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E-Cadherin-based Adherens Junctions (AJs) are a defining feature of all epithelial sheets. Through the homophilic association of E-Cadherin molecules expressed on neighboring cells, they ensure intercellular adhesion amongst epithelial cells, and regulate many key aspects of epithelial biology. While their adhesive role requires these structures to remain stable, AJs are also extremely plastic. This plasticity allows for the adaptation of the cell to its changing environment: changes in neighbors after cell division, cell death, or cell movement, and changes in cell shape during differentiation. In this review we focus on the recent advances highlighting the critical role of the apico-basal polarity machinery, and in particular of the Par3/Bazooka scaffold, in the regulation and remodeling of AJs. We propose that by regulating key phosphorylation events on the core E-Cadherin complexes components, Par3 and epithelial polarity promote meta-stable protein complex governing the correct formation, localization, and functioning of AJ.

INTRODUCTION

In multicellular organisms, cells contact their neighbors to generate tissues and organs of very stereotypical shapes and forms. One of the most ubiquitous cell types is the epithelial cell. Epithelial cells organize as mono-layered or pseudo-stratified epithelial sheets that serve to create boundaries between different environments, for instance between the outside and inside of an organism, where the exchanges and fluxes of macromolecules, nutrients, metabolites, have to pass through and are therefore tightly controlled [START_REF] Bryant | From cells to organs: building polarized tissue[END_REF]. As such, maintaining the integrity of the epithelial sheets is crucial to their function.

Epithelial cells are polarized along their apico-basal (A/B) axis where the apical side faces the exterior of the organism or the lumen of the epithelial tube. This A/B polarity is established and maintained by the asymmetric segregation of evolutionarily conserved protein complexes which defines several lateral membrane domains (reviewed in [START_REF] Goldstein | The PAR proteins: fundamental players in animal cell polarization[END_REF][START_REF] St Johnston | Cell polarity in eggs and epithelia: parallels and diversity[END_REF][START_REF] Tepass | The apical polarity protein network in Drosophila epithelial cells: regulation of polarity, junctions, morphogenesis, cell growth, and survival[END_REF]). Along these different lateral domains, different sets of intercellular junctions mediate cell-cell adhesion, integrity of the epithelial sheets, and the tightness of the barrier [START_REF] Nelson | Roles of cadherins and catenins in cell-cell adhesion and epithelial cell polarity[END_REF][START_REF] Wei | Insights into the role of cell-cell junctions in physiology and disease[END_REF][START_REF] Harder | SnapShot: tight and adherens junction signaling[END_REF].

Adherens Junctions (AJs) are a defining feature of all epithelial sheets and constitute apical adhesive structures where the close membrane apposition between neighboring epithelial cells is mediated and strengthened by the homophilic interactions of singlepass transmembrane E-Cadherin (E-Cad) molecules. These structures are stabilized by the accumulation of a dense actin filaments-based cortical network, and in particular by the molecular links anchoring E-Cad clusters to the inner cytoskeleton (reviewed in [START_REF] Harris | Adherens junction assembly and function in the Drosophila embryo[END_REF][START_REF] Baum | Dynamics of adherens junctions in epithelial establishment, maintenance, and remodeling[END_REF][START_REF] Röper | Integration of cell-cell adhesion and contractile actomyosin activity during morphogenesis[END_REF][START_REF] Collinet | Stability and dynamics of cell-cell junctions[END_REF]).

While stable adhesion is critical for epithelial sheet integrity and function, numerous studies also highligh the incredible plasticity of AJs, allowing for the destruction of 'old' cellular contacts and the creation of new ones [START_REF] Collinet | Stability and dynamics of cell-cell junctions[END_REF][START_REF] De Beco | Endocytosis is required for Ecadherin redistribution at mature adherens junctions[END_REF][START_REF] Lecuit | E-cadherin junctions as active mechanical integrators in tissue dynamics[END_REF][START_REF] Yap | Making and breaking contacts: the cellular biology of cadherin regulation[END_REF][START_REF] Ivanov | Dynamics and regulation of epithelial adherens junctions: recent discoveries and controversies[END_REF]. This remodeling of the E-Cad complexes and AJs is intimately associated with changes in cell size, cell shape, and relative cell movements that are the basis of the global morphogenetic processes producing stereotypical tissues and organs fulfilling their functions during embryonic development and adaptive processes of adult tissues [START_REF] Harris | Adherens junction assembly and function in the Drosophila embryo[END_REF][START_REF] Röper | Integration of cell-cell adhesion and contractile actomyosin activity during morphogenesis[END_REF][START_REF] St Johnston | Epithelial polarity and morphogenesis[END_REF]. The study of AJ remodeling and dynamics is a very active field of research combining different model organisms and a very broad range of approaches from biochemical studies to monitor protein complexes, to bio-physics and mathematical modeling, to refined microscopic techniques in the living tissues or organisms, allowing a description of this process from the molecular and cellular scale, up to the tissular scale and its implication during morphogenesis. While different organisms might use slightly different mechanisms to regulate AJs, the molecular conservation of the key players involved, as well the ubiquity of AJ remodeling throughout the animal kingdom (see Table 1 for homology between human and Drosophila genes involved in AJ establishment and regulation), strongly suggest that common evolutionarily-rooted themes exist and that combining information gathered using different organisms and levels of analysis should stimulate the emergence of new hypotheses.

The current review will first introduce the basic organization of E-Cad-based complexes found at AJs, and some key morphogenetic events that require AJ remodeling. Integrating information from different organisms, mainly the genetically tractable model organism Drosophila melanogaster and its powerful cellular and in vivo microscopic approaches, and mammalian tissue culture and its refined biochemical and macro-molecular complex analysis (see Table 1), this review will then describe the events that direct E-Cad complex formation, before focusing on the role of apical cortical scaffolds, in particular of Par3, and how they control the reversible assembly/disassembly of the E-Cad-based complexes to modulate the localization, size, and strength of AJs.

Core E-Cadherin complex composition and regulation

E-Cadherin

Epithelial cadherin (E-Cad, CDH1 in humans, shotgun in Drosophila; Table 1) is a member of the classical cadherins, together with the neural cadherin (N-Cad), placental cadherin (P-Cad), and the vascular endothelial cadherin (VE-Cad). E-Cad is an evolutionarily conserved large single-pass transmembrane glycoprotein involved in Ca 2+ -dependent cell-cell adhesion (reviewed in [START_REF] Gumbiner | Regulation of cadherin-mediated adhesion in morphogenesis[END_REF]). E-Cad, like all cadherins, harbor extracellular cadherin repeats with Ca 2+ binding sites, which mediate homophilic interactions between cadherin molecules expressed on neighboring cells (transengagement). The highly conserved intracellular tail of E-Cad associates with many different cytoplasmic proteins, which are mainly composed of the α-, β-and p120catenins (for reviews see [START_REF] Harris | Adherens junction assembly and function in the Drosophila embryo[END_REF][START_REF] Baum | Dynamics of adherens junctions in epithelial establishment, maintenance, and remodeling[END_REF]; Fig. 1). These different E-Cad binding partners mediate and regulate the activity of E-Cad, and in particular its association with the actin-myosin cytoskeleton, its transport and recycling, and its interactions with the different A/B and planar polarity machineries at play in epithelial cells (reviewed in [START_REF] Nelson | Roles of cadherins and catenins in cell-cell adhesion and epithelial cell polarity[END_REF][START_REF] Collinet | Stability and dynamics of cell-cell junctions[END_REF][START_REF] Ivanov | Dynamics and regulation of epithelial adherens junctions: recent discoveries and controversies[END_REF]). They represent therefore key players in the remodeling of E-Cad-based adhesion.

The present review focuses on E-Cad, but a lot of E-Cad binding partners and regulators also control other classical cadherins, and the change of cadherin flavor (E-Cad, N-Cad, P-Cad), a.k.a. cadherin switch, occurs during normal development or during pathogenesis such as in certain cancers.

Catenins

The two main interactors of the E-Cad cytoplasmic domain are the β-catenin (β-Cat) and the p120-catenin (p120-Ctn). These two proteins are highly conserved throughout evolution and consist of repeats of the armadillo domain (β-Cat is also known as armadillo in Drosophila; Table 1).

The link to the actin cytoskeleton is mainly mediated by β-Cat via its association with α-Catenin (α-Cat; Fig. 1). It has been proposed that a complex composed of E-Cad, β-Cat, α-Cat, and actin is responsible for the association between E-Cad molecules and the actin/myosin network. Indeed, both in mammalian cell line studies and in Drosophila, direct linkage between α-Cat and E-Cad by the generation of E-Cad/α-Cat fusions can rescue most of E-Cad loss-of-function phenotypes, including remodeling [START_REF] Desai | Monomeric αcatenin links cadherin to the actin cytoskeleton[END_REF][START_REF] Nagafuchi | The roles of catenins in the cadherinmediated cell adhesion: functional analysis of E-cadherin-alpha catenin fusion molecules[END_REF]. This model fits well with the observation that α-Cat plays a critical role in the transduction of mechanical tension to the AJ and E-Cad clusters [START_REF] Cavey | A two-tiered mechanism for stabilization and immobilization of E-cadherin[END_REF][START_REF] Yonemura | alpha-Catenin as a tension transducer that induces adherens junction development[END_REF]. This model is further supported by the recent observation that under force, E-Cad/Catenin complexes bind directly F-actin [START_REF] Buckley | Cell adhesion. The minimal cadherin-catenin complex binds to actin filaments under force[END_REF]. Besides its interaction with β-Cat, α-Cat can interact with many actin-binding proteins such as formin, vinculin, αactinin, ZO-1, AF6/afadin, or EPLIN [START_REF] Abe | EPLIN mediates linkage of the cadherin catenin complex to F-actin and stabilizes the circumferential actin belt[END_REF] (reviewed in [START_REF] Bershadsky | Magic touch: how does cell-cell adhesion trigger actin assembly?[END_REF][START_REF] Yonemura | Cadherin-actin interactions at adherens junctions[END_REF]), that could act as elements of an extra bridge between β-Cat and actin. These different proteins represent different possible levels of regulation and plasticity of the AJ in its relationship with the actin/myosin network (Fig. 1).

