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interacting cytoskeleton components and lipids, is critical for maintaining microvilli integrity and function in secretion. Our results provide the first evidence that microvilli-derived extracellular vesicles contribute to Hedgehog long-range signaling activity highlighting their physiological significance in tissue development in vivo.

Hedgehog (Hh) is a well-known long-range morphogen controlling tissue patterning and cell differentiation during embryonic development [START_REF] Briscoe | The mechanisms of Hedgehog signalling and its roles in development and disease[END_REF] . In the Drosophila wing imaginal disc epithelium, Hedgehog produced in posterior cells, signals across the anterior (A)/posterior (P) boundary to induce the expression of short-[i.e. engrailed (En), Patched (ptc)], and long-range [i.e. decapentaplegic (dpp)] target genes in anterior recipient cells. Different modes of carriermediated Hh long-range signaling have been proposed [START_REF] Briscoe | The mechanisms of Hedgehog signalling and its roles in development and disease[END_REF] , including extracellular vesicles (EVs), that arise either from fusion of multivesicular body (MVB) with the plasma membrane (exosomes), or from budding of the plasma membrane (ectosomes also termed microvesicles [START_REF] Van Niel | Shedding light on the cell biology of extracellular vesicles[END_REF] .

Evidences have been provided to suggest that both types of EVs, whose nature is tightly dependent on the site of Hh secretion (apical [START_REF] Ayers | The long-range activity of Hedgehog is regulated in the apical extracellular space by the glypican Dally and preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. the hydrolase Notum[END_REF][START_REF] Matusek | The ESCRT machinery regulates the secretion and long-range activity of Hedgehog[END_REF][START_REF] D'angelo | Endocytosis of Hedgehog through dispatched regulates long-range signaling[END_REF] and/or basolateral secretion [START_REF] Callejo | Dispatched mediates Hedgehog basolateral release to form the longrange morphogenetic gradient in the Drosophila wing disk epithelium[END_REF] ) could mediate Hh long-range activity in Drosophila epithelia [START_REF] Matusek | The ESCRT machinery regulates the secretion and long-range activity of Hedgehog[END_REF][START_REF] Gradilla | Exosomes as Hedgehog carriers in cytoneme-mediated transport and secretion[END_REF][START_REF] Tanaka | FGF-induced vesicular release of Sonic hedgehog and retinoic acid in leftward nodal flow is critical for left-right determination[END_REF][START_REF] Vyas | Vertebrate Hedgehog is secreted on two types of extracellular vesicles with different signaling properties[END_REF] . The apical membrane of epithelial cells is characterized by the presence of microvilli that have been shown to give rise to EVs [START_REF] Marzesco | Release of extracellular membrane particles carrying the stem cell marker prominin-1 (CD133) from neural progenitors and other epithelial cells[END_REF][START_REF] Marzesco | Release of extracellular membrane vesicles from microvilli of epithelial cells is enhanced by depleting membrane cholesterol[END_REF] . However, our understanding of the mechanisms of microvilli-EV biogenesis, and their potential contribution to intercellular communication during development is presently unclear. This is mainly due to the fact that current models describing the origin of microvilli-derived EVs, focus on the relationship between the occurrence of microvilli-derived EVs and specific developmental stages [START_REF] Marzesco | Release of extracellular membrane particles carrying the stem cell marker prominin-1 (CD133) from neural progenitors and other epithelial cells[END_REF] . These studies, which are based on ultrastructural, biochemical and pharmacological observations, reveal only part of the mechanisms of EV biogenesis and do not directly investigate the functional consequences during the developmental process in vivo. To understand the relationship between microvilli, EV biogenesis and their potential significance preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.
