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Summary  24 

Barrier functions of proliferative epithelia are constantly challenged by mechanical and 25 

chemical constraints. How epithelia respond to and cope with disturbances of the 26 

paracellular diffusion barrier to allow tissue integrity maintenance has been poorly 27 

characterized. Cellular junctions play an important role in this process and intracellular 28 

traffic contribute to their homeostasis. Here, we reveal that, in Drosophila pupal notum, 29 

alteration of the bi- or tricellular septate junctions (SJs) triggers a mechanism with two 30 

prominent outcomes. On one hand, there is an increase in the levels of E-cadherin, F-31 

Actin and non-muscle myosin II in the plane of adherens junctions. On the other hand, 32 

β-integrin/Vinculin-positive cell contacts are reinforced along the lateral and basal 33 

membranes. We report that the weakening of SJ integrity, caused by the depletion of 34 

bi- or tricellular SJ components, reduces ESCRT-III/Vps32/Shrub-dependent 35 

degradation and promotes instead Retromer-dependent recycling of SJ components. 36 

The consequence of the reduction in Shrub-dependent degradation extends to other 37 

transmembrane protein cargoes. Consequently, this trigger increased levels of β-38 

integrin, Crumbs and the Crumbs effectors β-Heavy Spectrin Karst. We propose a 39 

mechanism by which epithelial cells, upon sensing alterations in the paracellular 40 

diffusion barrier, target Shrub to adjust the degradation/recycling balance and thereby 41 

compensate for barrier defects while maintaining epithelial integrity. 42 

  43 
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Introduction 44 

Epithelia are key tissues of organisms, facing the outside and protecting the inner part 45 

of the organism against both physical and chemical injuries. Although the epithelial 46 

cells composing the tissue need to establish solid and resistant barriers, they remain 47 

highly plastic. Indeed, throughout development, epithelial cells undergo profound 48 

changes in cell shape or cell–cell contacts during cell movements, divisions, cell 49 

intercalation or extrusion [1-4]. Most of these mechanisms imply junctional remodelling 50 

and rely on a set of molecular actors that form the cellular cytoskeleton, such as non-51 

muscle myosin II (Myo-II) and filamentous actin (F-actin). Both of these are associated 52 

with a wide range of different effectors, such as the transmembrane protein E-cadherin 53 

(E-Cad), and together they build up the adherens junction (AJ) [5]. AJs play the role 54 

of a mechanical barrier in the tissue, ensuring that cells are closely packed and 55 

resistant to physical stress [6].  56 

Basal to AJs, in Drosophila epithelia, a second type of junction named septate junction 57 

(SJ) – the functional equivalent of tight junctions (TJs) in vertebrates [7] – is involved 58 

in the formation of the paracellular diffusion barrier. SJs consist of a large protein 59 

complex comprising more than 25 proteins [8, 9]. Among them are cytoplasmic 60 

proteins such as Coracle (Cora), glycophosphatidylinositol (GPI)-anchored proteins, 61 

single-pass transmembrane proteins such as Neurexin-IV (Nrx-IV), and Claudin-like 62 

proteins. At the meeting point of three cells within an epithelium, a specialized domain 63 

called a tricellular junction (TCJ) arises, and to date three proteins have been 64 

described as enriched at the SJ level: Gliotactin (Gli) [10], Anakonda (Aka; also known 65 

as Bark Beetle [11, 12]) and the myelin proteolipid protein family member M6 [13]. We 66 

and others have recently described an intricate interplay in which both Aka and M6 67 

are required to recruit and stabilize themselves at the TCJ, while Gli is needed to 68 

stabilize them both at the TCJ [14, 15]. Moreover, we have shown that TCJ proteins 69 

are required to ensure the anchoring of SJ proteins at the vertex, and, in turn, vertex-70 

specific enrichment and restriction of TCJ proteins are linked to SJ integrity [14]. 71 

As described above for AJs, SJs must also be highly plastic to cope with a high rate 72 

of cell division, tissue growth, cell intercalation or delamination, while maintaining the 73 

integrity of the permeability barrier. Our previous work contributed to show that SJs 74 

are stable complexes, exhibiting a turnover rate of 90 minutes. SJ components are 75 

delivered and assembled apically, just basal to AJs, and continue to be progressively 76 

dragged basally in a treadmill-like manner [16]. At the basal SJ belt, SJ components 77 
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are thought to be disassembled, internalized and recycled apically to form new SJs or 78 

to be degraded. Several studies have revealed that intracellular trafficking actors, such 79 

as Rab11 [17], the retromer, and the endosomal sorting complexes required for 80 

transport (ESCRT)-III component Shrub, are key regulators of SJ establishment and 81 

integrity [18]. Retromer is implicated in the retrieval of cargos from endosomes while 82 

ESCRT-III regulates ubiquitin-dependent degradation of transmembrane cargoes. In 83 

addition, the Ly6-like proteins Crooked, Coiled, Crimpled [19] and Boudin [20, 21], 84 

components of the SJ, have been reported to regulate the endocytic trafficking of Nrx-85 

IV and Claudin-like Kune-Kune, indicating that the SJ components regulate each 86 

other's presence in the SJ. 87 

Despite the fact that SJs have been extensively studied for the past decades, it only 88 

recently emerged that they might be involved in additional mechanisms beyond their 89 

initially described filtering actions [9]. For instance, a striking feature of Drosophila 90 

embryo SJ mutants is the appearance of a wavy trachea  associated with loss of the 91 

permeability barrier. Other morphogenetic defects include diminished and deformed 92 

salivary glands, head involution and dorsal closure defects. SJ proteins also regulate 93 

the rate of division of intestinal stem cells [22, 23], as well as hemocyte lineage 94 

differentiation via interactions with the Hippo pathway [24, 25]. Another intriguing 95 

feature is the confirmation of the role of SJ components in wound healing [26]. Indeed, 96 

lack of different SJ components impairs the formation of actomyosin cables, which are 97 

regulated by AJs and under normal conditions ensure the proper healing of the tissue. 98 

Hence, the studies cited revealed that SJ proteins can impact mechanical properties 99 

of the tissue, calling for a deeper understanding of the impact that the loss of SJ 100 

integrity has on general mature tissue homeostasis.  101 

We recently reported that defects at tricellular Septate Junctions (tSJs) are always 102 

accompanied by bicellular Septate Junctions (bSJs) defects. Indeed, restriction of tSJ 103 

components at the vertex is dependent on bSJ integrity. Conversely, loss of tSJ 104 

components causes considerable membrane deformation and the loss of bSJs 105 

abutting the vertex [14]. However, and surprisingly, under these conditions, cells 106 

remain within the epithelial layer and do not delaminate. In this paper, we investigate 107 

how cell adhesion is modulated and allows epithelial integrity to be maintained 108 

following disruption of the paracellular diffusion barrier. We use the Drosophila pupal 109 

notum as a model of mature epithelium with established and functional mechanical 110 
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and paracellular diffusion barrier functions, a tissue that lends itself to quantitative 111 

imaging and in which we can easily dissect the mechanics and genetics of epithelia.  112 