Many studies in mammalian systems have highlighted the key role of p120-Ctn in the regulation of AJs [START_REF] Kourtidis | p120 catenin: an essential regulator of cadherin stability, adhesion-induced signaling, and cancer progression[END_REF]. p120-Ctn has been shown to interact with various microtubule regulating proteins such as CLASP2 [START_REF] Shahbazi | CLASP2 interacts with p120-catenin and governs microtubule dynamics at adherens junctions[END_REF] or kinesin [START_REF] Chen | p120 catenin associates with kinesin and facilitates the transport of cadherin-catenin complexes to intercellular junctions[END_REF], but also with actin regulators such as the small GTPase Rho regulator p190RhoGAP [START_REF] Wildenberg | p120-catenin and p190RhoGAP regulate cell-cell adhesion by coordinating antagonism between Rac and Rho[END_REF] to mediate local Rho/Rac activity [START_REF] Wildenberg | p120-catenin and p190RhoGAP regulate cell-cell adhesion by coordinating antagonism between Rac and Rho[END_REF][START_REF] Noren | p120 catenin regulates the actin cytoskeleton via Rho family GTPases[END_REF], E-Cad endocytosis and turn-over [START_REF] Davis | A core function for p120-catenin in cadherin turnover[END_REF][START_REF] Hoshino | Regulation of E-cadherin endocytosis by nectin through afadin, Rap1, and p120ctn[END_REF], and microtubule control of AJs. More specifically, p120-Ctn dynamically regulates Rho-GTPase activity at the Cadherin complex through transient interaction with several of its up-and downstream effectors, including ROCK1 [START_REF] Smith | Association of Rho-associated protein kinase 1 with E-cadherin complexes is mediated by p120-catenin[END_REF]. These studies also demonstrate that p120-Ctn contributes to the maintenance of cell-cell adhesion by regulating E-Cadherin stability in epithelial cells. Surprisingly, p120-Ctn function is dispensable in Drosophila, suggesting a rather supportive role in the fly [START_REF] Myster | Drosophila p120catenin plays a supporting role in cell adhesion but is not an essential adherens junction component[END_REF][START_REF] Pacquelet | Binding site for p120/delta-catenin is not required for Drosophila E-cadherin function in vivo[END_REF].

However, a recent study in Drosophila demonstrated that p120-Ctn facilitates the endocytosis and recycling of the dynamic E-Cadherin-Par3 subcomplex (Par3 is known as Bazooka in Drosophila; Table 1), whereas its absence stabilizes this subcomplex at the membrane [START_REF] Bulgakova | Drosophila p120-catenin is crucial for endocytosis of the dynamic E-cadherin-Bazooka complex[END_REF]. E-Cad and the Catenins are the substrates of key AJ regulating kinases and phosphatases that modulate their protein/protein interactions, thereby regulating the strength of interaction between E-Cad and the Catenin complex and their levels at the membrane. These are key steps in modulating adhesive strength and AJ remodeling.

The vast majority of these biochemical studies have been performed in human (and other mammalian) cell lines, thus the residues and mechanisms described below (1.3, 1.4, and 1.5) primarily apply to the human E-Cad/Catenin complexes (more details in Table 2).

Regulation of E-Cad/Catenin association by phosphorylation

In mammalian cells, the fine-tuned regulation of the E-Cad/Catenin complex and AJ stability by phosphorylation is being well studied and its complexity is only gradually being uncovered. Conversely, in Drosophila phosphorylation events are much less well documented and AJ dynamics and remodeling rely more on cellular and genetic approaches. Consequently, the below-mentioned phosphorylation-based E-Cad complex regulation studies mainly focus on mammalian cells, but when appropriate studies in Drosophila are also mentioned. Early observations evidenced that a short core region of the intracellular E-Cad part is highly phosphorylated on serine [START_REF] Stappert | A short core region of E-cadherin is essential for catenin binding and is highly phosphorylated[END_REF] and tyrosine residues [START_REF] Behrens | Loss of epithelial differentiation and gain of invasiveness correlates with tyrosine phosphorylation of the E-cadherin/beta-catenin complex in cells transformed with a temperature-sensitive v-SRC gene[END_REF][START_REF] Matsuyoshi | Cadherin-mediated cell-cell adhesion is perturbed by v-src tyrosine phosphorylation in metastatic fibroblasts[END_REF] and essential for Catenin binding (Table 2).

The Src kinase and other Src-family kinases (SFK) are critical protein tyrosine kinases for the regulation of E-Cad and Catenin interactions (Fig. 1 and Table 2). In mammalian cells, the Src kinase phosphorylates E-Cad on two consecutive tyrosine residues (Y753/754), thereby creating an interaction domain with the E3-ubiquitin ligase Hakai to promote ubiquitinylation and degradation of the E-Cad complex and disruption of the cell-cell contacts [START_REF] Fujita | Hakai, a c-Cbl-like protein, ubiquitinates and induces endocytosis of the Ecadherin complex[END_REF]. Other SFK members, such as Fyn, are also involved in Hakai-mediated E-Cad degradation [START_REF] Smyth | Reduced surface expression of epithelial E-cadherin evoked by interferon-gamma is Fyn kinase-dependent[END_REF], and chemical inhibition of SFKs can restore E-Cad mediated cell adhesion and reduce cancer metastasis in human cancer cell lines [START_REF] Nam | Src family kinase inhibitor PP2 restores the E-cadherin/catenin cell adhesion system in human cancer cells and reduces cancer metastasis[END_REF].

SFKs also phosphorylate β-Cat (Fig. 1 and Table 2) resulting in a reduced association to E-Cad and α-Cat, and subsequent decreased cell-cell adhesion [START_REF] Hu | Tyrosine phosphorylation of human keratinocyte beta-catenin and plakoglobin reversibly regulates their binding to E-cadherin and alpha-catenin[END_REF]. C-src-mediated β-Cat phosphorylation on Y654 reduces its affinity for E-Cad leading to AJ disruption [START_REF] Roura | Regulation of Ecadherin/Catenin association by tyrosine phosphorylation[END_REF]. The RET receptor kinase in epithelial cells also promotes the phosphorylation of the Y654 residue of β-Cat and likewise impairs its interaction with E-Cad at AJs [START_REF] Fernández-Sánchez | Mechanical induction of the tumorigenic β-catenin pathway by tumour growth pressure[END_REF].

The SFK kinase Fyn phosphorylates p120-Ctn on the Y112 residue of its N-terminal regulatory domain, and inhibits its interaction with RhoA [START_REF] Castaño | Specific phosphorylation of p120-catenin regulatory domain differently modulates its binding to RhoA[END_REF] thus potentially destabilizing AJs (see later; Fig. 1). In Drosophila, a similar negative role for p120-Ctn in cells with sensitized Src levels is suggested by the fact that in cells with increased Src activity, the associated AJ destabilization is suppressed when p120-Ctn is mutated [START_REF] Vidal | Csk-deficient boundary cells are eliminated from normal Drosophila epithelia by exclusion, migration, and apoptosis[END_REF] even though there is no direct proof of Src mediated phosphorylation of p120-Ctn in Drosophila. Once phosphorylated by Fyn, p120-Ctn increases its affinity for E-Cad and, consequently, promotes the association of Fyn with the AJ complex [START_REF] Piedra | p120 Catenin-associated Fer and Fyn tyrosine kinases regulate betacatenin Tyr-142 phosphorylation and beta-catenin-alpha-catenin Interaction[END_REF]. This appears however as a destabilizing event since the p120-Ctnmediated recruitment of Fyn leads to the phosphorylation of β-Cat on the Y142 residue to prevent the association with α-Cat. Other tyrosine kinases (e.g. FGFR2, FGFR3, EGFR and TRKA; Table 2) also directly phosphorylate β-Cat at Y142, releasing β-Cat from membranous Cadherin complexes, increasing the cytoplasmic β-Cat concentration, and ultimately activating the canonical WNT pathway signaling [START_REF] Krejci | Receptor tyrosine kinases activate canonical WNT/β-catenin signaling via MAP kinase/LRP6 pathway and direct β-catenin phosphorylation[END_REF].