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Microvilli that are globally aligned at the apical membrane of epithelial cells, bear proteins of the Prominin family [START_REF] Corbeil | Prominin: a story of cholesterol, plasma membrane protrusions and human pathology[END_REF][START_REF] Fargeas | Characterization of preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. prominin-2, a new member of the prominin family of pentaspan membrane glycoproteins[END_REF][START_REF] Zelhof | Transforming the architecture of compound eyes[END_REF] , and have been shown, in mammalian cells, to give rise to Prominin-containing EVs [START_REF] Marzesco | Release of extracellular membrane particles carrying the stem cell marker prominin-1 (CD133) from neural progenitors and other epithelial cells[END_REF][START_REF] Marzesco | Release of extracellular membrane vesicles from microvilli of epithelial cells is enhanced by depleting membrane cholesterol[END_REF] . Considering this, we examined whether the sorting of Hh to microvilli and their ability to generate EVs could be prerequisites for the EV-mediated deployment of Hh long-range signaling in the Drosophila wing imaginal disc (Fig. 1a). To investigate the formation of microvilli-derived EVs, we monitored the Prominin-like (PromL) protein that has been reported, upon overexpression, to distribute to apical protrusions of Drosophila wing imaginal discs [START_REF] Demontis | Apical and lateral cell protrusions interconnect epithelial cells in live Drosophila wing imaginal discs[END_REF] . To validate the newly generated antibodies raised against the PromL protein (methods and Supplementary Fig. 1a), we analyzed their subcellular distribution in the dorsal wing disc compartment expressing GFP-tagged PromL [START_REF] Demontis | Apical and lateral cell protrusions interconnect epithelial cells in live Drosophila wing imaginal discs[END_REF] driven by apterous-Gal4 driver (ap>PromL-GFP) and compared to the ventral wild-type compartment within the same discs. Endogenous PromL signals massively colocalized with PromL-GFP, distributed at the uppermost apical surface above aPKC, E-cadherin (E-cad) and Dlg (apical, subapical and basolateral markers respectively), was not detected at the basolateral where PromL-GFP was previously observed [START_REF] Demontis | Apical and lateral cell protrusions interconnect epithelial cells in live Drosophila wing imaginal discs[END_REF] , and did not overlap with GFP-tagged Viking (GFP-Vkg, a collagen IV type molecule that labels the basement membrane) [START_REF] Morin | A protein trap strategy to detect GFP-tagged proteins expressed from their endogenous loci in Drosophila[END_REF] (Fig. 1b; Supplementary Fig 1b,c). In addition, PromL fully colocalized with Cad99c, a specific marker of microvilli of ovarian follicle and wing imaginal disc epithelial cells [START_REF] D'alterio | Drosophila melanogaster Cad99C, the orthologue of human Usher cadherin PCDH15, regulates the length of microvilli[END_REF][START_REF] Schlichting | Cadherin Cad99C is required for normal microvilli morphology in Drosophila follicle cells[END_REF] (Supplementary Fig. 1d). Overall, these results show that PromL, is associated with the apical compartment of epithelial wing disc cells, consistent with an association and distribution to microvilli. Next, we functionally tested the impact of PromL protein on microvilli architecture and integrity through knock down (KD) using RNA interference (RNAi) driven by ap> or hedgehog-Gal4 (hh>) to target dorsal or posterior cells respectively. We found that in both genetic backgrounds PromL signal was specifically abrogated (Fig. 1b; Supplementary Fig. 2a).

However, cell polarity (as revealed by aPKC, E-cad and Dlg staining) was not perturbed and apoptosis levels were not increased (as revealed by caspase III staining), indicating an absence of tissue stress in such condition (Fig. 1b; Supplementary Fig. 2b,c). In addition, the wt compartment, displayed the usual dot-like pattern of PromL reflecting a correct organization of microvilli at the apical plasma membrane (Fig. 1a,b; Supplementary Fig. 1e). We conclude that PromL specifically localised and confined to microvilli in the wing disc epithelium.