 113 

Results 114 

 115 

Disruption of tri- and bicellular septate junction integrity alters the distribution 116 

of adherens junction components 117 

We have previously described that NrxIV-labelled bSJs no longer terminate at vertices 118 

when TCJ components are lost [14]. Here, we report that, at the electron microscopy 119 

resolution, depletion of Aka induces weaknesses in the integrity of the tissue 120 

which results in cell membrane detachment at the vertex in the plane of the SJ and 121 

formation of sizeable intercellular gaps within the epithelium (Figure 1A–A′). To know 122 

how these gaps impact the overall epithelial integrity, we investigated the relationship 123 

between tSJs and AJs. We measured a 2 fold enrichment of Drosophila E-Cad tagged 124 

with GFP (E-Cad::GFP) at tAJs and 1.5 fold enrichment at bAJs in akaL200 mutant cells 125 

(Figure 1B and C). This enrichment was also observed using an E-Cad antibody (data 126 

not shown). The E-Cad::GFP increase was accompanied by an enrichment of 127 

junctional Myo-II tagged with GFP (Myo-II::GFP) both at tAJs (1.7 fold enrichment) and 128 

bAJs (1.8 fold enrichment; Figure 1D and E). The junctional and medial pools of Myo-129 

II act in synergy with forces exerted by the medial-apical meshwork transmitted onto 130 

the junctional pool [27]. The medial-apical network was also stronger in akaL200 cells 131 

than in wild-type (WT) cells (1.5 fold enrichment; Figure 1D and E). In addition, we 132 

probed F-actin and determined that loss of Aka resulted in a 1.9 fold and 2.5 fold 133 

increase in staining at bAJs and tAJs, respectively (Figure 1F and G). We observed 134 

similar results upon loss of Gli and M6, suggesting that loss of tSJs is responsible for 135 

the observed defects. Next, using a hypomorphic allele of the transmembrane bSJ 136 

protein Nervana 2 (Nrv2), we found that E-Cad::GFP (Figure S1A and B) and Myo-137 

II::GFP (Figure S1C and D) were enriched at both bAJs and tAJs in nrv2k13315 cells 138 

compared with WT cells. E-Cad enrichment was also observed upon loss of GPI-139 

anchored bSJ proteins such as Coiled and Crooked (data not shown), indicating that 140 

alteration of the SJ resulted in increased levels of E-Cad in the plane of AJ and thus 141 

raises the possibility of concomitant changes in epithelial cell adhesive properties, 142 

which we have subsequently studied. 143 
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 144 

The loss of Anakonda alters the adhesive and the mechanical epithelial 145 

properties 146 

Because AJs are sites of mechanical force transduction, we hypothesized that the 147 

higher levels of E-Cad and Myo-II modify the mechanical properties of the tissue. To 148 

assess it, we first tested if Myo-II was activated in aka mutant context, by using an 149 

antibody against phosphorylated Myo-II (p-Myo-II), and we observed an enrichment in 150 

akaL200 cells compared with WT cells (Figure 2A-B). The enrichment was of 1.6 fold at 151 

tAJs and bAJs and of 1.8 fold at the medial-apical network (Figure 2A-B). Next, we 152 

probed junctional tension using two-photon laser-based nanoablation in the plane of 153 

the AJ labelled with E-Cad::GFP (Figure S1E-F). Intriguingly, no significant differences 154 

in recoil velocities were observed upon ablation of WT cells versus akaL200 mutant 155 

junctions (mean = 0.19 ± 0.08 µm/s in WT vs mean = 0.20 ± 0.07 µm/s in akaL200) or 156 

nrv2k13315 cells (mean = 0.15 ± 0.07 µm/s in WT vs mean = 0.16 ± 0.08 µm/s in 157 

nrv2k13315) (Figure S1F). While recoil velocities indicated that there was no change in 158 

in-plane membrane tension upon loss of Aka, we noticed that the cell area of akaL200 159 

cells was slightly reduced by 12% compared to WT (Figure S1G). This prompted us 160 

to analyse the length of the new adhesive interface formed during cell cytokinesis. 161 

Indeed, when a cell divides and forms its new cell–cell adhesive interface at the AJ 162 

level, the length of the new junction is determined by various factors: the force balance 163 

between the cells’ autonomous strength in the actomyosin contractile ring, the cells’ 164 

non-autonomous response of neighbouring cells that recruit contractile Myo-II at the 165 

edges to impose the geometry/length of the new interface, and the strength of 166 

intercellular adhesion defining the threshold of disengagement [28-30]. Notably, E-167 

Cad overexpression was reported to delay junction disengagement leading to a 168 

shorter interface in early embryos [29]. First, we observed that when a WT cell divides 169 

between one WT and one akaL200 cell, the Myo-II::GFP signal was higher during the 170 

formation of the new vertex and at the future vertex formed at the interface between 171 

WT and akaL200 cell, where there is no Aka (Figure 2C-D; white arrow) compared to 172 

the WT interface (Figure 2C-D; green arrow). While this phenomenon can be observed 173 

in WT conditions, the proportion of asymmetric enrichment of Myo-II::GFP was much 174 

higher in akaL200 conditions (Figure 2E). Then, we confirmed that WT cells established 175 

a long E-Cad adhesive interface upon completion of cytokinesis, with few fluctuations 176 
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in length and across time over the 30 minutes after the onset of anaphase (Figure 2F 177 

and H) as expected from [28, 30]. In contrast, akaL200 cells showed a reduction in this 178 

junctional length, as highlighted in some extreme cases of shrinkage (Figure 2G and 179 

H). This change in the new cell–cell interface length observed in akaL200 cells started 180 

to be significant approximately 10 minutes after the onset of anaphase (Figure 2H), 181 

suggesting fewer resisting forces from neighbours and/or increased constriction from 182 

the dividing cell. 183 

To further explore defects in adhesive properties and mechanical tension caused upon 184 

loss of Aka, we examined the localization of Vinculin (Vinc), an F-actin binding partner 185 

recruited at junctions in a tension-dependent manner [31, 32]. We observed higher 186 

levels of GFP-tagged Vinc (Vinc::GFP) at tAJs (2 fold enrichment) and bAJs (1.75 fold 187 

enrichment) in akaL200 cells compared with WT cells (Figure S2A and B). Strikingly, 188 

upon loss of Aka, Vinc::GFP was found enriched not only at the AJ level but also at 189 

the basal part of mutant cells (Figure S2C–D′; see below), raising the possibility of a 190 

reorganization of the F-actin-anchoring point to the membrane associated with 191 

increased tension at these localizations (see below). We also found that another F-192 

actin crosslinker, Karst, was enriched at the AJ level at bAJs (1.4 fold enrichment), at 193 

tAJs (60% enrichment) and at the apical–medial part of the cell (1.2 fold enrichment; 194 