In Drosophila, there are only two Src kinases, Src42A and Src64B. When overexpressed, they induce a destabilization of E-Cad based AJs [START_REF] Shindo | Dual function of Src in the maintenance of adherens junctions during tracheal epithelial morphogenesis[END_REF]. Src42A is found in a complex with E-Cad and with Arm, the Drosophila β-Cat orthologue (Table 1), and is able to promote the tyrosine phosphorylation of Arm [START_REF] Takahashi | Requirements of genetic interactions between Src42A, armadillo and shotgun, a gene encoding Ecadherin, for normal development in Drosophila[END_REF]. It is therefore tempting to propose that this Y-phosphorylation of β-Cat/Arm is responsible for E-Cad/Catenin complexes destabilization as observed in mammals [START_REF] Hu | Tyrosine phosphorylation of human keratinocyte beta-catenin and plakoglobin reversibly regulates their binding to E-cadherin and alpha-catenin[END_REF][START_REF] Roura | Regulation of Ecadherin/Catenin association by tyrosine phosphorylation[END_REF]. However, it remains unclear whether Drosophila Src directly phosphorylates Arm, or whether this is mediated by another kinase [START_REF] Takahashi | Requirements of genetic interactions between Src42A, armadillo and shotgun, a gene encoding Ecadherin, for normal development in Drosophila[END_REF], such as the Abelson kinase [START_REF] Tamada | Abl regulates planar polarized junctional dynamics through β-catenin tyrosine phosphorylation[END_REF] (Fig. 1). Indeed, the E-Cad and AJ destabilization observed after increased Src activity in Drosophila, are suppressed when Abl levels are impaired suggesting that Abl mediates, at least in part the effect of Src [START_REF] Singh | Drosophila Abelson kinase mediates cell invasion and proliferation through two distinct MAPK pathways[END_REF]. Abl-mediated phosphorylation of β-Cat/Arm is further supported by studies in Drosophila embryos, where asymmetrically localized Abl kinase directs planar polarized junctional remodeling during axis elongation through the tyrosine phosphorylation of β-Cat/Arm on the conserved Y667 residue, resulting in β-Cat/Arm accumulation in stable junctions parallel to the embryo antero-posterior axis, while Abl is found in shrinking junctions [START_REF] Tamada | Abl regulates planar polarized junctional dynamics through β-catenin tyrosine phosphorylation[END_REF]. However, this effect has yet to be linked to Src kinases. Like its mammalian counterparts, the overall AJ destabilizing effect of Src in Drosophila is further supported by the observation that mutations for Csk, the C-terminal Src kinase, a kinase that inhibits Src by phosphorylating its C-terminal tail [START_REF] Pedraza | Drosophila Src-family kinases function with Csk to regulate cell proliferation and apoptosis[END_REF], promotes AJ destabilization and cell delamination [START_REF] Vidal | Csk-deficient boundary cells are eliminated from normal Drosophila epithelia by exclusion, migration, and apoptosis[END_REF][START_REF] Langton | Drosophila ASPP regulates Cterminal Src kinase activity[END_REF].

While overall SFK activity appears to promote E-Cad/Catenin complex destabilization and AJ destruction, the actual picture is much more dynamic, and SFK can also promote E-Cad/Catenin stability (see Table 2). For instance, Src signaling supports E-Cad signaling to PI3-kinase [START_REF] Pang | Recruitment of phosphoinositide 3-kinase defines a positive contribution of tyrosine kinase signaling to E-cadherin function[END_REF] and elevated SFK activity may also stabilize E-Cad-based junctions and collective cell movement [START_REF] Veracini | Elevated Src family kinase activity stabilizes Ecadherin-based junctions and collective movement of head and neck squamous cell carcinomas[END_REF], even though the unequivocal involvement of Src in a direct E-Cad phosphorylation has not been evidenced in these studies. Tyrosine phosphorylation of α-Cat enhances its translocation to the plasma membrane and its interaction with β-Cat, leading to enhanced actin polymerization and stabilization of AJs [START_REF] Burks | Modulation of alpha-catenin Tyr phosphorylation by SHP2 positively effects cell transformation induced by the constitutively active FGFR3[END_REF]. E-Cad and α-Cat are also phosphorylated by the Syk tyrosine kinase, which behaves as a tumor suppressor in epithelial cells. Their phosphorylation by Syk supports the proper localization of p120-Ctn at AJs [START_REF] Larive | Phosphoproteomic analysis of Syk kinase signaling in human cancer cells reveals its role in cell-cell adhesion[END_REF], and the formation of cell-cell contacts [START_REF] Zhang | Role of the protein tyrosine kinase Syk in regulating cell-cell adhesion and motility in breast cancer cells[END_REF].

SFKs also phosphorylate directly p120-Ctn, an essential regulator of Cadherin complexes in mammals, which binds and stabilizes E-Cad to promote its adhesive and tumor suppressing function [START_REF] Kourtidis | p120 catenin: an essential regulator of cadherin stability, adhesion-induced signaling, and cancer progression[END_REF]. The Src-mediated phosphorylation pattern of p120-Ctn is complex and encompasses 8 major tyrosine sites [START_REF] Mariner | Identification of Src phosphorylation sites in the catenin p120ctn[END_REF] and conversely to its effect on β-Cat, it increases the affinities of p120-Ctn for E-Cad [START_REF] Roura | Regulation of Ecadherin/Catenin association by tyrosine phosphorylation[END_REF]. Tyrosine phosphorylation of p120-Ctn was not observed in v-Src-transformed cells expressing E-Cad mutants deleted of their cytoplasmic part, indicating that tyrosine phosphorylation of p120-Ctn depends on its complex formation with E-Cad and membrane localization [START_REF] Ozawa | Tyrosine phosphorylation of p120(ctn) in v-Src transfected L cells depends on its association with E-cadherin and reduces adhesion activity[END_REF]. Unlike the SFK Fyn, Src-mediated p120-Ctn phosphorylation (on Y217 and Y228) promotes increased affinity towards RhoA [START_REF] Castaño | Specific phosphorylation of p120-catenin regulatory domain differently modulates its binding to RhoA[END_REF] and thus potentially AJ stabilization.

Another key kinase in the modulation of E-Cad/Catenin complexes is Casein kinase 2 (CK2; Fig. 1 and Table 2). CK2 phosphorylates E-Cad on the S684, which probably in combination with the effect of glycogen synthase kinase-3β (GSK-3β), results in increased β-Cat binding and stronger cell-cell adhesion [START_REF] Lickert | Casein kinase II phosphorylation of E-cadherin increases E-cadherin/beta-catenin interaction and strengthens cellcell adhesion[END_REF]. Accordingly, decreased E-Cad phosphorylation by CK2 is associated with the disruption of AJs [START_REF] Serres | The disruption of adherens junctions is associated with a decrease of E-cadherin phosphorylation by protein kinase CK2[END_REF]. While CK2 appears to stabilize junctions, EGFR-ERK mediated activation of CK2α promoting the phosphorylation of α-Cat on the S641 residue, results in the disruption of the α/β-Cat complex and weaker adhesion and promotion of the β-Cat transactivation [START_REF] Ji | EGF-induced ERK activation promotes CK2-mediated disassociation of alpha-Catenin from beta-Catenin and transactivation of beta-Catenin[END_REF]. Recently, several phosphorylation sites have been identified within mammalian and Drosophila α-Cat that is sequentially modified at CK2 and CK1 consensus sites. In mammalian cells, non-phosphorylatable forms of α-Cat showed defects in intercellular adhesion suggesting that these CK1 and CK2 sites are required for normal Cadherin-Catenin complex function [START_REF] Escobar | α-Catenin phosphorylation promotes intercellular adhesion through a dual-kinase mechanism[END_REF].

CK1ε, not only phosphorylates α-Cat, it can also phosphorylate p120-Ctn [START_REF] Casagolda | A p120-catenin-CK1epsilon complex regulates Wnt signaling[END_REF]. In response to Wnt signaling, p120-catenin is phosphorylated at S268 and S269, disrupting its interaction with E-Cadherin [START_REF] Valle-Pérez | Wnt controls the transcriptional activity of Kaiso through CK1ε-dependent phosphorylation of p120-catenin[END_REF] and therefore facilitating the activation of Rac1 signaling. Strikingly, this later effect is inhibited by p120-Ctn tyrosine phosphorylation by Src or Fyn [START_REF] Valls | Upon Wnt stimulation, Rac1 activation requires Rac1 and Vav2 binding to p120-catenin[END_REF].

Finally, different PKC isoforms regulate p120-Ctn association with the E-Cad/Cat complexes. There are eight PKC-dependent Ser/Thr phosphorylation sites in mammalian p120-Ctn [START_REF] Xia | Adhesion-associated and PKC-modulated changes in serine/threonine phosphorylation of p120-catenin[END_REF], and signaling events that activate PKC induce rapid phosphorylation of p120-Ctn, suggesting that p120-Ctn activity is regulated, in part, by one or more PKC isoforms. For instance, physiologic activation of several receptor tyrosine kinases such as PDGFR, induce rapid and robust p120-Ctn phosphorylation at S879, an effect mediated by PKCα, a conventional PKC isoform shown to be implicated in AJ disruption [START_REF] Brown | PDGF receptor activation induces p120-catenin phosphorylation at serine 879 via a PKCalpha-dependent pathway[END_REF]. p120-Ctn is also phosphorylated at S268 in a strictly PKCɛ-dependent manner and is a key effector of the Ras-PKCɛ oncogenic signaling axis [START_REF] Dann | p120 catenin is a key effector of a Ras-PKCɛ oncogenic signaling axis[END_REF].

In conclusion, regulation of the E-Cad/Catenin complexes by phosphorylation is coordinated by an increasingly diverse series of phosphorylation events. Even though reviewed here, they are strongly dependent on cell type and stimulus, and might not all occur at the same time in the same cell. This largely accounts for the current apparent contradictory effects (strengthening versus disrupting AJ) (see Table 2). It is also possible that contradictory events occur simultaneously, to maintain the plasticity of the AJs, allowing rapid remodeling. The relative dynamics of many of these destruction/creation of protein/protein contacts will ultimately tilt the balance towards strengthening or disrupting of AJs. It is therefore impossible in this review to present a complete and clear-cut/unambiguous unifying model on these dynamic regulations.

We did, however, opt not to simplify but realistically represent the current provisional view with the many questions remaining.

Regulation of E-Cad/Catenin levels by phosphorylations

Cadherins associate with β-Cat in the endoplasmic reticulum shortly after their synthesis, and uncomplexed cadherins are degraded [START_REF] Hinck | Dynamics of cadherin/catenin complex formation: novel protein interactions and pathways of complex assembly[END_REF][START_REF] Huber | The structure of the beta-catenin/E-cadherin complex and the molecular basis of diverse ligand recognition by beta-catenin[END_REF], highlighting one of the mechanisms by which phosphorylations can regulate AJ strength. Alternatively, rather than this indirect effect on protein stability, key phosphorylation events may directly control E-Cad and Catenins degradation.