Upon a closer inspection of the wing imaginal disc epithelium at the ultrastructural level using transmission electron microscopy (TEM), we noticed that posterior cells of hh>PromL RNAi wing discs displayed abnormal microvilli or severely atrophic protrusions (with a length 98% shorter than that of microvilli from wild-type (wt) discs) (Fig. 1c,d; Supplementary Fig. 3a-c). In contrast, in anterior wt cells, microvilli length, density and morphology was similar to that of wt discs (Fig. 1c,d; Supplementary Fig. 4 a,b). These findings point to the requirement of PromL for the maintenance of the proper microvilli architecture and integrity in the wing disc epithelium, and are consistent with recent observation that the homologous Prominin-1 modulates microvilli architecture in mammalian cells [START_REF] Thamm | Prominin-1 (CD133) modulates the architecture and dynamics of microvilli[END_REF] . Furthermore, our results establish that members of the Prominin protein family are key determinants of microvilli formation and integrity, putting forward the existence of a conserved function of the Prominin protein family trough evolution.

Having established that PromL localises to and is required for the maintenance and integrity of microvilli, we explored its relationship with Hh localization and its signaling properties. We first examined Hh distribution in wt and in posterior (hh>) or dorsal (ap>) preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint 5 PromL depleted compartments of wing imaginal discs, and found that in wt discs, Hh distributed at the uppermost apical surface above E-cad (Fig. 1e). No such distribution was observed in PromL mutant compartment in which microvilli were absent or misshapen (Fig. 1c), and lacking therefore a structural support for the apical distribution of Hh. Consistently, in PromL depleted cells, Hh was detected at the basolateral at the level of Dlg, and subapical to E-cad (Fig. 1f; Supplementary Fig. 2b). A subsequent quantitative analysis of the signal distribution revealed a substantial reduction of Hh staining at microvilli in posterior cells (Fig. 1g,h; methods), further supporting that the apical distribution of Hh relies on the presence of intact microvilli.

To examine the consequences of the subcellular redistribution of Hh in PromL depleted cells interferes on Hh signaling properties, we next monitored the expression of long-and shortrange Hh target genes simultaneously in hh>PromL RNAi discs. In wing imaginal discs, dpp-lacZ reporter expression reflects the apical secretion and the long-range Hh signaling, whereas En and Ptc expression is attributed to Hh short-range activity mediated by its basolateral secretion [START_REF] Ayers | The long-range activity of Hedgehog is regulated in the apical extracellular space by the glypican Dally and preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. the hydrolase Notum[END_REF][START_REF] Matusek | The ESCRT machinery regulates the secretion and long-range activity of Hedgehog[END_REF][START_REF] D'angelo | Endocytosis of Hedgehog through dispatched regulates long-range signaling[END_REF] . We found that in PromL KD discs Hh long-range signaling is impaired, as evidenced by a severe decrease of dpp-lacZ reporter expression ranging from 60-65%. In contrast the expression of the short-range target genes, En and Ptc, remained unaltered (Fig. 1i,j; Table 1; Supplementary Fig. 2d). These results consistently establish that PromL and hence intact microvilli, are not only required for the apical distribution of Hh but also critically involved in Hh long-range signaling in the wing disc epithelium.