Figure S2E and F). Then, we investigated the localization of the Hippo/YAP partner 195 

Ajuba (Jub), known to be increased at AJ upon increased tension in Drosophila wing 196 

discs [33]. We observed an increase of GFP-tagged Jub (Jub::GFP) marking at tAJs 197 

(1.4 fold enrichment) and at bAJs (1.75 fold enrichment) (Figure S2G-H). Collectively, 198 

these results suggest that the loss of Aka and concomitant disruption of SJ integrity 199 

increase apical tension and/or adhesive properties in epithelial cells. The mechanisms 200 

through which alteration of SJ components impact AJ were then investigated. 201 

 202 

Septate junction alterations are associated with ESCRT complex defects  203 

Several studies have revealed that the establishment and integrity of bSJs rely on 204 

intracellular traffic [18, 19, 34]. Among them, Vps35 subcellular localization is 205 

regulated by Shrub, which is itself needed to ensure correct bSJ protein delivery at the 206 

plasma membrane. In the pupal epithelium, loss of Shrub causes loss of ATP-a::GFP 207 

signal, indicative of an interplay between SJs and endosomal sorting machinery [18]. 208 
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Upon loss of Aka, bSJs are no longer connected to vertices and exhibit membrane 209 

deformation with increased levels of bSJ components [14]. The higher level of bSJ 210 

components could result from an increased delivery of newly synthesized proteins, 211 

reduced endocytosis, and/or increased recycling of bSJ proteins. We hypothesize that 212 

defects in SJ integrity might feedback on the endocytosis-recycling of bSJ proteins, to 213 

compensate for SJ defects. To probe for possible membrane traffic alterations, we 214 

investigated the ESCRT complex by examining the multivesicular body (MVB) marker, 215 

the ESCRT-0 component hepatocyte-growth-factor-regulated tyrosine kinase 216 

substrate (HRS)/Vps27 and Shrub/Vps32 endogenously tagged with GFP 217 

(Shrub::GFP). In the control situation (Figure 3A–B′), HRS and Shrub::GFP appeared 218 

as small punctate structures that substantially colocalized (white structures; Figure 219 

3A–B′). Strikingly, silencing of the core bSJ protein Cora induced the formation of 220 

enlarged Shrub::GFP-positive structures, more and larger HRS positive compartments 221 

(Figure 3C–D′), together with bSJ integrity alteration (Figure 3C’). The enlarged 222 

Shrub::GFP-positive structures did not colocalize with HRS punctae (Figure 3C–D′). 223 

We also detected larger and brighter HRS-positive structures, both in akaL200 (Figure 224 

S3A and B) and nrv2k13315 cells (Figure S3C and D).  225 

Because the ESCRT complex is involved in controlling the degradation of poly-226 

ubiquitinylated cargoes [35], we then asked whether the excess of Shrub-positive, 227 

enlarged structures was due to a change in Shrub degradation activity. A way to probe 228 

putative defects in ESCRT function is to monitor the amount of poly-ubiquitinylated 229 

proteins targeted for degradation [35]. First, we used an RNAi against Shrub and 230 

confirmed that depletion of Shrub led to both poly-ubiquitinylated proteins aggregates 231 

appearance, marked using anti-FK2, and SJ alterations as observed by the 232 

inhomogeneous Nrx-IV signal (Figure 4A). Then, we studied SJ disruption case using 233 

Cora-RNAi approach. In the control situation, Shrub::GFP and poly-ubiquitinylated 234 

proteins FK2 formed small punctate compartments (Figure 4B). In striking contrast, in 235 

the Cora-depleted domain, Shrub::GFP and anti-FK2 labelled large structures (Figure 236 

4C–C′′). Shrub::GFP-positive structures were closely juxtaposed and/or partially 237 

colocalized with FK2, (Figure 4C′–C′′). Similar observations were made upon knock-238 

down of Nrx-IV (Figure 4D–D′′), as well as in akaL200 cells (Figure 4E). Hence, mutants 239 

with disrupted SJ integrity display features of a dysfunctional ESCRT-III-dependent 240 

degradation pathway, somewhat reminiscent of a shrub loss-of-function. Despite 241 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059


these apparent similarities, we noticed that, in contrast to Shrub depletion [36], NrxIV 242 

did not accumulate in enlarged intracellular compartments upon Cora depletion. In 243 

other words, the accumulation of Shrub::GFP in enlarged compartments seen upon 244 

Cora depletion is not functionally equivalent to the loss of Shrub. We propose that it is 245 

the Shrub activity that is being modified upon SJ alteration, preventing SJ component 246 

degradation in favour of SJ component recycling. In support of this proposal of 247 

increased recycling, loss of TCJ components was shown to cause membrane 248 

deformations enriched in SJ components [14]. The next question was whether 249 

deregulation of Shrub activity by SJ component depletion could affect adhesive 250 

properties and cell mechanics. 251 

 252 

Loss of tricellular or bicellular septate junction components impact Crumbs 253 

localization and triggers assembly of focal adhesion contacts 254 

In Drosophila trachea, loss of Shrub has been reported to affect the localization of bSJ 255 

components, such as Kune-Kune, impairing the paracellular diffusion barrier on one 256 

hand and Crb activity on the other [17]. Loss of Shrub results in an elongated 257 

sinusoidal tube phenotype which was shown to be caused by mislocalized Crb 258 

activation. Indeed, in shrb4 clones, instead of being restricted to the junctional domain, 259 

Crb is present in ESCRT-0-positive endosomal compartments causing Crb 260 

overactivation [17]. In this study, the authors raised the possibility that the defect of 261 

bSJ caused by loss of Shrub might also contribute to Crb activation, a possibility that 262 

we tested next. As a control, we monitored the localization of SJ protein Kune Kune 263 

(Kune) and Crb using an anti-Crb antibody targeting its N-terminal extracellular domain 264 

(anti-Crb). We observed a colocalization in small vesicles at the basal level of the cell 265 