CK1 colocalizes with E-Cad and phosphorylates its cytoplasmic domain on the highly conserved S846 residue (Fig. 1). Constitutively phosphorylated E-Cad on S846 is unable to localize at cell-cell contacts, has a decreased intercellular adhesive activity, and binds weakly with β-Cat [START_REF] Dupre-Crochet | Casein kinase 1 is a novel negative regulator of E-cadherin-based cell-cell contacts[END_REF]. Indeed CK1-mediated E-Cad phosphorylation triggers its ubiquitinylation by the SCF-Skp2 E3 ubiquitin ligase complex, and its subsequent degradation [START_REF] Inuzuka | Acetylation-dependent regulation of Skp2 function[END_REF].

Both in mammals and Drosophila, CK1 also mediates the phosphorylation and degradation of β-Cat, even though this process has been mainly documented in the regulation of the Wnt signaling-dedicated cytoplasmic pool of β-Cat (reviewed in [START_REF] Stamos | The β-catenin destruction complex[END_REF]). Alternatively the membrane-associated pool of β-Cat could also be controlled by phsphorylation-primed degradation. Lee and collaborators reported that the c-Jun amino-terminal kinase (JNK) binds to the E-Cad/β-Cat complex and phosphorylates β-Cat at S37 and T41, sites that are shared with GSK-3β, disrupting intercellular contacts [START_REF] Lee | JNK phosphorylates beta-catenin and regulates adherens junctions[END_REF].

Role of Phosphatases in E-Cad/Catenin complex

AJs are dynamic structures that need to adapt and are subject to constant stabilization, destruction, and renewal. The phosphorylations described above are therefore counterbalanced by dephosphorylation events. For instance, the protein Ser/Thr phosphatase-6 catalytic subunit (PP6c) accumulates at AJs, associates directly with E-Cad, and opposes CK1 to maintain cell surface localization of E-Cad [START_REF] Ohama | Protein Ser/Thr phosphatase-6 is required for maintenance of E-cadherin at adherens junctions[END_REF]. Similarly, PP2A activity is required for cell-cell adhesion [START_REF] Takahashi | Involvement of protein phosphatase 2A in the maintenance of E-cadherin-mediated cell-cell adhesion through recruitment of IQGAP1[END_REF].

Several phosphatases mediate β-Cat dephosphorylation, such as PP1cγ (on the T41 and S45 residues, previously phosphorylated by GSK3 and CK1 respectively [START_REF] Marchesini | Confluence induced threonine41/serine45 phospho-beta-catenin dephosphorylation via ceramide-mediated activation of PP1cgamma[END_REF]), the protein-tyrosine phosphatase LAR (leukocyte common antigen related) [START_REF] Müller | Phosphorylation and free pool of beta-catenin are regulated by tyrosine kinases and tyrosine phosphatases during epithelial cell migration[END_REF], or the receptor-like protein-tyrosine phosphatase PCP-2 [START_REF] Yan | Protein-tyrosine phosphatase PCP-2 inhibits beta-catenin signaling and increases E-cadherindependent cell adhesion[END_REF] to stabilize AJs. Similarly, dephosphorylation of p120-Ctn by phosphatases (for instance by the CD148 transmembrane tyrosine phosphatase [START_REF] Takahashi | CD148 tyrosine phosphatase promotes cadherin cell adhesion[END_REF]) increase the homophilic binding affinity of E-Cad, thus directly demonstrating that cell surface E-Cad is allosterically regulated by p120-Ctn [START_REF] Shashikanth | Allosteric Regulation of E-Cadherin Adhesion[END_REF].

When are Adherens Junctions remodeled?

The primary function of E-Cad based AJs is to mediate intercellular adhesion between neighboring cells, ensuring the integrity of the epithelium. It is therefore essential that AJs are maintained as stable structures to prevent weakening and ultimately rupture of the epithelial sheet, with its potential damaging effects on the homeostasis of the tissue and survival of the organism. AJs also represent anchoring points with respect to the A/B axis of epithelial cells, and as such prevent the mixing between the apical and basal determinants, the Crumbs/Patj/Pals1/Par-6/aPKC and Scrib/Dlg/Lgl/Par-1 complexes respectively [START_REF] Goldstein | The PAR proteins: fundamental players in animal cell polarization[END_REF][START_REF] St Johnston | Cell polarity in eggs and epithelia: parallels and diversity[END_REF][START_REF] Tepass | The apical polarity protein network in Drosophila epithelial cells: regulation of polarity, junctions, morphogenesis, cell growth, and survival[END_REF][START_REF] Bilder | Integrated activity of PDZ protein complexes regulates epithelial polarity[END_REF]. The antagonistic activities of these apical and basal determinants, together with their interactions with AJs components help position and stabilize the exact position of the AJs, defining therefore the relative sizes of the apical and baso-lateral membranes, and as a consequence contribute to the accurate positioning of the other asymmetrically distributed compartments, organelles and traffic in epithelial cells.

Despite the need for stability, AJs also exhibit a tremendous plasticity and are highly remodeled during development and morphogenesis. AJs shrink and expand, change in size and strength, are dissociated and reformed, to accommodate for the changes in cell shape and to mediate relative cell movements, as epithelial cells adapt to their environment and follow stereotypical developmental morphogenesis. While not exhaustive, AJ remodeling occurs for instance in the following morphogenetic events:

-When epithelial cells move with respect to each other, such as during the convergent and extension movements of the Drosophila embryo ectodermal cells. During this morphogenetic process, global extrinsic and intrinsic forces command epithelial cell intercalation along a dorso-ventral axis generating a global antero-posterior extension.

In order to achieve this, planar polarized AJs are destroyed and created whilst cells "slide" with respect to each other (reviewed in [START_REF] Harris | Adherens junction assembly and function in the Drosophila embryo[END_REF][START_REF] Collinet | Stability and dynamics of cell-cell junctions[END_REF][START_REF] Lecuit | E-cadherin junctions as active mechanical integrators in tissue dynamics[END_REF][START_REF] Heisenberg | Forces in tissue morphogenesis and patterning[END_REF]).

-When epithelial cells divide and undergo mitosis, new AJ material accumulates at the newly created interface between the neighboring cells that partly involve a redistribution of the cortical material [START_REF] Founounou | Septins regulate the contractility of the actomyosin ring to enable adherens junction remodeling during cytokinesis of epithelial cells[END_REF][START_REF] Herszterg | Interplay between the dividing cell and its neighbors regulates adherens junction formation during cytokinesis in epithelial tissue[END_REF][START_REF] Guillot | Adhesion disengagement uncouples intrinsic and extrinsic forces to drive cytokinesis in epithelial tissues[END_REF].

-When epithelial cells change shape, such as during apical constriction of columnar epithelial cells of vertebrate sensory placodes or during neural tube closure. Apical constriction reduces the total apical circumference of epithelial cells and hence is accompanied by a shrinking of AJs around the apex (reviewed in [START_REF] St Johnston | Epithelial polarity and morphogenesis[END_REF][START_REF] Heisenberg | Forces in tissue morphogenesis and patterning[END_REF]).

-When epithelia change their overall epithelial type to become either squamous or columnar. While all the previous examples implicated a remodeling of AJs along the plane of the epithelium, AJs can also be remodeled along the apico-basal axis of cells by changing their position and size, affecting the respective sizes of the apical and baso-lateral membranes. This is occurring when epithelial cells transition from a cuboidal "classical" epithelial structure, to a flatter squamous, or thicker columnar epithelium [START_REF] St Johnston | Epithelial polarity and morphogenesis[END_REF]. Such transitions are documented for instance when some of the cuboidal follicle cells surrounding the developing female Drosophila egg chamber become flatter and adopt a squamous type around the anterior nurse cells, while others located around the posterior oocyte become taller and columnar [START_REF] Grammont | Adherens junction remodeling by the Notch pathway in Drosophila melanogaster oogenesis[END_REF][START_REF] Kolahi | Quantitative analysis of epithelial morphogenesis in Drosophila oogenesis: New insights based on morphometric analysis and mechanical modeling[END_REF].

Establishment of E-Cadherin-based Adherens Junctions

The mechanisms and the sequence of events leading to the formation of AJs is a very active field of research and recent advances have been the subject of many excellent reviews [START_REF] Harris | Adherens junction assembly and function in the Drosophila embryo[END_REF][START_REF] Baum | Dynamics of adherens junctions in epithelial establishment, maintenance, and remodeling[END_REF][START_REF] Collinet | Stability and dynamics of cell-cell junctions[END_REF][START_REF] Yap | Making and breaking contacts: the cellular biology of cadherin regulation[END_REF][START_REF] Ivanov | Dynamics and regulation of epithelial adherens junctions: recent discoveries and controversies[END_REF]. Even though this topic is slightly outside of the primary focus of this review, notions about the mechanisms at play, and the current model describing how AJs form, are necessary to understand AJ remodeling. Indeed, in many instances, AJ remodeling appears as a partial re-use or modulation of AJ establishment.

While many details remain to be elucidated, E-Cad based AJs establishment and stabilization in metazoans, is controlled by a sequence of events involving local adhesion triggered by transmembrane adhesion molecules, the progressive recruitment of E-Cad/Catenin complexes to the membrane apposition sites, the crosstalks and dynamic interactions between the actin cytoskeleton and E-Cad clusters, and the shift from a dynamic Rac-controlled filamentous actin cytoskeleton to a more stable Rho-controlled bundled actin cytoskeleton [START_REF] Röper | Integration of cell-cell adhesion and contractile actomyosin activity during morphogenesis[END_REF][START_REF] Collinet | Stability and dynamics of cell-cell junctions[END_REF].

