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82 phosphorylation of a conserved region at the N-terminus of β-catenin. This event promotes 83 the recruitment of the β-TRCP1 E3-ubiquitin ligase and therefore leads to β-catenin 84 proteasome-mediated degradation. The destruction complex is regulated by the secreted 85 glycoprotein Wnt which binds to a plasma membrane heterodimer including a Frizzled (FZD) 86 family member and one of the Wnt co-receptors, LRP5 or LRP6 (LRP5/6). Wnt binding to the 87 FZD-LRP5/6 complex results in the successive recruitment of Dishevelled and the Axin-88 GSK3 complex. GSK3 in turn phosphorylates the C-terminus domain of LRP5/6. 89 Phosphorylated LRP5/6 has high affinity for Axin which in turn leads to accumulation of β-90 catenin and its translocation into the nucleus, where it acts as a transcriptional co-activator by 91 binding to and modulating the activity of the Tcf/Lef family of DNA-binding proteins. In the 92 absence of Wnts, β-catenin is constitutively targeted for proteolysis impairing transcriptional 93 events [START_REF] Angers | Proximal events in Wnt signal transduction[END_REF]. In organized epithelial sheets, Wnt signaling is low but the contribution of 94 scaffold proteins to the inhibition of the Wnt/β-catenin remains unclear and might be due to 95 the inhibitory role of adherens junctions and apical-basal polarity complexes [START_REF] Basu | Cell-cell adhesion: linking Wnt/beta-484 catenin signaling with partial EMT and stemness traits in tumorigenesis[END_REF]. 96 Very few is known about the interactomes of SCRIB and LANO which consists at the 97 moment of 67 and 30 protein partners, respectively, with only 9 common partners (BioGRID, 98 version 3.5). Our study uncovers the proteomes associated with SCRIB and LANO and 99 provides, for the first time, a deep comparative analysis of protein interactomes associated to 100 these paralogues. We also identified a protein complex associated with SCRIB, which is 101 stabilized by the inhibition of the proteasome, and further characterized SCRIB act as 102 negative modulator of Wnt/β-catenin signaling. 232 of the 390 proteins found associated with SCRIB were already known as SCRIB partners in 233 BioGRID, among them a subset of proteins previously characterized by our laboratory and 234 others including ARGHEF7 [START_REF] Audebert | Mammalian Scribble 520 forms a tight complex with the betaPIX exchange factor[END_REF], PAK [START_REF] Nola | Scrib regulates PAK activity 522 during the cell migration process[END_REF] and SHOC2 [START_REF] Young | An MRAS, 524 SHOC2, and SCRIB complex coordinates ERK pathway activation with polarity and 525 tumorigenic growth[END_REF], validating our approach (Fig. 235 1B and Table S1). Similarly, we identified 474 proteins associated with LANO (Fig. 1C and 236 Table S1). Of these, 2% were known LANO interacting partners in BioGRID (Fig. 1C and 237 Table S2). We found that SCRIB was present in the LANO protein complex and conversely 238 that LANO was present in the SCRIB protein complex. We validated these results by 239 conducting co-immunoprecipitation assays followed by western blot analysis. We used stable 240 cell lines expressing either FLAG-SCRIB or FLAG-LANO. After cell lysis and 241 immunoprecipitation using -FLAG antibody, we monitored the presence of LANO and 242 SCRIB using a specific antibody able to recognize the LRR domains of the two paralogs. We 243 found that LANO co-immunoprecipitates with SCRIB confirming our MS results (Fig. 1D).

244 We next analyzed our data set to discriminate common and specific proteins bound to either 245 SCRIB or LANO (Fig. 1E and Table S3). 30% proteins are common to SCRIB and LANO S4). Several PDZ domain containing proteins were found in the SCRIB 248 and LANO interactomes. 6 proteins (DVL2, PDLIM7, TJP2, ARHGAP21, MAGI1, MPP2) 249 were common to the two paralogues whereas 4 were specific to LANO (DLG1, CASK, 250 MPP7, LIN7C and and SNX27) and 5 to SCRIB (PDZ8, GOPC, SIPA1L1, SIPA1L2, 251 SIPA1L3, PTPN13) (Fig. 1C and Fig. 1E and Table S1 and Table S2). We confirmed in 252 particular our previous findings showing that DLG1 is a specific LANO partner [START_REF] Saito | Lano, a novel LAP 527 protein directly connected to MAGUK proteins in epithelial cells[END_REF].

253 Taken together, we provide the most exhaustive list of proteins associated with either SCRIB 254 or LANO and show that SCRIB and LANO bind to common and different proteins.