(white vesicles; Figure S4A-A’’), suggesting that Kune and Crb traffic together. Upon 266 

knock-down of Shrub via RNAi, we observed defects of Kune and Crb characterized 267 

by enrichment of Crb and Kune in basal aggregates (Figure S4B-B’’’). The apparent 268 

similarities between depletion of Shrub and that of b/tSJ components on FK2 and 269 

HRS, raised the question whether the loss of Aka could result in defective Crumbs 270 

localization, that we next investigated. We monitored Crb localization in tSJ defects 271 

situation using Crb tagged with a GFP in its extracellular domain (Crb::GFP) or an anti-272 

Crb antibody in  akaL200 context. Crb signal was detected both at junctional and medial 273 
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apical parts of WT cells (Figure 5A and C). Strikingly, in akaL200 and in bSJ defective 274 

nrv2k13315 cells, the apical–medial Crb signal was increased (Figure 5A–C′ and Figure 275 

S5A–C).  Concerning junctional Crb, we observed both an enrichment associated with 276 

small aggregated structures at or adjacent to the junctions using Crb::GFP in akaL200 277 

cells (Figure 5A–A′′) and a less well-defined signal compared to Crb::GFP when using 278 

the anti-Crb (Figure 5B–B′′). In nrv2k13315 cells, although junctional Crb::GFP signal 279 

was not significantly different than in control cells, anti-Crb antibody showed a less 280 

well-defined signal compared to Crb::GFP at the junction, suggesting that, perhaps, 281 

Crumbs is closely juxtaposed to the plasma membrane rather than residing at the 282 

plasma membrane (Figure S5A–C). Interestingly and in striking contrast to Shrub 283 

depletion, we did not observe Crb and Kune basal aggregates in akaL200 and nrv2k13315 284 

conditions (data not shown). Hence, if both Shrub and bSJ/tSJ defects lead to Crumb 285 

enhanced signals, Shrub depletion is responsible for Crb being enriched in enlarged 286 

compartments whereas loss of Aka or Nrv2 triggers Crb enrichment at the apical level 287 

of the cell. Thus, as proposed above for Nrx-IV, these data further suggest a hijacking 288 

of Shrub activity toward recycling components upon alteration of SJ integrity. The 289 

elevated apical levels of Crb upon depletion of SJ component is proposed to be causal 290 

to apical enrichment of the Crumbs effector Karst (Figure S2E and F)  [37]. Therefore, 291 

we decided to remove one copy of Crb in the akaL200 context to observe if we were 292 

able to rescue the AJ phenotype. Although we observed a rescue of the cell area 293 

phenotype (Figure 5F), removal of one copy of Crb was not sufficient to restore E-294 

Cad::GFP level to the control situation (Figure 5D-E, 1.7 fold enrichment for bicellular 295 

junctions, 1.8 fold enrichment for tricellular junctions). 296 

Loss of Aka leads to elevated Crb, E-Cad, p-Myo-II and Vinc::GFP signals at AJ level. 297 

In addition, Vinc-GFP staining also increased basally, with Vinc-GFP-positive 298 

structures appearing at the basolateral domain (Figure S2C and D). Vinc is recruited 299 

both at AJ and in FA contact [31, 32, 38] and α5- and β1-integrins are regulated via 300 

the ESCRT pathway in vertebrates [39]. In pupal notum, depletion of Shrub leads to 301 

accumulation of Myospheroid (Mys), the β subunit of Drosophila integrin dimer, in 302 

basal compartments that partially colocalize with Kune (Figure S6A-A’’’’), presumably 303 

enlarged endosomes, indicating that in invertebrate also, b-integrin levels rely on 304 

ESCRT-III function. In line with the hypothesis of the hijacking of Shrub activity upon 305 
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depletion of SJ components, increased levels of integrin were predicted to recycled 306 

back to the plasma membrane.  307 

Indeed, and in striking contrast to Shrub depletion, we found that Mys levels are 308 

elevated in akaL200 clones, and that Mys localized in basal clusters along with F-actin 309 

(Figure 6A and B). Mys also colocalized with Vinc-GFP in akaL200 cells, indicating an 310 

assembly of FA contacts in akaL200 mutant cells (Figures 6C and D). Could these FA 311 

contact exert forces in akaL200 cells and hence, mutant cells react by increasing their 312 

amount of apical E-Cad, perhaps to sustain cell adhesion and prevent cell extrusion? 313 

To investigate this possibility, we knock-downed Mys in akaL200 cells.  When compared 314 

to akaL200 cells (Figure 1 B-C), depletion of Mys in akaL200 cells almost abolished the 315 

E-Cad enrichment at bAJs and at tAJs (Figure 6E-F). The cell area was also no longer 316 

significantly different than from WT (Figure 6G). Thus, concomitant loss of tSJ and FA 317 

contact in mature epithelium is not sufficient to induce cell extrusion. We propose that 318 

disruption of SJ barrier in pupal notum redirects Shrub activity to promote recycling of 319 

the junctional components Crumbs and Mys that collectively contribute to the 320 

maintenance of epithelial integrity.   321 

 322 

Discussion 323 

In this study, we examined how epithelial cells can cope with and are able to remain 324 

within the tissue upon loss of septate junction integrity. We report that loss of bSJs 325 

and tSJs by altering the paracellular diffusion barrier triggers an ESCRT-dependent 326 

response to favour bSJ membrane protein recycling instead of promoting lysosomal 327 

degradation. By reducing the ESCRT-dependent degradative pathway, the cellular 328 

levels of ESCRT cargoes, including Crb and Mys, become elevated. First, we propose 329 

that Crb overactivation might be, at least in part, responsible for the change in apical 330 

actomyosin contractility/cellular mechanics. Secondly, FA contact points, containing 331 

Vinc and Mys, are assembled. We propose a model whereby Crb overactivation and 332 

FA contact formation may compensate for bSJ contact alteration, by reinforcing 333 

adhesion, ensuring mechanical barrier integrity. 334 

A mechanism sensing bicellular septate junction defects 335 

In the pupal notum, the loss of tSJs leads to a loss of bSJ signal at the vertex [14], 336 

weakening the three-cells contact ultimately leading to gaps [this study], preventing 337 
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cells from fulfilling their role of paracellular diffusion barrier. We propose, based on our 338 

previous study [14] and the work of [40] and [41] in which SJ defects have been shown 339 

to trigger large membrane deformations, that epithelial cells are capable of detecting 340 