Based on work in cell culture, a model emerges where AJ formation starts with the contact of actin based protrusions between two neighboring cells. This first contact is triggered by the homophilic interaction 'in trans' between E-Cad molecules initiating the formation of little clusters of E-Cad connected to the actin radial cytoskeleton [START_REF] Mandai | Afadin/AF-6 and canoe: roles in cell adhesion and beyond[END_REF]. These little clusters of E-Cad engagement activate Rac signaling, in particular through the activation of the RacGEF TIAM1, to promote a branched actin network and more protrusions, ultimately expanding the initial small clusters of E-Cad both by coalescence and by the diffusion of free E-Cad monomers that finally become engaged and retained on-site. This leads to the formation of discontinuous and very dynamic spot AJs. In parallel to activating Arp2/3 filamentous actin nucleation, Rac signaling also recruits p190RhoGAP to the maturing AJs, inhibiting therefore Rho signaling at these early junctions. Alternatively, these initial contacts could be mediated or reinforced by the trans-engagement of immunoglobulin-like adhesion molecules of the Nectin family, to help recruit free E-Cad complexes to the apposition sites [START_REF] Collinet | Stability and dynamics of cell-cell junctions[END_REF][START_REF] Ivanov | Dynamics and regulation of epithelial adherens junctions: recent discoveries and controversies[END_REF].

Once junctions grow, the scaffolds Par3 (PARD3 in humans, Bazooka in Drosophila;

Table 1) and α-Cat are recruited to the expanding junctions and inhibit Rac signaling.

The joint inhibitions of the RacGEF TIAM1 by Par3 (or its orthologue Sif by Baz in Drosophila, see later for the role of Par3 in AJ regulation; Fig. 1) [START_REF] Chen | Par-3 controls tight junction assembly through the Rac exchange factor Tiam1[END_REF][START_REF] Georgiou | Polarity proteins and Rho GTPases cooperate to spatially organise epithelial actin-based protrusions[END_REF] and of Arp2/3 and p190RhoGAP by α-Cat [START_REF] Drees | Alpha-catenin is a molecular switch that binds E-cadherin-beta-catenin and regulates actin-filament assembly[END_REF][START_REF] Ratheesh | Centralspindlin and α-catenin regulate Rho signalling at the epithelial zonula adherens[END_REF] result in the activation of Rho signaling and the formation of stable actin bundles that run parallel to the cell-cell contact surface and stabilize mature AJs. This ultimately results in the formation of a subcortical actin ring at the apex of epithelial cells supporting a continuous ring of E-Cad based AJs.

While this model accounts primarily for AJ formation at the interface between connecting mammalian cells, most of it can be extrapolated to other systems. There are, however, many little variations depending on the epithelial cell type, or the nature of the initial contact. For instance two main differences can be highlighted in the extensively studied Drosophila paradigms of AJ remodeling. First, Drosophila does not appear to have a clear Nectin orthologue, even though the IgCAM molecule Echinoid (Ed) is taking over some of its Ca 2+ -independent adhesive role in parallel to the action of E-Cad complexes (Table 1). For instance the interaction between Nectins and Afadin is paralleled in Drosophila in the interaction between Ed and Canoe. The link between Ed and Baz (orthologue of Par3; Table 1) will be discussed later.

Second, in the developing Drosophila embryo, the first AJs are formed during lateral membrane creation, isolating little patches of cytoplasm around individual nuclei out of the initial syncytial embryo. In this intensely studied model, there is no initial apposition of membrane from two isolated cells, and E-Cad accumulation appears primarily mediated by targeted traffic of E-Cad/Catenin complexes (reviewed in [START_REF] Harris | Adherens junction assembly and function in the Drosophila embryo[END_REF]).

Most epithelia of the Drosophila embryo, larva, and adult, are inherited from this initial 'epithelization' and AJ creation. It is noteworthy that in the developing mammalian organism, AJs are also inherited and extended between dividing cells.

The situation is therefore different from the meeting of isolated cells seen in culture conditions, suggesting that the mechanisms describing AJ initiation after apposition of membrane might be more specific than general. Despite little differences particular for each system, a few key features of AJs formation with respect to their necessary remodeling can be highlighted:

-The formation of AJs is a multi-step process that is reversible allowing for the remodeling of E-Cad based AJs.

-The many components of E-Cad complexes and accessory proteins and the complex interactions they mutually engage in, offer many points of regulation, in particular through post-translational modifications (Fig. 1 and Table 2).

-AJ formation and evolution is driven by the cross-talks and feed-backs between E-Cad clusters and the underlying actin cytoskeleton. In particular, the switch between Rac (flexible), and Rho (stable) signaling is critical for the transition from more mobile spot-like AJs to more stable belt-like AJs.

-A few protein scaffolds, and in particular afadin/AF-6 [START_REF] Mandai | Afadin/AF-6 and canoe: roles in cell adhesion and beyond[END_REF] and Par3/Baz control locally this switch between Rac and Rho signaling, and offer key entry points to regulate AJ remodeling.

Regulation of Adherens Junctions by the Par3/Baz scaffolds

The regulation of E-Cad-based AJs is highly dependent on the interactions of AJs with the cytoskeleton and the many factors that can regulate the formation of dynamic protein complexes centered on the E-Cad C-terminal-tail (see 1.3 & 1.4). From studies with mammalian cell culture and in vivo models such as the developmental morphogenesis in Drosophila, the scaffold Par3 has emerged as a critical node of AJ regulation. Par3 was first identified in the worm Caenorhabditis elegans as one of the critical factors controlling the initial polarization of the worm embryo. Worms mutant for PAR-3 show a partition defective phenotype during the first cell division, hence the name PAR-3 [START_REF] Etemad-Moghadam | Asymmetrically distributed PAR-3 protein contributes to cell polarity and spindle alignment in early C. elegans embryos[END_REF]. PAR-3 orthologues are found in Drosophila (Bazooka, Baz, [START_REF] Kuchinke | Control of spindle orientation in Drosophila by the Par-3-related PDZ-domain protein Bazooka[END_REF]) and vertebrates (known as PARD3 in human) and form a family of evolutionarily conserved protein scaffolds, possessing multiple protein/protein interaction domains (for reviews see [START_REF] St Johnston | Cell polarity in eggs and epithelia: parallels and diversity[END_REF][START_REF] Tepass | The apical polarity protein network in Drosophila epithelial cells: regulation of polarity, junctions, morphogenesis, cell growth, and survival[END_REF][START_REF] Wodarz | Establishing cell polarity in development[END_REF]; Table 1). These different domains and the many protein partners they interact with regulate Par3 localization and activity, and through their effect on the actin cytoskeleton and on protein kinases and/or phosphatases, they mediate the action of Par3 on AJ dynamics.

Par3 as a localization clue for Adherens Junctions

Studies performed in the developing Drosophila embryo have suggested a pivotal role of Par3/Baz in the formation and regulation of AJs [START_REF] Harris | Adherens junction assembly and function in the Drosophila embryo[END_REF]. Indeed, in the cellularizing early embryo, small clusters of E-Cad/Catenin complexes co-localize apically with clusters of Par3/Baz protein, but their initial localizations appear independent [START_REF] Harris | Adherens junction-dependent and -independent steps in the establishment of epithelial cell polarity in Drosophila[END_REF].

However, in the absence of Par3/Baz these small initial E-Cad clusters fail to grow and expand as spot AJs [START_REF] Mcgill | Independent cadherin-catenin and Bazooka clusters interact to assemble adherens junctions[END_REF], suggesting that early AJs require Par3/Baz function, at least to expand, even though the exact mechanisms remain unclear but likely involve redundant mechanisms affecting the cytoskeleton and trafficking [START_REF] Mcgill | Independent cadherin-catenin and Bazooka clusters interact to assemble adherens junctions[END_REF]. As development proceeds (gastrulating embryo and later stages) these early spot AJs mature to more robust and stable belt AJs (zonulae adherens) encircling the whole circumference of the epithelial cell apex [START_REF] Harris | Adherens junction assembly and function in the Drosophila embryo[END_REF]. Strikingly, at this stage, E-Cad-based AJs accumulate where the Par3/Baz protein is enriched [START_REF] Mckinley | Assembly of Bazooka polarity landmarks through a multifaceted membrane-association mechanism[END_REF][START_REF] Krahn | Membrane targeting of Bazooka/PAR-3 is mediated by direct binding to phosphoinositide lipids[END_REF]. This correlation is also seen in the gastrulating Drosophila embryo during germ-band extension when Par3/Baz, excluded from the shrinking myosin II-rich membranes by a direct phosphorylation by Rho-kinase ROCK (Rok in Drosophila; Fig. 2), is planar polarized and accumulates along the expanding cell-cell junctions running parallel to the antero-posterior axis of the embryo, and co-localizes with an enrichment of the AJ component Arm [START_REF] Zallen | Patterned gene expression directs bipolar planar polarity in Drosophila[END_REF][START_REF] Simões S De | Rho-kinase directs Bazooka/Par-3 planar polarity during Drosophila axis elongation[END_REF][START_REF] Bertet | Myosin-dependent junction remodelling controls planar cell intercalation and axis elongation[END_REF]. The current evidence supports therefore an important role for Par3/Baz as a landmark for AJs localization, regulation and remodeling in these different Drosophila epithelia [START_REF] Mckinley | Assembly of Bazooka polarity landmarks through a multifaceted membrane-association mechanism[END_REF][START_REF] Walther | Crumbs/DaPKC-dependent apical exclusion of Bazooka promotes photoreceptor polarity remodeling[END_REF] (Fig. 2).