255
256 SCRIB is associated with the -catenin destruction complex 257 It has been recently shown that SCRIB acts in the HIPPO pathway by scaffolding -TRCP1, 258 promoting TAZ degradation at the plasma membrane of epithelial cells [START_REF] Cordenonsi | The Hippo transducer 456 TAZ confers cancer stem cell-related traits on breast cancer cells[END_REF]. We did not 259 observe the presence of either TAZ or -TRCP1 among the SCRIB associated proteins. We 260 then asked whether this could be due to protein degradation and thus carried out our 261 proteomic approach after treatment of FLAG-SCRIB expressing HEK293T cells with 262 MG132, a proteasome inhibitor. We compared the list of SCRIB-associated proteins under 263 DMSO or MG132 treatments. We did not observe any variation of SCRIB expression by MS 264 analysis (Fig. 2A and Table S5) or western blot analysis (data not shown) suggesting that 265 SCRIB is a relatively stable protein, poorly sensitive to proteasomal degradation. However, 266 we found that 37 proteins were differentially associated to SCRIB upon inhibition of the 267 proteasome (11 down-regulated and 26 up-regulated proteins). Among the partners, we 381 Finally, β-catenin is a central component of the cadherin cell adhesion complex and plays an 382 essential role in the maintenance of the epithelial structures [START_REF] Nelson | Convergence of Wnt, beta-catenin, and cadherin pathways[END_REF]. Studies have shown that 383 SCRIB subcellular localization is altered in colorectal carcinoma and correlates with 384 intracellular accumulation of β-catenin compared to normal adjacent epithelia [START_REF] Kamei | Human scribble accumulates in 545 colorectal neoplasia in association with an altered distribution of beta-catenin[END_REF].

385 Furthermore, it has been recently shown that SCRIB is required for β-catenin localization at 386 the plasma membrane in order to maintain the integrity of tight junctions [36]. Our findings 387 suggest that deregulation of expression of SCRIB may potentiate Wnt/β-catenin signaling and 388 promotes cancer development. 