SJ defects. Our work shows that a part of the sensing mechanism involves the ESCRT 341 

machinery. This machinery exhibits two main functions in endosomal sorting. First, at 342 

the outer surface of nascent MVBs, ESCRT machinery is involved in the targeting of 343 

ubiquitinylated proteins into intraluminal vesicles, which contain the cargoes destined 344 

for lysosomal degradation. Secondly, ESCRT machinery regulates retromer-345 

dependent recycling of bSJ components. The accumulation of the FK2 protein shown 346 

here indicates that the primary function of Shrub is attenuated upon alteration of SJ 347 

integrity, and we propose that it is in favour of the recycling function. The increased 348 

recycling of bSJ components occasioned by the loss of tSJs would contribute to the 349 

appearance of large membrane deformations containing an excess of bSJ 350 

components. In contrast, the loss of bSJ components, such as Nrv2, Cora or Nrx-IV 351 

leads to an overall reduction in the bSJ components Cora, Nrx-IV, ATP-α and Kune-352 

Kune. Indeed, the removal of one of the core components of bSJ prevents assembly 353 

and stabilization of bSJs, as shown by fluorescence recovery after photo bleaching 354 

(FRAP) analysis [16, 42]. Importantly, it is not the case upon the loss of tSJ proteins 355 

[16]. Hence, bSJ-positive membrane deformations appear only upon the loss of tSJ 356 

proteins. However, in both cases, the degradative function of Shrub is affected, as 357 

attested by the hyperactivation of Crb and the strengthening of FAs (see below).  358 

 359 

How can cells sense SJ alteration, modify Shrub function and impact intracellular 360 

trafficking? Is it due to the sensing of defects in the paracellular diffusion barrier or in 361 

cell adhesive properties, or a combination of both? It is interesting to note that 362 

numerous SJ components are GPI-anchored proteins and that, for example, wunen-1 363 

and wunen-2 encode lipid phosphate phosphatase [43], so the lipid composition of the 364 

lateral plasma membrane is likely to be affected upon the loss of SJ components. In 365 

vertebrates, the permeability of the blood–brain barrier is regulated by the major 366 

facilitator superfamily domain containing 2a (Mfsd2a) [44]. Mfsd2a is a central nervous 367 

system (CNS) endothelial-cell-specific lipid transporter that delivers the omega3-fatty 368 

acid docosahexaenoic acid into the brain via transcytosis. Lipids transported by 369 

Mfsd2a create a unique lipid composition in CNS endothelial cells that specifically 370 

inhibits caveolae-mediated transcytosis to maintain the blood-brain barrier integrity 371 
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[45]. By analogy to Mfsd2a, in Drosophila pupal notum, changes in the lipid transported 372 

or in the lipid content of the plasma membrane could be sensed upon alteration of SJ 373 

integrity and modify intracellular trafficking (i.e. ESCRT-dependent recycling of SJ 374 

components). Changes in lateral plasma membrane lipid composition upon SJ 375 

alteration could also impact the lipid composition of endosomal compartments that, in 376 

turn, could participate in modulating the recycling versus the degradative function of 377 

ESCRT [46-48]. 378 

 379 

Consequences of septate junction alteration on cellular mechanics and 380 

adhesion 381 

In both bSJ and tSJ mutant cells, Crb is enriched at the apical pole of the cells. As Crb 382 

is a known binding partner of the β-Heavy Spectrin Karst [37], Crb defects are 383 

proposed to cause the enrichment of Karst in the bSJ/tSJ mutant cells. Furthermore, 384 

the enrichment of Myo-II::GFP, and especially p-Myo-II, might be due to the 385 

upregulation of the activator Rho-kinase (Rok), another known partner of Crb [49]. 386 

Moreover, Rok activates Moesin, which links the cell membrane to the actin cortex 387 

[50], and Moesin binds to Crb via its FERM domain [51]. Because Moesin is involved 388 

in constructing a rigid cortical actin (for example, leading to cell rounding during mitosis 389 

[52, 53]), the enrichment of Crb could explain why F-actin and Myo-II enrichment is 390 

observed in aka mutant cells, even though removing one copy of Crb was not enough 391 

to rescue the phenotype, and indirectly explain the change in E-Cad levels and in the 392 

tensile forces. Interestingly, the Drosophila tSJ protein M6 has been recently reported 393 

to act as an interplay partner of Ajuba [54] and loss of M6 is associated with elevated 394 

signal of Ajuba at vertices. The fact that we similarly observed elevated signal of Ajuba 395 

upon loss of Aka, reinforce the idea of AJ remodelling by direct links between tSJ and 396 

AJ/acto-myosin cytoskeleton components. However, we did not observe differences 397 

in the recoil velocity of Aka or Nrv2 mutant cells upon laser ablation. A plausible 398 

explanation seems related to the fact that all mutant cells have their actomyosin and 399 

linked AJs remodelled. Therefore, the pulling forces are homogenous, as in WT 400 

conditions, and might be equal on both sides of the junctions. Hence, ablation of a 401 

boundary between WT and mutant cells alone might be informative to observe a 402 

potential increase in the recoil velocity if we assume from all other data that both 403 

populations exhibit an overall difference in force balance. However, this cannot be 404 
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done because in both the aka and nrv2 contexts, boundaries between WT and mutant 405 

cells, display enrichment of E-Cad, Myo-II and F-actin. Another explanation could be 406 

that a higher amount of E-Cad and associated actomyosin enhanced the friction at the 407 

junctional level, therefore reducing the eventual extra pulling forces [55]. An argument 408 

in favour of similar tension in both WT/heterozygous and mutant cells is that clones of 409 

mutant cells remained cohesive and not dispersed among WT cells (or vice versa). 410 

One could expect mixing of cells upon differential tension at boundaries, as highlighted 411 

in [56]. An argument for changes in tensile forces in aka mutant cells is the formation 412 

of shorter cell–cell interfaces during cytokinesis. However, although these short 413 

interfaces could result from high contractile forces within the cytokinetic ring and 414 

reduced resistance from neighbours, they could also be the consequence of higher 415 

levels of E-Cad and the subsequent delay in E-Cad disengagement, as reported in 416 

Drosophila embryos [29]. Last but not least, the enhanced adhesion between cells and 417 

the extracellular matrix, as revealed by the increase presence of Mys and Vinc, could 418 

be a potent explanation for the lack of differences in recoil velocities. Increased 419 

amount of E-Cad also attests of stronger adhesive properties which act against tension 420 

created by the Myo-II. In any case, the proposed changes in mechanical forces in aka 421 

mutant cells remains such that it does not induce apical constriction and subsequent 422 

basal-cell extrusion or the induction of a fold in the tissue. The changes observed 423 

argue instead in favour of reinforcing adhesion to prevent cell extrusion. 424 

 425 

Another argument in favour of a reinforcement of adhesive properties upon SJ 426 

alterations is the assembly of Vinc and Mys FAs laterally and basally. Although FA 427 

contacts, restricted to the basal site, are present at the location of attachment sites of 428 

flight muscles, rather late in pupal development [57], it is notable that FAs are being 429 

detected in aka clones as early as 15–16 h after puparium formation. Although Mys 430 

and Vinc are expressed in control epithelial cells, they do not necessarily assemble 431 

into FAs. Although we cannot exclude the possibility that the alteration of SJs may 432 

lead to transcriptional upregulation of Mys, we favour the hypothesis that reduced 433 

degradation of Mys by the ESCRT machinery contributes to FA assembly. We propose 434 

that such contacts contribute to the maintenance of epithelial cells within the 435 

epithelium layer, hence contributing to mutant cells’ preservation of epithelial 436 

mechanical integrity upon SJ disturbance.  437 

   438 
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Does a similar sensing mechanism exist in vertebrates upon alteration of TJs?  439 