To further validate this hypothesis, and substantiate the requirement of microvilli integrity for Hh signaling as suggested by our observations (Fig. 1b-j), we chose to analyze the effect of Dispatched (Disp), a positive regulator of Hh secretion and trafficking [START_REF] D'angelo | Endocytosis of Hedgehog through dispatched regulates long-range signaling[END_REF][START_REF] Callejo | Dispatched mediates Hedgehog basolateral release to form the longrange morphogenetic gradient in the Drosophila wing disk epithelium[END_REF][START_REF] Burke | Dispatched, a novel sterol-sensing domain protein dedicated to the release of cholesterol-modified hedgehog from signaling cells[END_REF] , on the microvillar localisation of Hh. We reasoned that in disp mutant discs, in which Hh is retained in producing cells, and dpp-lacZ expression is severely restricted (Fig. 2a; Table 1), the preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint distribution of Hh to microvilli might also be impaired. An analysis of Hh signal showed that in disp mutant discs Hh consistently distributed to the apical, at the level of E-cad, but not Hh to microvilli (Fig. 2b,d), at odds with wt discs, in which Hh distributed to microvilli and colocalised with PromL (50% of the uppermost apical Hh signal) (Fig. 2c,d). Accordingly, long-range Hh signaling is impaired in disp mutants (Fig. 2a). We also noticed that PromL signal, in anterior and posterior compartment, was more punctate and irregularly spiky, pointing to a shortening of microvilli (Fig. 2b). Additional ultrastructural analysis of disp mutant discs indeed showed shorter and far less microvilli (66% of that of wt), with an average of 2.9 ± 1.16 microvilli per cell (Fig. 2d; Supplementary Fig. 3c). Together these experiments indicate that in addition to its role on Hh secretion and trafficking, Disp modulates microvilli architecture, reinforcing again the idea that a proper organization of apical membrane and the maintenance of microvilli architecture is critical for Hh-long-range signaling.

The maintenance of the apical plasma membrane structure relies on the asymmetrical distribution of specific phospholipids between the outer and inner leaflets of plasma membranes [START_REF] Simons | Functional rafts in cell membranes[END_REF] . This is controlled by ATP8B, a putative aminophospholipid translocase, whose depletion perturbs apical membrane organization, stereocilia and microvilli integrity [START_REF] Stapelbroek | ATP8B1 is essential for maintaining normal hearing[END_REF][START_REF] Verhulst | A flippase-independent function of ATP8B1, the protein affected in familial intrahepatic cholestasis type 1, is required for apical protein expression and preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. microvillus formation in polarized epithelial cells[END_REF] . It is thus expected that abrogation of ATP8 activity can perturb microvilli organization and hinder Hh long-range signaling also in the wing imaginal disc. Consistent with this hypothesis, the qualitative and quantitative TEM analysis revealed that ATP8B depletion in posterior cells (hh>ATPB8 RNAi), resulted in an alteration of microvilli number, length, and morphology, and perturbed the characteristic dot-like staining pattern of PromL indicative of the proper microvilli integrity (Fig. 3a-c; Supplementary Fig. 1e). This was accompanied by a subapical redistribution of Hh, an impediment of PromL/Hh colocalisation, and a reduction of dpp expression in recipient cells as a consequence of impaired long-range Hh signaling, but no effet of En and Ptc expression was observed (Fig. 3c-e; Table 1). However, ATP8B depleted cells preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint 7 show well developed adherent junctions, confirming their ability to polarize (Fig. 3a). Hence, loss of ATP8B activity may affect the proper distribution of PromL to microvilli, by altering the phospholipid composition of the plasma membrane, or by potentially decreasing the levels of the plasma membrane phospholipid phosphatidylinositol 4,5-bisphosphate (PIP2) [START_REF] Liu | The Drosophila melanogaster phospholipid flippase dATP8B is required for odorant receptor function[END_REF] .

As PIP2, is enriched at the apical plasma membrane of epithelial cells, regulates the interaction of signaling proteins with actin-binding proteins, and promotes the bundling function of villin, it could thereby modulate the formation of actin filaments structures and cellular protrusions, including microvilli (Kumar). To test this possibility, we silenced two actin-binding proteins, Quail (Qua) (ap>Qua RNAi), the Drosophila villin-like protein [START_REF] Mahajan-Miklos | The villin-like protein encoded by the Drosophila quail gene is required for actin bundle assembly during oogenesis[END_REF] , or Fimbrin (Fim) (hh>Fim RNAi) in Drosophila imaginal discs. In both conditions, PromL levels were drastically reduced (Fig. 3 f,g), and microvilli, when present, were strongly defective (Fig. 3b,d,h,i; Supplementary Fig. 4c). As expected, Hh long-range signaling was impaired to similar extents in both genetic backgrounds, as confirmed by the subapical distribution of Hh and by the reduced dpp expression in target cells (Fig 3f,g,j; Supplementary Fig. 3; Table 1). This indicates that the disassembly of actin filaments caused profound structural alterations on the microvillar architecture and put forward the positive contribution of actin cross-linking factors in this process. Moreover, this reveals that an active interplay between PromL and cytoskeleton components contributes to the biogenesis and maintenance of microvilli that are critical for Hhlong-range signaling.