  kinases CK1α and GSK3α/β, and functions by catalyzing the serine/threonine
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 6 Materials and Methods106 Plasmid constructs and reagents 107 The cDNA encoding human SCRIB and lANO were cloned into pIRES-puro-FLAG, 108 plasmids[START_REF] Angers | The KLHL12-Cullin-486 3 ubiquitin ligase negatively regulates the Wnt-beta-catenin pathway by targeting Dishevelled 487 for degradation[END_REF]. Antibodies purchased were mouse anti-FLAG M2 (Sigma), anti-β-catenin 109 (Santa Cruz), anti-SCRIB (Santa Cruz). The following sequences of siRNA were used to 110 target SCRIB: SCRIB (#05) GACCGCGUCCUCUCUAUUA, SCRIB (#06) 111 GGACGACGAGGGCGAUAUUC. 112 113 Tissue culture and transfection 114 HEK293T cells were grown in Dulbecco's modified Eagle medium (DMEM; Sigma) 115 supplemented with 10% fetal bovine serum (FBS; Invitrogen) and penicillin/streptomycin 116 (Bioshop) in a 37°C humidified incubator with 5% CO2. Stable cell lines were generated 117 either by calcium phosphate transfection or polyethylenimine (PEI) transfection. 118 119 Immunopurification 120 5x10 7 HEK293T cells expressing either FLAG-SCRIB or FLAG-LANO were used for 121 affinity purification procedure. Briefly, cells were lysed and solubilized in TAP lysis buffer 122 (0.1% Igepal CA 630, 10% glycerol, 50mM Hepes-NaOH; pH 8.0, 150mM NaCl, 2mM 123 EDTA, 2mM DTT, 10mM NaF, 0.25mM NaOVO3, 50mM β-glycerophosphate, and protease 124 inhibitor cocktail (Calbiochem). After 30 min centrifugation at 40,000xg (18,000 rpm in a 125 Beckman JA20 rotor), the soluble fraction was incubated overnight at 4°C with anti-FLAG 126 M2 agarose beads (Sigma). Beads were washed with 100 volumes of TAP lysis buffer. Beads 127 elution was performed using Laemmli buffer. 128 129 Affinity purification, immunoprecipitation and western blot post-transfection, cells were lysed with the TAP lysis buffer and incubated at 4ºC for 131 1 hour to solubilize proteins. Affinity purification and immunoprecipitations were performed 132 using anti-FLAG-M2 beads (Sigma) for 3 hours at 4°C or using 1µg of anti-SCRIB (Santa 133 Cruz) and 20µL of protein A beds for 3 hours at 4°C. After extensive washes with lysis 134 buffer, proteins were eluted with 2x Laemmli sample buffer and heated at 95ºC for 5 min in 135 the presence of β-mercaptoethanol (Sigma). Whole cell lysates or purified protein samples 136 were resolved by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto 137 Biotrace NT Nitrocellulose Transfer Membranes (GE Healthcare). Western blotting was 138 performed with antibodies as indicated in the figure legends, followed by chemiluminescent 139 detection using appropriate HRP-conjugated antibodies and the ECL (GE Healthcare) reagent. 140 141 MG132 treatment 142 Depending of the experiments, cells were treated with 1 µM or 10 µM MG132 for 16 h or 4 h 143 respectively to inhibit proteasome functions. 144 145 Production of Wnt3a conditioned medium 146 Mouse L cells expressing Wnt3a (CRL-2647) were cultured until reaching 90% confluency. 147 Medium was then collected and refreshed every 2 days for a total of 6 days. Mediua from 148 different days were assayed by TopFlash assays to determine the fractions with maximal 149 activity and subsequently used for Wnt stimulation experiments. Conditioned mediua from 150 parental mouse L cells not producing Wnt3a (CRL-2648) were also collected and used as 151 controls. 152 153 TopFlash reporter assays.
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 8 Lentivirus containing the TopFlash β-catenin-dependent luciferase reporter (firefly luciferase) 155 and Renilla luciferase were produced and used to establish stable HEK293T and MCF10A 156 Wnt-reporter lines. Cells were seeded on 24-well plates, followed by cDNA transfection with 157 Lipofectamine 2000 and/or reverse transfection with Lipofectamine RNAiMax for siRNA 158 experiments. For experiments involving Wnt stimulation, the medium was replaced with a 1:1 159 mix of fresh DMEM-Wnt3a or DMEM-control conditioned medium. The cells were then 160 assayed 24 h after stimulation in accordance with the dual luciferase assay protocol (Promega) 161 using a plate reader (Berthold LB960). 162 163 Immunocytochemistry and confocal microscopy 164 HEK293T cells were grown on poly-D-Lysine (Sigma) treated coverslip and transfected as 165 described in the figure legends. 48 hour post-transfection, cells were fixed in 4% 166 paraformaldehyde, permeabilized with 0.2% Triton X-100 in phosphate buffered saline (PBS) 167 and the non-specific sites were saturated with a 3% BSA (Euromedex) solution in PBS. 168 Samples were immuno-stained with anti-SCRIB (Santa Cruz) or anti-β-catenin (Santa Cruz) 169 antibodies or Phalloidin (Thermo) in 3% BSA. Cells were subsequently labeled with 170 secondary (Thermo) goat anti-goat or mouse antibodies conjugated to Alexa Fluor 488 and 171 Alexa Fluor 594 respectively. Coverslips were mounted and sealed onto slides using 172 ProlongGold antifade reagent with DAPI mounting media (Thermo). Cells were then 173 visualized and images acquired with a Carl Zeiss LSM880 confocal microscope using a Plan-174 Apochromat 63X oil immersion objective. Lasers at 488nm, 543nm and 633nm were 175 triggered independently using the multi-track function of LSM880. Uncompressed images 176 were processed using Zeiss LSM Image browser version ZEN. 177 178 Mass spectrometry analysis.
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  distribution. Thus, iBAQ intensities are roughly proportional to the molar quantities of 205 the proteins. 206 207 Proteome analysis 208 Gene ontology (GO) and enrichment analyses were performed using the database for 209 annotation, visualization, and integrated discovery (DAVID 6.8) [24, 25] using the full dataset 210 as background. Interaction network were generated using STRING's website (version 11.0) at 211 high confidence (0.7) and network is clustered to a specified "MCL inflation parameter = 3" 212 [26, 27]. BioGRID version 3.5.171 was used to extract known SCRIB and LANO interactors 213 [28] [29] [28]. The mass spectrometry proteomics data, including search results, have been 214 deposited to the ProteomeXchange Consortium (www.proteomexchange.org) via the 215 PRIDE[30] partner repository with the dataset identifier PXD013636 and PXD013647. 216 They can be accessed for reviewing purposes with the following login details : 217 Project accession: PXD013636; Username: reviewer40726@ebi.ac.uk; Password: qMsz4H9A 218 Project accession: PXD013647; Username: reviewer18814@ebi.ac.uk; Password: Protein landscapes associated to LANO and SCRIB 223 SCRIB and LANO are paralogue genes that encode proteins sharing 72% sequence homology 224 (Fig 1A). To further study their functions and highlight possible differences and 225 commonalities in term of partners, we used an unbiased proteomic approach to characterize 226 their associated protein complexes. We first generated stable HEK293T cell lines expressing 227 either FLAG-SCRIB or FLAG-LANO. To identify binding partners of SCRIB and LANO, we 228 used a variation of a previously described methodology [31] based on LC-MS/MS analysis of 229 FLAG immunoprecipitates from HEK293T cell extracts expressing either FLAG-SCRIB or 230 FLAG-LANO or FLAG alone. Proteins identified from HEK293T cells expressing FLAG 231 alone were compatred to proteins associated to either FLAG-SCRIB or FLAG-LANO. 3.5%