A recent study revealed that serine proteinases are used to cleave the TJ complex 440 

form by proteins EpCAM and Claudin-7 upon TJ damages, releasing Claudin-7 and 441 

ensuring TJ rapid repair [60]. It remains to be determined whether such mechanisms 442 

described for small leaks apply to larger alterations of the TJ belt, as we report here in 443 

flies, and involve AJ and FA reinforcement of adhesive properties. Also, the observed 444 

changes at apical level might be mostly due to direct effects. Indeed, Tricellulin, a key 445 

tricellular TJ effector in vertebrates, has been shown to bind directly to the AJ 446 

component α-Catenin which then binds to F-actin and Vinculin. The binding of 447 

Tricellulin to α-Catenin is required to organize contractility and proper sealing at TCJ 448 

[61].  449 

Due to their importance in ensuring epithelia homeostasis, deciphering between direct 450 

and indirect consequences of TJ alterations remains a key question to explore in the 451 

future. 452 

 453 

 454 

Acknowledgements 455 

We thank A. Guichet, C. Klämbt, E. Knust, T. Lecuit, S. Luschnig, J. Mathieu, J. 456 

Treisman, K. Röper and A. Uv for reagents. We also thank J. R. Huynh and J. Mathieu 457 

(CIRB, Paris) for sharing the ShrubGFP CRISPR line prior to publication and the 458 

Bloomington Stock Center, the Vienna Drosophila RNAi Center and the National 459 

Institute of Genetics Fly Stock Center for providing fly stocks. We also thank S. 460 

Dutertre and X. Pinson from the Microscopy Rennes Imaging Center-BIOSIT (France). 461 

We are grateful to A. Dupont and A. Jankowska for excellent technical support for the 462 

electron microscopy. The JEM 2100 HT transmission electron microscope was 463 

available at the Laboratory of Microscopy, Department of Cell Biology and Imaging, 464 

Institute of Zoology and Biomedical Research, Jagiellonian University. The 465 

monoclonal antibodies against Cora and DE-Cad were obtained from the 466 

Developmental Studies Hybridoma Bank, generated under the auspices of the 467 

National Institute of Child Health and Human Development, and maintained by the 468 

University of Iowa Department of Biological Sciences. 469 

 470 

Competing interests 471 

The authors declare no competing or financial interests. 472 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059


 473 

Author contributions 474 

Conceptualization: T.E.d.B and R.L.B.; methodology: T.E.d.B, M.K.J., E.D and R.L.B.; 475 

investigation: T.E.d.B, M.K.J., E.D and R.L.B.; formal analysis: T.E.d.B and R.L.B.; 476 

visualization, T.E.d.B, M.K.J. and R.L.B.; writing – original draft: T.E.d.B and R.L.B.; 477 

writing – review and editing: T.E.d.B and R.L.B.; funding acquisition: T.E.d.B, M.K.J. 478 

and R.L.B.; supervision: R.L.B. 479 

 480 

Funding 481 

This work was supported in part by a research grant (N18/DBS/000013 to M.K.J.) and 482 

in part by the Fondation pour la Recherche Médicale, grant number 483 

FDT202001010770 (T.E.d.B.), the Agence Nationale de la Recherche (ANR-20-484 

CE13-0015 to R.L.B.). 485 

 486 

 487 
KEY RESOURCES TABLE 488 

REAGENT or RESOURCE SOURCE IDENTIFIER 
Antibodies 
Mouse anti-Coracle (1:200) DSHB C615.16, RRID: 

AB_1161644 
Rat anti-E-Cad (1:500) DSHB DCAD2; AB_528120 
Rabbit Anti-Kune (1:1000) [62] Gift from Mikio 

Furuse 
Mouse anti-HRS (1:100) DSHB 27-4 
Rabbit anti-Nrx-IV (1:1000) [63] Gift from Christian 

Klämbt 
Goat anti-GFP (1:1000) Abcam Cat#ab5450 
Mouse anti-FK2 (1:1000) Sigma-Aldrich Cat#04-263 
Rat anti-Crb (1:1000) [64] Gift from Elisabeth 

Knust 
Rabbit anti-Mys (1:200) DSHB CF.6G1, RRID 

AB_528310 
Mouse Anti phospho MyoII Cell Signalling Cat#mab 3675 

Cy2-, Cy3- and Cy5-coupled secondary antibodies 
(1:300) 

The Jackson Laboratory N/A 

Alexa FluorTM 647 Phalloidin (1:1000) Thermo Fisher Scientific Cat#A22287 
Chemicals, Peptides, and Recombinant Proteins 
Paraformaldehyde EMS 19340-72 
Triton X-100 Euromedex 2000B 
Phosphate Buffered Saline Lonza BE17-515F 
Voltalef VWR 24627.188 
Experimental Models: Organisms/Strains 
D.melanogaster: Myo-II::GFPcrispr [14] N/A 
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D.melanogaster: hs-FLP ; akaL200, FRT40A / CyO [14] N/A 
D.melanogaster: ; E-Cad::GFP; [65] N/A 
D.melanogaster:  ; nrv2k13315, FRT40A / CyO [66] DGRC 114351 
D.melanogaster: ;; FRT 82B, Crb 11A22 [67] Gift from Ulrich 

Tepass 
D.melanogaster: hs-FLP, UAS-GFP, y[1] w[*]; tub-GAL80 
FRT40A; tub-GAL4 /TM6C, Sb1, Tb1 

[68] Stock: 5192 

D.melanogaster: ; Shrub::GFP / CyO ; N/A Gift from Juliette 
Mathieu 

D.melanogaster: w ;; Jub::GFP / TM2 [33] Stock: 56806 
D.melanogaster: w ;; UAS-KAEDE BDSC RRID: BDSC 26161 
D.melanogaster: ;; Crb::GFP  [65] Crb::GFP-A GE24 
D.melanogaster: ;; Vinc::GFP [32] Gift from Thomas 