How do microvilli contribute to Hh long-range signaling? While previous work has established that microvilli give rise to Prominin-containing EVs [START_REF] Marzesco | Release of extracellular membrane particles carrying the stem cell marker prominin-1 (CD133) from neural progenitors and other epithelial cells[END_REF][START_REF] Marzesco | Release of extracellular membrane vesicles from microvilli of epithelial cells is enhanced by depleting membrane cholesterol[END_REF] , their contribution to intercellular communication during development was never directly demonstrated. Considering the requirement of microvilli for Hh long-range signaling (as shown above), we reasoned that EVs could bud from microvilli and serve as a means to transport Hh to distant recipient cells.

To test this assumption, we performed an EM analysis of serial sectioning of wt wing imaginal preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint 8 discs epithelial cells. We noticed the existence of small vesicular structures of 60 to 150 nm diameter, often clustered at the vicinity of microvilli, but also free within the lumen (Figure 4 a,b; Supplementary 4d; methods). We also observed that MVB with intraluminal vesicles (ILV) of smaller diameter (25-40 nm), were consistently found at close vicinity of the basolateral plasma membranes (Fig. 4a, lower right panel; Supplementary 4e), but not at the apical site, indicating that MVBs may not be prone to an apical secretion of "endosome-derived" exosomes [START_REF] Van Niel | Shedding light on the cell biology of extracellular vesicles[END_REF] . Importantly, such vesicular structures were not detected in discs depleted for PromL, ATP8B, Qua, Fim, or disp mutant discs, in which microvilli are absent or atrophic, and dpp-lacZ expression is substantially decreased (Fig. 1c,2e,3a,h,i; Table 1), underscoring the correlation between the presence of microvilli, the occurrence of these secreted vesicles and Hh long-range activity. A closer inspection of the microvilli in wt discs, revealed the presence of buds at the microvillar membrane (Fig. 4c). Electron tomography and 3D-reconstructions of the apical plasma membrane confirmed the existence of buds still connected to the microvillar membrane, but also isolated free vesicles within the extracellular space certainly after fission (Fig. 4d, Supplementary Movies 1 and 2). Together, these results substantiate microvilli as a site of EV biogenesis and demonstrate that the active interplay between PromL, actin crosslinking proteins, and microvilli lipids is critical for the maintenance of microvilli integrity and the biogenesis of EVs. Consistent with these findings, Prominin-1 containing EVs were shown to originate from the microvilli membrane and cilia of neuroepithelial and neural progenitors cells respectively [START_REF] Marzesco | Release of extracellular membrane particles carrying the stem cell marker prominin-1 (CD133) from neural progenitors and other epithelial cells[END_REF][START_REF] Dubreuil | Midbody and primary cilium of neural progenitors release extracellular membrane particles enriched in the stem cell marker prominin-1[END_REF] . In agreement with our findings, actin mediate EV release from the tip of cilia [START_REF] Nager | An Actin Network Dispatches Ciliary GPCRs into Extracellular Vesicles to Modulate Signaling[END_REF] , and dATP8B protein is concentrated in the cilia of olfactory neuron dendrites [START_REF] Ha | Lipid flippase modulates olfactory receptor expression and odorant sensitivity in Drosophila[END_REF] where it could play similar roles as the one shown here in microvilli.