In mammalian cells, the role of Par3 has been primarily associated with the formation and stabilization of ZO-1-containing tight junctions (TJs Fig. 2; [START_REF] Chen | Par-3 controls tight junction assembly through the Rac exchange factor Tiam1[END_REF]). However, TJs and E-Cad-based AJs are in very close proximity in mammalian cells [START_REF] Harder | SnapShot: tight and adherens junction signaling[END_REF] and photon microscopy is insufficient to unmistakably separate them. Moreover, TJs and AJs share common mechanisms of formation and most likely influence and stabilize each other. For instance, in MDCK cells, Par3 depletion results in both AJ (marked with E-Cad) and TJ (marked with ZO-1) defects [START_REF] Ooshio | Cooperative roles of Par-3 and afadin in the formation of adherens and tight junctions[END_REF] suggesting that beyond its role on TJ, a role for Par3 in AJs might have been overlooked. Indeed, mouse primary mammary epithelial cells depleted of Par3 in the context of Notch or Ras oncogenic activation, exhibit increased tumor formation and cell invasiveness, and a dramatic disorganization of AJs and E-Cad expression at the plasma membrane [START_REF] Mccaffrey | Loss of the Par3 polarity protein promotes breast tumorigenesis and metastasis[END_REF]. More direct evidence of the conserved role of Par3 in mammalian AJs stabilization was recently obtained in MCF-10A immortalized human mammary cells stably transfected with the ErbB2 tyrosine kinase receptor. In these cells, Par3 knock-down by shRNA triggered decreased cell-cell adhesion, increased E-Cad membrane mobility and less stable AJs [START_REF] Xue | Loss of Par3 promotes breast cancer metastasis by compromising cell-cell cohesion[END_REF].

Mechanisms of Adherens Junction regulation by Par3

Even though Par3 regulates AJ formation and stability at multiple steps, the exact mechanisms by which it exerts its actions require further studies. Through its different binding partners Par3 has been shown to regulate E-Cad/Catenin complex turnover and traffic, the dynamics of the actin cytoskeleton, and the linkage between E-Cad and the underlying actin network. It is noteworthy that these different processes are all very sensitive to protein complex formation and to the phosphorylation status of the proteins involved, and in particular E-Cad and the Catenins (Fig. 1 and Table 2).

The link between Par3 and the local activity of kinases and phosphatases represents therefore a promising avenue for future studies.

In multiple organisms, from invertebrates to humans, Par3 has been shown to interact with Par6 and atypical PKC (PKCζ/aPKC; Table 1), to form the so-called Par complex [START_REF] St Johnston | Cell polarity in eggs and epithelia: parallels and diversity[END_REF][START_REF] Tepass | The apical polarity protein network in Drosophila epithelial cells: regulation of polarity, junctions, morphogenesis, cell growth, and survival[END_REF][START_REF] Wodarz | Establishing cell polarity in development[END_REF][START_REF] Lin | A mammalian PAR-3-PAR-6 complex implicated in Cdc42/Rac1 and aPKC signalling and cell polarity[END_REF][START_REF] Joberty | The cell-polarity protein Par6 links Par3 and atypical protein kinase C to Cdc42[END_REF]. This complex is required to establish and maintain apicobasal polarity by defining the identity of the apical side. In Drosophila, despite a physical interaction, Par3/Baz is actually segregated from Par-6/aPKC in mature epithelial cells, and accumulates at the level of AJs (Fig. 2). Par-6 and aPKC, together with the small GTPase cdc42 but independently of Par3/Baz, control E-Cad endocytosis preventing its apical accumulation [START_REF] Harris | Cdc42 and Par proteins stabilize dynamic adherens junctions in the Drosophila neuroectoderm through regulation of apical endocytosis[END_REF][START_REF] Georgiou | Cdc42, Par6, and aPKC regulate Arp2/3-mediated endocytosis to control local adherens junction stability[END_REF][START_REF] Leibfried | Drosophila Cip4 and WASp define a branch of the Cdc42-Par6-aPKC pathway regulating Ecadherin endocytosis[END_REF]. Because reports have suggested that Par3 could have an inhibitory effect on PKCζ/aPKC [START_REF] Lin | A mammalian PAR-3-PAR-6 complex implicated in Cdc42/Rac1 and aPKC signalling and cell polarity[END_REF][START_REF] Joberty | The cell-polarity protein Par6 links Par3 and atypical protein kinase C to Cdc42[END_REF], it is tantalizing to propose that the accumulation of Par3/Baz at the level of AJs prevents cdc42/Par-6/aPKC mediated E-Cad endocytosis to stabilize E-Cad complexes at the AJ level, even though this has not yet been formally demonstrated. In mammalian cells, Par3 has been observed both at AJs and the more apical TJs suggesting that Par3 might not actually segregate from the Par6/PKCζ territory (Fig. 2). However, being confined in the same broad domain does not exclude mutual antagonisms in more discrete sub-domains.

In mammalian cells, Par3 has been shown to interact with the RacGEF Tiam1 [START_REF] Chen | Par-3 controls tight junction assembly through the Rac exchange factor Tiam1[END_REF][START_REF] Mertens | The Rac activator Tiam1 controls tight junction biogenesis in keratinocytes through binding to and activation of the Par polarity complex[END_REF][START_REF] Nishimura | PAR-6-PAR-3 mediates Cdc42-induced Rac activation through the Rac GEFs STEF/Tiam1[END_REF]. Functional assays in MDCK cultured epithelial cells show that Par3 inhibits Tiam1 activity leading to an inhibition of Rac1 signaling to stabilize TJ formation [START_REF] Chen | Par-3 controls tight junction assembly through the Rac exchange factor Tiam1[END_REF]. Similar observations have been made using the Drosophila pupal notum columnar epithelia where Par3/Baz inhibits the activity of Sif, the Drosophila orthologue of Tiam1 [START_REF] Georgiou | Cdc42, Par6, and aPKC regulate Arp2/3-mediated endocytosis to control local adherens junction stability[END_REF], supporting a model where Par3/Baz through the inhibition of Tiam1, inhibits Rac1 signaling to the actin cytoskeleton and its protrusive activity to promote the switch towards Rho signaling and its effect on actin cable formation and consequent stabilization of AJs (Reviewed in [START_REF] Collinet | Stability and dynamics of cell-cell junctions[END_REF]; Fig. 1).

Par3 also binds to the FERM domain containing protein Nf2 (a.k.a. Merlin), which serves as a linker with α-Cat. Nf2 is required for Par3 and E-Cad stabilization at AJs in mouse keratinocytes [START_REF] Gladden | The NF2 tumor suppressor, Merlin, regulates epidermal development through the establishment of a junctional polarity complex[END_REF] suggesting a model where Nf2 and Par3 through the recruitment of α-Cat stabilize E-Cad complexes at AJs. However, in Drosophila, the two Nf2 orthologues, Expanded and Merlin, act redundantly on membrane protein trafficking, and opposite to what could be expected from the before-mentioned study, E-Cad (as well as other membrane proteins) accumulate at the plasma membrane in expanded and merlin mutant clones [START_REF] Maitra | The tumor suppressors Merlin and Expanded function cooperatively to modulate receptor endocytosis and signaling[END_REF], indicating that more studies are required to evaluate whether this role of Nf2 is limited to mouse keratinocytes or more general.

Par3 apico-basal restriction

Par3 localization is one of the critical factors that regulate AJs. Stabilizing/recruiting Par3 to certain sub-domains of the plasma membrane will govern local stabilization of the E-Cad complex clustering, controlling where AJs are stable. Remodeling patterns of AJs correlate with Par3 membrane association. Par3/Baz accumulates at the interface of the apical and baso-lateral membrane domains where AJs form [START_REF] Tepass | The apical polarity protein network in Drosophila epithelial cells: regulation of polarity, junctions, morphogenesis, cell growth, and survival[END_REF][START_REF] Harris | The positioning and segregation of apical cues during epithelial polarity establishment in Drosophila[END_REF]. In Drosophila and in mammals, it appears to be achieved by a conjunction of exclusion mechanisms from both the most apical and baso-lateral domains (Fig. 2).

In Drosophila, apical Par3/Baz is excluded by the conjunction of two mechanisms (Fig. 2). First, following its physical binding to the apical Par-6/aPKC complex, Par3/Baz is phosphorylated by aPKC on S980 which further prevents its association with aPKC, resulting in the release of Par3/Baz from the Par-6/aPKC apical complex [START_REF] Walther | Crumbs/DaPKC-dependent apical exclusion of Bazooka promotes photoreceptor polarity remodeling[END_REF][START_REF] Morais-De-Sá | aPKC phosphorylation of Bazooka defines the apical/lateral border in Drosophila epithelial cells[END_REF]. However, exclusion from the most apical part of the cell is also achieved by a second mechanism involving the large transmembrane protein and apical marker Crumbs (Crb). Par-6 can bind, via its PDZ domain, to both Baz and the Crb intracellular cytoplasmic C-tail. These interactions have been shown to be mutually exclusive, and the presence of Crb at the most apical part of epithelial cells excludes Baz by engaging Par-6, [START_REF] Walther | Crumbs/DaPKC-dependent apical exclusion of Bazooka promotes photoreceptor polarity remodeling[END_REF][START_REF] Morais-De-Sá | aPKC phosphorylation of Bazooka defines the apical/lateral border in Drosophila epithelial cells[END_REF]. The system is further refined as other apical factors such as Stardust (Sdt), the Drosophila orthologue of the mammalian Pals1, can also bind to Par3/Baz, and Crb or Par-6, to modulate complex formation [START_REF] Krahn | Formation of a Bazooka-Stardust complex is essential for plasma membrane polarity in epithelia[END_REF]. This intricate network of interactions between Par3/Baz, Par-6, aPKC, Crb, and Pals1/Sdt that matures in epithelial cells to ultimately resolve with the apical exclusion of Par3/Baz, appears to correspond to the re-wiring of the initial network responsible for setting up the apico-basal polarity [START_REF] St Johnston | Cell polarity in eggs and epithelia: parallels and diversity[END_REF][START_REF] Tepass | The apical polarity protein network in Drosophila epithelial cells: regulation of polarity, junctions, morphogenesis, cell growth, and survival[END_REF][START_REF] Wodarz | Establishing cell polarity in development[END_REF]. Evolving from this initial network to the mature epithelial network likely involves subtle modifications in some of its parameters such as relative abundance of the different factors, strength of the different protein/protein interactions, and presence or absence of additional factors regulating protein complex formation such as accessory scaffolds, and phosphatases that could control the balance between phosphorylated and un-phosphorylated S980.