Lecuit 
D.melanogaster: w1118 ;; Karst ::YFP Kyoto Stock Center Stock: 115 518 
D.melanogaster: hs-FLP ; ubi-RFP nls, FRT40A / (CyO) [69] Gift from Antoine 

Guichet 
D.melanogaster: ; UAS-aka-RNAi [70] BDSC 67014 
D.melanogaster: UAS-Nrx-IV-RNAi VDRC Stock Center VDRC 108 128 
D.melanogaster: ;; UAS-cora-RNAi VDRC Stock Center VDRC 9788 
D.melanogaster: ;; UAS-shrub-RNAi [70] BDSC 38305 
D.melanogaster: ;; UAS-mys-RNAi/TM3, Sb [70] BDSC 27735 
D.melanogaster: ;; pnr-Gal4 / TM6, Tb1 [71] N/A 
D.melanogaster: ;; sca-Gal4 [72] N/A 
Software and Algorithms 
Fiji [73] https://imagej.net

/Fiji 
Illustrator Adobe Systems Adobe Illustrator CS6 
Prism 8 GraphPad GraphPad 
Others 
Confocal Microscope Leica LSM TCS SPE, TCS 

SP5 and TCS SP8 
Confocal Microscope Zeiss Confocal LSM 880 

Airyscan 
 489 
Experimental model  490 

Drosophila genotypes 491 

Figure 1 492 
(A–A′) UAS-aka-RNAi ; pnr-Gal4 obtained by crossing UAS-aka-RNAi with pnr-Gal4 / 493 
TM6, Tb1 494 
(B–B′) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A, E-Cad::GFP ; obtained by 495 
crossing hs-FLP ; akaL200, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A, 496 
ECad::GFP / CyO 497 
(D–D′) hs-FLP ; Myo-II::GFP; ubi-RFP nls, FRT40A / CyO obtained by crossing Myo-498 
II::GFP; ubi-RFP nls, FRT40A / CyO ; with hs-FLP ; akaL200, FRT40A / CyO 499 
(F–F′) hs-FLP ; akaL200, FRT40A / ubi -RFP nls, FRT40A obtained by crossing hs-FLP; 500 
akaL200, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A / (CyO) 501 
 502 
Figure 2 503 
(A–A′ and C) hs-FLP ; Myo-II::GFP; ubi-RFP nls, FRT40A / CyO obtained by crossing 504 
Myo-II::GFP; ubi-RFP nls, FRT40A / CyO ; with hs-FLP ; akaL200, FRT40A /CyO 505 
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(F-G) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A, E-Cad::GFP ; obtained by 506 
crossing hs-FLP ; akaL200, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A, 507 
ECad::GFP / CyO 508 
 509 
 510 
Figure 3 511 
(A-D’) Shrub::GFP ; UAS-cora-RNAi / UAS-KAEDE, pnr-Gal4 obtained by crossing 512 
UAS-cora-RNAi with ; Shrub::GFP ; UAS-KAEDE, pnr-Gal4 / SM5-TM6, Tb 513 
 514 
Figure 4 515 
(A) sca-Gal4 / UAS-shrub-RNAi obtained by crossing ;; sca-Gal4 with ;; UAS-shrub-516 
RNAi 517 
(B–C′′) Shrub::GFP ; UAS-cora-RNAi /pnr-Gal4 obtained by crossing UAS-cora-RNAi 518 
with ; Shrub::GFP ; pnr-Gal4 / SM5-TM6, Tb 519 
(D–D′′) Shrub::GFP ; UAS-Nrx-IV-RNAi / pnr-Gal4 obtained by crossing UAS-Nrx-IV-520 
RNAi with Shrub::GFP ; pnr-Gal4 / TM6, Tb 521 
(E) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A obtained by crossing hs-FLP; 522 
akaL200, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A / (CyO) 523 
 524 
Figure 5 525 
(A–A′′) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A ; Crb::GFP / + obtained by 526 
crossing ubi-RFP nls, FRT40A / CyO ; Crb::GFP / TM6, Tb1 with hs-FLP ; akaL200, 527 
FRT40A / CyO 528 
(B–B′′) hs-FLP ; akaL200, FRT40A / ubi -RFP nls, FRT40A obtained by crossing hs-FLP 529 
; akaL200, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A / (CyO) 530 
(D-D’) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A, E-Cad::GFP ; FRT82B, 531 
Crb11a22 / + obtained by crossing ; akaL200, FRT40A / CyO ; FRT82B, Crb11a22 / TM6, 532 
Tb1 with hs-FLP ; ubi-RFP nls, FRT40A, ECad::GFP / CyO 533 
 534 
Figure 6 535 
(A–D) hs-FLP ; akaL200, FRT40A / ubi -RFP nls, FRT40A obtained by crossing hs-536 
FLP ; akaL200, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A / (CyO) 537 
(E-E’) hs-FLP, UAS-GFP; akaL200, FRT40A / tub-GAL80, FRT40A; UAS-mys-RNAi- / 538 
tub-GAL4 obtained by crossing akaL200, FRT40A; UAS-mys-RNAi /SM5-TM6b, Tb 539 
with hs-FLP, UAS-GFP, tub-GAL80, FRT40A; tub-GAL4 /TM6C, Sb, Tb 540 
 541 
Figure S1 542 
(A–A′′) hs-FLP ; nrv2k13315, FRT40A / ubi -RFP nls, FRT40A, E-Cad::GFP ; obtained 543 
by crossing hs-FLP ; nrv2k13315, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A, 544 
E-Cad::GFP / CyO 545 
(C–C′′) hs-FLP / Myo-II::GFP ; nrv2k13315, FRT40A / ubi-RFP nls, FRT40A obtained by 546 
crossing Myo-II::GFP; ubi-RFP nls, FRT40A / CyO ; with hs-FLP ; nrv2k13315,FRT40A 547 
/ CyO 548 
(E-E’) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A, E-Cad::GFP ; obtained by 549 
crossing hs-FLP ; akaL200, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A, 550 
ECad::GFP / CyO 551 
 552 
Figure S2 553 
(A–D′) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A ; Vinc::GFP / + obtained by 554 
crossing ubi-RFP nls, FRT40A / CyO ; Vinc::GFP / TM6, Tb1 with hs-FLP ; akaL200, 555 
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FRT40A / CyO 556 
(E–E′) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A ; Karst::YFP / + obtained by 557 
crossing ; ubi-RFP nls, FRT40A / CyO ; Karst::YFP / TM6, Tb1 with hs-FLP ; akaL200, 558 
FRT40A / CyO 559 
(G-G’) hs-FLP ; akaL200, FRT40A / ubi-RFP nls, FRT40A ; Jub::GFP / + obtained by 560 
crossing ; ubi-RFP nls, FRT40A / CyO ; Jub::GFP / TM2 with hs-FLP ; akaL200, FRT40A 561 
/ CyO 562 
 563 
Figure S3 564 
(A–A′) hs-FLP ; akaL200, FRT40A / ubi -RFP nls, FRT40A obtained by crossing hs-FLP 565 
; akaL200, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A / (CyO) 566 
(C–C′) hs-FLP ; nrv2k13315, FRT40A / ubi -RFP nls, FRT40A ; obtained by crossing hs-567 
FLP ; nrv2k13315, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A / CyO 568 
 569 
Figure S4 570 
(A-B’’’’) sca-Gal4 / UAS-shrub-RNAi obtained by crossing ;; sca-Gal4 with ;; UAS-571 
Shrub-RNAi 572 
 573 
Figure S5 574 
(A–A′′) hs-FLP ; nrv2k13315, FRT40A / ubi-RFP nls, FRT40A ; Crb::GFP / + obtained by 575 
crossing ; ubi-RFP nls, FRT40A / CyO ; Crb::GFP / TM6, Tb1 with hs-FLP ; nrv2k13315, 576 
FRT40A / CyO 577 
(B–B′′) hs-FLP ; nrv2k13315, FRT40A / ubi -RFP nls, FRT40A ; obtained by crossing hs-578 
FLP ; nrv2k13315, FRT40A / CyO with hs-FLP ; ubi-RFP nls, FRT40A / CyO 579 
 580 
Figure S6 581 
(A-A’’’’) sca-Gal4 / UAS-shrub-RNAi obtained by crossing ;; sca-Gal4 with ;; UAS-582 
shrub-RNAi 583 
 584 
 585 
 586 
Method details 587 
Immunofluorescence 588 