Given that PromL is critical for microvilli biogenesis, and that Hh distributed to microvilli where it colocalises with PromL (Fig. 1g,h;2c,d;3d), we reasoned that an increase of Hh long-range activity might be correlated with an increase of EV biogenesis. To test this preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint 9 assumption, we examined the consequences of the overexpression of PromL-GFP in Hh producing cells (hh>PromL-GFP). EM analysis revealed a substantially increased of EV number (35% as compare to wt) in PromL-GFP discs, which resulted in a slight but not significant reduction in microvilli number and length (Fig. 4e,f; Supplementary Fig. 4b). We also found that overexpression of PromL-GFP promoted a massive Hh release into the lumen, which correlated with a significant expansion of the dpp expression domain (Fig. 4g,h; Table 1). These results are consistent with our hypothesis and emphasize the interdependence between PromL localisation to microvilli, EV biogenesis and Hh long-range activity.

In light of these results, we anticipate that microvilli-derived EVs, containing both Hh and PromL protein are released into the extracellular medium. To validate this hypothesis, we investigated their occurrence and their potential properties in wing discs overexpressing PromL-GFP and Hh tagged with red fluorescent protein (Hh-RFP) in Hh producing cells (hh>Hh RFP; PromL GFP). In a first round of experiments, we set out to investigate the distribution of Hh-GFP and Prom-GFP using immunoelectron microscopy (IEM), for a qualitative analysis. In agreement with our above observations (Fig. 1g,h;2c,d;3d,) both proteins localised not only to microvilli (Fig. 5a), but also on EVs (Fig. 5 b). To elucidate their dynamics and their functional roles, we investigated their properties in vivo. Live imaging of hh>Hh RFP; PromL GFP discs revealed that the majority (80%) of EVs released by the posterior compartment was positive for Hh-RFP and Prom-GFP, whereas the others only displayed Hh-RFP (Fig. 5c-e). These EVs were not static but engaged in a dynamic movement and trafficked associated to one another within the extracellular space (Fig. 5f,g; supplementary Fig. 5a; Supplementary Movies 3). These EVs are very likely the extracellular carriers of Hh, facilitating thereby its long-range activity. These results are consistent with our hypothesis that microvilli of the wing disc epithelium are the site of generation of small EVs, that are critically involved in the transport of Hedgehog across to facilitate its long-range activity.
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The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint 10 Understanding the origin and function of EVs in vivo during development has so far been limited especially because of a shortage of methods suitable to demonstrate causality in vivo [START_REF] Marzesco | Release of extracellular membrane particles carrying the stem cell marker prominin-1 (CD133) from neural progenitors and other epithelial cells[END_REF][START_REF] Marzesco | Release of extracellular membrane vesicles from microvilli of epithelial cells is enhanced by depleting membrane cholesterol[END_REF] . Taking advantage of complementary electron and fluorescence microscopy, live imaging, cell biology and genetic approaches, our experiments unveil that EVs provide a means for exchanging signaling cues between cells at distance. Here, we find that PromL, by interaction with lipids and cytoskeleton components, is a key determinant of microvilli formation in vivo, whose integrity is critical for the biogenesis of EVs and their signaling role (Fig. 1; Fig. 3). Finally, we uncover that microvilli are the preferential site for the generation of small EVs conveying Hh, -different form exosomes-, revealing the existence of a new potential mechanism mediating Hh long-range signaling in the Drosophila wing imaginal disc epithelium, and unveil their physiological significance in tissue development in vivo.

Considering that the morphogen Hh controls a variety of conserved functions in invertebrates and vertebrates, and that the dysregulation of the Hh pathway promotes developmental defects and contributes to several cancer types, it will be of high interest to investigate the contribution of the EV-mediated Hh signaling described in this study to such physiological and pathological processes. The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint -gal (red; white), PromL (red; white), and E-cad (blue). a, Hh is retained in P compartment and dpp-lacZ expression is reduced to 4 cells (red dots in the inset and Table 1). b, Hh distributes 1). Black (a,h,i) and white broken lines (c,e-g,j) delimit the A/P or V/D compartments. Scale bar: 1μm (A, B); 10 µm (C-L); 20 µm (M). The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint 18 inset. Six to eight discs from each genotype were analysed, (see Table 1).Broken lines delimit the V/D (g) or A/P (h) compartments. Scale bar: 0.2 nm (a,c-e); 20 µm (g,h). preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint

Figure 1 .