In Drosophila epithelial cells, Par3/Baz is also excluded by the activity of the basolateral resident kinase Par-1 (also known as EMK1/MARK2 in humans; Fig. 2). Par-1 phosphorylates Par3/Baz on S151 and S1085 generating 14-3-3 protein binding sites preventing Par3/Baz oligomerization and its binding to aPKC [START_REF] Benton | Drosophila PAR-1 and 14-3-3 inhibit Bazooka/PAR-3 to establish complementary cortical domains in polarized cells[END_REF]. This results in the exclusion of Par3/Baz from the baso-lateral membranes, even though the mechanisms are not entirely clear, but might involve a recently described Par3/Bazcentrosome pathway where the authors speculate that 14-3-3-bound Par3/Baz could be targeted to the microtubules [START_REF] Jiang | A Par-1-Par-3-Centrosome Cell Polarity Pathway and Its Tuning for Isotropic Cell Adhesion[END_REF]. This double exclusion mechanism of Par3/Baz from the most apical and basal part is generally conserved in mammalian epithelial cells. Par3 is phosphorylated by the Ser/Thr kinases PKCζ/ι (atypical protein kinase C zeta/iota; Table 1) on S827 preventing its binding to PKCζ, and promoting the spreading of Par3 to the junctional part of the cell. Par3 is also a substrate of Par1 (EMK1/MARK2) creating 14-3-3 binding sites excluding Par3 from the most basal part of epithelial cells [START_REF] Hirose | Involvement of ASIP/PAR-3 in the promotion of epithelial tight junction formation[END_REF][START_REF] Nagai-Tamai | Regulated proteinprotein interaction between aPKC and PAR-3 plays an essential role in the polarization of epithelial cells[END_REF][START_REF] Hurd | Phosphorylation-dependent binding of 14-3-3 to the polarity protein Par3 regulates cell polarity in mammalian epithelia[END_REF].

The Ser/Thr protein phosphatase 1 (PP1) is required for the dephosphorylation of Par3 at several key serine residues, thereby regulating its association with 14-3-3 proteins and PKCζ [START_REF] Traweger | Protein phosphatase 1 regulates the phosphorylation state of the polarity scaffold Par-3[END_REF]. This dual exclusion mechanism stabilizes Par3/Baz at the interface of the apical and basal domains, where AJs will form (Fig. 2). Nevertheless, since apical and basolateral domains antagonize each other's activity (Fig. 2), the dynamic equilibrium between them will ultimately define their relative sizes [START_REF] Tepass | The apical polarity protein network in Drosophila epithelial cells: regulation of polarity, junctions, morphogenesis, cell growth, and survival[END_REF][START_REF] Bilder | Integrated activity of PDZ protein complexes regulates epithelial polarity[END_REF], and thus the size and localization of the domain competent to accumulate Par3/Baz and form AJs.

Movements and remodeling of AJs along the apico-basal axis, or apical fattening of AJs seen during epithelial type transitions (squamous -cuboidal -columnar, see chapter 2) or during morphogenesis (such as apical constriction, see chapter 2) are ultimately controlled by these antagonistic interactions and their consequences on Par3/Baz localization [START_REF] St Johnston | Epithelial polarity and morphogenesis[END_REF]. It would be interesting to re-examine the morphogenesis and AJ remodeling models to study whether patterns of AJ stability could be correlated with subtle changes in the relative sizes of these lateral Par3 exclusion domains.

Par3 retention

Baz/Par3 is not only excluded from both the apical and basal sides of epithelial cells, it is also specifically retained at the level of AJs (Fig. 3).

Par3 and Baz bind to phospho-inositides, and in particular PIP2 and PIP3 that are found along the apical and basal membranes, and the PIP2/PIP3-binding domain of Par3/Baz is critical for its membrane localization [START_REF] Krahn | Membrane targeting of Bazooka/PAR-3 is mediated by direct binding to phosphoinositide lipids[END_REF][START_REF] Horikoshi | Phosphoinositide binding by par-3 involved in par-3 localization[END_REF]. Recently, studies in Drosophila have suggested that apically-enriched PIP2 is the crucial phospho-inositide for Baz membrane recruitment and AJ formation in the follicular epithelial cells [START_REF] Claret | PI(4,5)P2 produced by the PI4P5K SKTL controls apical size by tethering PAR-3 in Drosophila epithelial cells[END_REF]. Interestingly, in both mammals and Drosophila, Par3/Baz binds the PTEN phosphatase [START_REF] Von Stein | Direct association of Bazooka/PAR-3 with the lipid phosphatase PTEN reveals a link between the PAR/aPKC complex and phosphoinositide signaling[END_REF][START_REF] Feng | Par-3-mediated junctional localization of the lipid phosphatase PTEN is required for cell polarity establishment[END_REF], which converts PIP3 to PIP2. PTEN was recently shown to control morphogenesis in the Drosophila wing epithelia, at least in part through AJ remodeling and myosin II localization [START_REF] Bardet | PTEN controls junction lengthening and stability during cell rearrangement in epithelial tissue[END_REF]. It is tempting to propose that the localized PIP2/PIP3 balance controlled by PTEN, impacts subtle changes in the ability of Baz to associate with the membrane, and affects AJ remodeling and dynamics, even though this remains yet to be proven.

Par3 binds several AJ resident proteins involved in its retention at the interface between apical and basal domains. In Drosophila, the PDZ domains of Par3/Baz bind both to the C-termini of the adhesion molecule Echinoid (Ed) and the β-Cat orthologue Arm [START_REF] Wei | Echinoid is a component of adherens junctions that cooperates with DE-Cadherin to mediate cell adhesion[END_REF] (Fig. 3). It remains, however, controversial whether these two interactions are critical, or if they are required in different epithelial tissues since AJs form normally when these interactions are impaired [START_REF] Mcgill | Independent cadherin-catenin and Bazooka clusters interact to assemble adherens junctions[END_REF][START_REF] Laplante | Differential expression of the adhesion molecule Echinoid drives epithelial morphogenesis in Drosophila[END_REF]. More subtle effects, and redundant action between Arm and Ed, or with an as yet un-identified other AJ resident factor cannot be excluded. It is noteworthy that Par3 binds to the C-terminus of the Nectin AJ regulators in mammalian cells, weak orthologues of Ed [START_REF] Ooshio | Cooperative roles of Par-3 and afadin in the formation of adherens and tight junctions[END_REF][START_REF] Takekuni | Direct binding of cell polarity protein PAR-3 to cell-cell adhesion molecule nectin at neuroepithelial cells of developing mouse[END_REF]. This evolutionarily conserved interaction suggests a key role for the Nectin-Par3 interaction in AJ regulation, even though this still remains unclear in Drosophila.

A new apical complex regulating Par3 apical localization

Several studies made in mammalian cells demonstrated that the p53-binding partner ASPP2 is localized at the level of the apical junction complexes in MDCK and mouse neuro-epithelial cells. It overlaps there with Par3 and the TJ marker ZO-1, as well as with the most apical part of the AJs [START_REF] Sottocornola | ASPP2 binds Par-3 and controls the polarity and proliferation of neural progenitors during CNS development[END_REF][START_REF] Cong | ASPP2 regulates epithelial cell polarity through the PAR complex[END_REF] (Fig. 4). More importantly, ASPP2 binds to Par3 and is required for the correct Par3 apical localization. TJs are strongly delayed in ASPP2 knock-down cells, as well as in cells overexpressing the ASPP2 destabilizing enzyme Siah2 (an E3 ubiquitin-protein ligase) [START_REF] Sottocornola | ASPP2 binds Par-3 and controls the polarity and proliferation of neural progenitors during CNS development[END_REF][START_REF] Cong | ASPP2 regulates epithelial cell polarity through the PAR complex[END_REF][START_REF] Kim | Siah2 regulates tight junction integrity and cell polarity through control of ASPP2 stability[END_REF]. ASPP2 was also shown to interact with β-Cat at AJs (Fig. 4) in human mammary cells MCF-10A, where it was proposed to inhibit β-Cat accumulation and transport to the nucleus, thus preventing ZEB1 expression and E-Cad gene repression [START_REF] Wang | ASPP2 controls epithelial plasticity and inhibits metastasis through β-catenin-dependent regulation of ZEB1[END_REF]. It emerges that ASPP2 is an apical junction promoter, and in particular AJs, via the binding to both Par3 and β-Cat. In Drosophila, the unique ASPP orthologue is required for E-Cad based AJ integrity at least in part through its activation of Csk activity (an inhibitor of the Src kinase [START_REF] Langton | Drosophila ASPP regulates Cterminal Src kinase activity[END_REF], see 1.3). Furthermore, in the developing Drosophila pupal eye ASPP is required both for Par3/Baz recruitment at the membrane at AJ level, and for the integrity of the E-Cad belt found around the cortex of inter-ommatidial epithelial cells [START_REF] Zaessinger | Drosophila MAGI interacts with RASSF8 to regulate E-Cadherin-based adherens junctions in the developing eye[END_REF]. No direct binding between ASPP and Par3/Baz has been documented in the fly, so the actual mechanism by which ASPP brings Par3/Baz to the membrane in Drosophila remains elusive.