  are specifically associated to LANO and 191 specifically associated to SCRIB 247 (Fig.1E and Table

391 Figure 1 408 Figure 2

 39114082 Protein landscapes associated to SCRIB and LANO 392 (A) Topology of SCRIB and LANO showing sequence homologies. (B-C) Mass spectrometry 393 analysis of the protein complexes after FLAG immunopurification of proteins from HEK293T 394 cells expressing FLAG-SCRIB (B) or FLAG-LANO (C). Volcano plots showing differential 395 Log2(iBAQ intensity) levels (x axis) and -Log(p-value) (y axis) for SCRIB versus control (B) 396 and LANO versus control (C). The full lines are indicative of significant hits obtained at a 397 Log2 difference of 2 and a -Log p-value of 2 and are highlighted in green for FLAG-SCRIB 398 versus control conditions (B), in red for FLAG-LANO versus control conditions (C) and in 399 grey for proteins with non-significant changes. (D) Immunopurification of FLAG-SCRIB 400 (lane 3) or FLAG-LANO (lane 4) extracted from HEK293T cell lysates using anti-FLAG 401 antibody coupled to sepharose beads allows the identification of a SCRIB (red arrow)-LANO 402 (green arrow) interaction. Expression of FLAG-SCRIB and FLAG-LANO in lysates are 403 shown lane 1 and lane 2 respectively(E) Venn diagram showing number of total proteins (n) 404 or PDZ domain proteins (n (PDZ)) associated to SCRIB and/or LANO. (B-C) Known SCRIB 405 and LANO interactors indexed in BioGRID are highlighted in red and PDZ proteins are 406 highlighted in orange. 407 SCRIB associates to the β-catenin destruction complex 409 A) Volcano plots showing differential Log2(LFQ intensity) levels (x axis) and -Log(p-value) 410 (y axis) for proteins associated to SCRIB under DMSO or MG132 treatments. The dotted 411 lines are indicative of significant hits obtained at a Log2 difference of 2 and a -Log p-value of 412 2 and are highlighted in blue for FLAG-SCRIB under DMSO vs MG132 treatments. Grey 413 spots correspond to proteins with non-significant changes. Of note, we did not observe 414 variation of SCRIB expression by MS analysis following MG132 treatment. (B) Top
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  Fig.3) but not SCRIB/TAZ complex (data not shown) suggesting that very 371 few -catenin is associated to SCRIB under basal conditions. Under MG132 treatment, we 372 were able to easily identify by mass spectrometry -catenin and members of the β-catenin

	370 SCRIB/-catenin (373 (but still not TAZ) destruction complex associated with SCRIB demonstrating that, at least in
	374 our cellular model systems, the SCRIB/-catenin destruction complex is predominant and
	375 regulated directly or indirectly by proteosomal degradation. We next showed that SCRIB
	376 behaves as a negative modulator of this signaling pathway as it does with AKT, ERK or
	377 HIPPO pathways (Fig. 4B). It has been recently shown that LANO represses Wnt/β-catenin
	F o r F o r F o r F o r F 378 signaling and promotes the maintenance of breast cancer stem cells [38]. It would be o r 379 interesting to assess a possible functional cooperation between the two paralogues in this
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268 identified -catenin as a protein specifically associated with SCRIB under MG132 treatment 269 (Fig

2A

). Using David bioinformatic resources

[START_REF] Huang Da | Systematic and integrative analysis of 500 large gene lists using DAVID bioinformatics resources[END_REF][START_REF] Huang Da | Bioinformatics enrichment tools: paths 502 toward the comprehensive functional analysis of large gene lists[END_REF]

, we also observed an enrichment of a 270 subset of proteins associated to SCRIB that are involved in Wnt/-catenin signaling, in
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