 1 Figure 1. Hh long-range activity relies on microvilli integrity. a, Schematic of the larval

  ). Broken lines delimit V/D and A/P compartments. Scale bars: 1μm (c); 20 µm (b, e-h).

Figure 2 .

 2 Figure 2. In disp mutant discs microvilli integrity is perturbed. a-c, Single confocal

  at the apical at the level of E-cad (white arrow). Yellow arrows point to PromL staining reflecting changes in microvillus length, and compare to PromL staining in A wt compartment typical of the intact microvilli organization (c). Yellow arrows point to the similar PromL signal in A and P compartments. c, In wt discs, Hh distributed to microvilli. Bottom: shows the colocalisation of both proteins (see Supplementary information). d, Quantification of PromL/Hh colocalisation (see Supplementary information). Mean ± SEM analysed by unpaired t test (**** p < 0.0001) (n = 18; 6 discs). e, Transmission electron micrograph showing shorter microvilli (black arrows) as compare to wt (Fig. 4a). Asterisks depict adherent junctions. f, Graph reporting microvilli length. Mean ± SEM analysed by unpaired t test (**** p < .0.0001).Scale bar: 20 µm; 1μm (e). White dashed line delimits A/P compartments.

Figure 3 .

 3 Figure 3. Lipids and cytoskeleton components contribute to microvilli architecture. a,h,i,

Figure 4 .

 4 Figure 4. Microvilli-derived EVs control Hh long-range signaling. (a,c,e) Transmission

Figure 5 .

 5 Figure 5. Hh-PromL-EVs move into the extracellular field. a, Ultrathin cryosection of

4 )

 4 Fig. 2a; Fig. 3e,j; Fig.4h, Supplementary Fig.2d; Supplementary Fig.3a-e) in at least 8 different
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Table 1 . En, Ptc and ddp-lacZ expression in different genotypes.
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			Mean number of cells expressing genes
	Genotype	En	Ptc	dpp-lacZ
	wt	(n=12)	2(± 0.42)	3.7(± 0.4)	7.6 (± 0.5)
	hh>PromL RNAi 51957GD	2 b	3.8 b (± 0.3)	2.6 a (± 0.5)
	hh>PromL RNAi 102612KK	2 b (± 0.4)	3.7 b (± 0.4)	3 a (± 0.3)
	disp SO37707	n.d.	n.d.	2.5 a (± 0.5)
	hh>ATP8B RNAi 102648KK	1.92 b (± 0.29)	3.7 b (± 0.4)	4 a (± 0.3)

preprint

The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint

Acknowledgments

We thank A. Plessis and Ph. Vernier for insightful discussions. C. Dahmann, X., D. Godt, the Developmental Studies Hybridoma Bank, the Vienna Drosophila RNAi Center, Drosophila Genetics Resource Center, and Bloomington stock centers for reagents. Vincent Fraisier from the Imaging platform UMR144; The Cell and Tissue Imaging (PICT-IBISA), Institut Curie, member of the French National Research Infrastructure France-BioImaging (ANR10-INBS-04). This work was supported by the French Government (National Research Agency, ANR) through the Investments for the Future LABEX SIGNALIFE (ANR-11-LABX-0028-01), LabEx CelTisPhyBio (ANR-11-LABX-0038), ANR (ANR-15-CE13-0002-01), Ligue Contre le Cancer ''Equipe labellisée 2016' to P.P.T, and by the Fondation pour la Recherche Médicale: DEQ201110421324.

Data and materials availability

all data is available in the manuscript or the supplementary information.

Authors contributions

Conceptualization

Competing interests

The authors declare no competing interests.

Figure legends

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

The copyright holder for this this version posted November 2, 2020. ; https://doi.org/10.1101/2020.11.01.363697 doi: bioRxiv preprint