A remaining key question is what brings ASPP to the cortex and at the level of future AJs? The situation in mammalian cells is complex: while ASPP2 is required for correct localization of Par3 at junction sites, reciprocally Par3 is required for ASPP2 localization [START_REF] Sottocornola | ASPP2 binds Par-3 and controls the polarity and proliferation of neural progenitors during CNS development[END_REF][START_REF] Cong | ASPP2 regulates epithelial cell polarity through the PAR complex[END_REF][START_REF] Hauri | Interaction proteome of human Hippo signaling: modular control of the coactivator YAP1[END_REF]. This could reflect the early role of Par3 in setting up the apico-basal axis, rather than its more dedicated role in junction specification. In the Drosophila pupal eye, ASPP localization is not dramatically affected in Par3/Baz mutant cells, ruling out Par3/Baz as the primary anchor of ASPP in the fly [START_REF] Zaessinger | Drosophila MAGI interacts with RASSF8 to regulate E-Cadherin-based adherens junctions in the developing eye[END_REF].

However, ASPP correct AJ localization is mediated by its physical interaction with the RASSF8 scaffolding protein, and RASSF8 or ASPP mutant cells show a similar pattern of interrupted AJs [START_REF] Langton | The dASPP-dRASSF8 complex regulates cell-cell adhesion during Drosophila retinal morphogenesis[END_REF]. We have recently shown that in Drosophila the scaffold Magi is the upstream anchor, and that through its physical interaction with RASSF8, Magi controls ASPP and Par3/Baz localization at AJs and regulates the integrity of E-Cad junctions [START_REF] Zaessinger | Drosophila MAGI interacts with RASSF8 to regulate E-Cadherin-based adherens junctions in the developing eye[END_REF] (Fig. 4). The genetic requirement for Magi and RASSF8 are, however, limited to a small time window during pupal eye development suggesting that the Magi-RASSF8-ASPP axis of Par3/Baz localization at AJs is redundant with other mechanisms [START_REF] Zaessinger | Drosophila MAGI interacts with RASSF8 to regulate E-Cadherin-based adherens junctions in the developing eye[END_REF], such as interaction with β-Cat [START_REF] Wei | Echinoid is a component of adherens junctions that cooperates with DE-Cadherin to mediate cell adhesion[END_REF], or with the double exclusion machineries described before (Fig. 2 and Fig. 3). In the nematode C. elegans, MAGI-1 interacts genetically with the Cadherin/Catenins complex to define junction domains [START_REF] Lynch | A genome-wide functional screen shows MAGI-1 is an L1CAM-dependent stabilizer of apical junctions in C. elegans[END_REF]. In mammalian cells, there are three Magi orthologues, MAGI1, 2, and 3. They have been shown to regulate TJ and AJ formation and invasiveness (reviewed in [START_REF] Feng | Regulation and involvement in cancer and pathological conditions of MAGI1, a tight junction protein[END_REF]). Of note, this AJ stabilizing effect of MAGI scaffolds has been proposed to be mediated by physical interactions with β-Cat [START_REF] Kotelevets | Implication of the MAGI-1b/PTEN signalosome in stabilization of adherens junctions and suppression of invasiveness[END_REF][START_REF] Subauste | Vinculin controls PTEN protein level by maintaining the interaction of the adherens junction protein beta-catenin with the scaffolding protein MAGI-2[END_REF], with PTEN [START_REF] Wu | Evidence for regulation of the PTEN tumor suppressor by a membrane-localized multi-PDZ domain containing scaffold protein MAGI-2[END_REF][START_REF] Wu | Interaction of the tumor suppressor PTEN/MMAC with a PDZ domain of MAGI3, a novel membrane-associated guanylate kinase[END_REF], or with regulators of the junction remodeling small GTPase Rap1 [START_REF] Mino | Membrane-associated guanylate kinase with inverted orientation (MAGI)-1/brain angiogenesis inhibitor 1-associated protein (BAP1) as a scaffolding molecule for Rap small G protein GDP/GTP exchange protein at tight junctions[END_REF][START_REF] Sakurai | MAGI-1 is required for Rap1 activation upon cell-cell contact and for enhancement of vascular endothelial cadherin-mediated cell adhesion[END_REF]. A role for MAGI scaffolds on the actin cytoskeleton is therefore suggested by this link with Rap1 signaling [START_REF] Pannekoek | Cell-cell junction formation: the role of Rap1 and Rap1 guanine nucleotide exchange factors[END_REF], but also by the physical interactions of MAGI1 with the actin binding proteins alpha-actinin-4 and synaptopodin in MDCK cells [START_REF] Patrie | Interaction of two actin-binding proteins, synaptopodin and alpha-actinin-4, with the tight junction protein MAGI-1[END_REF]. Interestingly, in biochemical studies, MAGI1 was shown to bind directly to ASPP2 [START_REF] Pirozzi | Identification of novel human WW domain-containing proteins by cloning of ligand targets[END_REF], suggesting that a common ASPP-MAGI axis regulating AJs, likely through the localization of Par3, could be conserved from Drosophila to human (Fig. 4). Whether mammalian orthologues of RASSF8 are also involved in the complex remains to be explored, but a role of the RASSF7-10 scaffold family (the RASSF with the Ras association domain in the N-terminal) is supported by the observation that RASSF8 is found at the level of AJs co-localizing with E-Cad and β-Cat in several human lung cancer cell lines, and that RASSF8 depletion leads to AJ destabilization [START_REF] Lock | The RASSF8 candidate tumor suppressor inhibits cell growth and regulates the Wnt and NF-kappaB signaling pathways[END_REF], reminiscent of the role proposed for its Drosophila

counterpart.

Many open questions regarding this emerging MAGI-RASSF8-ASSP complex remain, including the evolutionary conservation of some of the protein interactions in the complex, and the potential cross regulations with the other Par3 localization and AJ regulation machineries.

CONCLUSIONS

E-Cad based AJs are a crucial structure of epithelial cells. Even though their primary role is to mediate intercellular adhesion, they participate in the overall polarization of epithelial cells to segregate apical and basal membrane compartments, and to polarize organelles and intracellular traffic. They engage in complex feedback interactions with the actin-myosin cytoskeleton network and are hotspots to integrate tissue force sensing, and to assemble cell signaling platforms. Despite these key cellular functions, AJs that seem stable on a short time-scale, appear very plastic on a longer time-scale, a feature that is critical for tissue morphogenesis and cell shape changes.

In this review, we have discussed the recent findings regarding the ever more 

  elaborate mechanisms ensuring the correct localization and remodeling of AJs by the epithelial polarity machineries and in particular the Par3 apical scaffold. The correct localization and stability of Par3 scaffolds is under the tight control of many other scaffolds, and ultimately regulated by numerous phosphorylation/de-phosphorylation events such as by the apico-basal polarized aPKC/PKCζ and PAR1 kinases, or the planar polarized ROCK kinase, in Drosophila and mammals. The recent identification in Drosophila of a Magi/RASSF8/ASPP complex regulating both Par3/Baz recruitment and the activity of Csk, a negative regulator of SFK, opens the exciting prospect that SFK activity could be regulating Par3 localization and/or activity as was suggested by studies in human cell lines, where Par3 is phosphorylated on tyrosine by the SFK members c-Src and c-Yes, releasing the LIM kinase 2 (LIMK2) to promote junction formation [157]. The integration of Par3/Baz, and other key apical scaffolds, with the reversible phosphorylation events controlling the stability and strength of the E-Cad complexes will contribute to a better understanding of the dynamics controlling AJ stability and remodeling during normal epithelial development and pathology.
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 1 Figure 1. Core E-Cadherin/Catenin complexes at Adherens Junctions and their
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 2 Figure 2. Apical restriction of Par3/Baz localization by inhibitory kinases.
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 3 Figure 3. Adherens Junction retention of Par3/Baz.

Figure 4 .

 4 Figure 4. A MAGI-ASPP network to localize Par3/Baz at the Adherens Junction.

Table 1 : Human genes and their Drosophila orthologues involved in Adherens Junctions establishment and remodeling Human gene Drosophila gene

 1 

	E-CADHERIN (CDH1)	E-Cadherin, a.k.a. shotgun (shg)
	β-CATENIN (CTNNB)	Armadillo (arm)
	α-CATENIN (CTNNA)	α-Catenin (α-Cat)
	p120-CATENIN (CTNND)	p120-Catenin (p120ctn)
	NECTIN	Echinoid (Ed)?
	TIAM1	still life (sif)
	SRC	Src42A and Src64B
	SYK	Shark
	CSK	Csk
	CK1α	Ck1α
	CK1ε	discs overgrown (dco)
	CK1γ	gilgamesh (gish)
	ROCK	Rho kinase (Rok)
	PARD3 (Par3)	bazooka (baz)
	PAR6	par-6
	PKCζ	aPKC
	CRB1, 2, 3	Crumbs (crb)
	PALS1	Stardust (sdt)
	PAR1	par-1
	PTEN	Pten
	MAGI1, 2, 3	Magi
	RASSF7, 8	RASSF8
	ASPP1, 2	ASPP
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AJ, adherens junction; +, stabilizing effect on intercellular junctions; --, destabilizing effect on intercellular junctions; ND, not determined; SFK, Src--family kinases; S, serine; T, threonine; Y, tyrosine. Unless specified amino acid numbers correspond to the human orthologues.