Pupae aged from 16h30 to 19h after puparium formation (APF) were dissected using 589 

Cannas microscissors (Biotek, France) in 1X Phosphate-Buffered Saline (1X PBS, pH 590 

7.4) and fixed 15 min in 4% paraformaldehyde at room temperature [74]. Following 591 

fixation, dissected nota were permeabilized using 0.1% Triton X-100 in 1X PBS (PBT), 592 

incubated with primary antibodies diluted in PBT for 2 hours at room temperature (see 593 

the Key Resources Table for details of antibodies and dilutions used). After 3 washes 594 

of 5 minutes in PBT, nota were incubated with secondary antibodies in PBT for 1 hour, 595 

followed by 2 washes in PBT, and one wash in PBS, prior mounting in 0,5% N-596 

propylgallate dissolved in 90% glycerol/PBS 1X final. 597 

 598 

Live-imaging and image analyses 599 
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Live imaging was performed on pupae aged for 16h30 APF at 25°C. Pupae were 600 

sticked on a glass slide with a double-sided tape, and the brown pupal case was 601 

removed over the head and dorsal thorax using microdissecting forceps. Pillars made 602 

of 4 and 5 glass coverslips were positioned at the anterior and posterior side of the 603 

pupae, respectively. A glass coverslip covered with a thin film of Voltalef 10S oil is 604 

then placed on top of the pillars such that a meniscus is formed between the dorsal 605 

thorax of the pupae and the glass coverslip [75]. Images were acquired with an LSM 606 

Leica SPE, SP5 or SP8 equipped with a 63X N.A. 1.4. objective and controlled by LAS 607 

AF software or by LSM Zeiss 880 AiryScan equipped with a 63X N.A.1.4. objective 608 

and controlled by ZEN software. Confocal sections (z) were taken every 0.5 µm or 609 

1µm. For figures representation, images were processed with Gaussian Blur σ = 1.1. 610 

All images were processed and assembled using Fiji software [73] and Adobe 611 

Illustrator. 612 

 613 

Nanoablation 614 

Laser ablation was performed on live pupae aged for 16h to 19h APF using a Leica 615 

SP5 confocal microscope equipped with a 63X N.A. 1.4 objective or a LSM Zeiss 880 616 

AiryScan equipped with a 63X N.A. 1.4 objective. Ablation was carried out on epithelial 617 

cell membranes at AJ level with a two-photon laser-type Mai-Tai HP from Spectra 618 

Physics set to 800 nm and a laser power of 2.9W.  619 

 620 

Quantification and statistical analysis 621 

 622 

Fluorescence signal analysis 623 

Sum slices were applied to different experiments. A circular ROI of 2µm*2µm was 624 

drawn to measure signal at vertices, a circular ROI of 3µm*3µm for the medial network 625 

and centered in the measured cells and a segmented line of 10 pixels width was used 626 

to measure signals at bicellular junctions. Using the same width or diameter, lines and 627 

circular ROI were drawn to extract background fluorescence signals and the 628 

background signal was subtracted to each quantification. After, data were 629 

standardized between 0 and 10 to allow visual representation with 10 corresponding 630 

to the highest signal in each experiment analyzed and 0 the lowest. Standardization 631 

was operated on data of cells belonging to the same notum in every experiment. 632 
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 633 

Cell area quantification 634 

Sum slices projection was applied then WT and akaL200 cells were discriminated on 635 

their presence/absence of nls::RFP signal. We excluded cells at the border of the WT/ 636 

akaL200 clonal area. A mask was applied based on the E-Cad::GFP or E-Cad signal 637 

and area in µm2 was extracted. Appropriate statistical tests were used to check for 638 

significative differences. 639 

 640 

Measurement of the length of the new adhesive interface at cytokinesis 641 

The time t = 0 was set according to the frame just before the beginning of the 642 

contraction of the cell. Each frame was separated by 2 min. The maximal expected 643 

size of the junction was inferred shorly after the beginning of the contraction with the 644 

presumptive localization of the two future vertices, i.e. the place where the initial 645 

decrease of E-cad is detected  [28, 30]. Then, at every time point, the length was 646 

measured at the new vertices formed and standardized to the initial maximal expected 647 

size. 648 

 649 

Statistical tests 650 

All information concerning the statistical details are provided in the main text and in 651 

figure legends, including the number of samples analyzed for each experiment. Prism 652 

8 software or R 4.2.1 were used to perform the analyses.  653 

Scattered plots use the following standards: thick line indicate the means and errors 654 

bars represent the standard deviations. Boxplots with connected line use the following 655 

standards: dots represent mean and the total-colored areas show SD. 656 

The Shapiro-Wilk normality test was used to confirm the normality of the data and the 657 

F-test to verify the equality of SD. The statistical difference of data sets was analyzed 658 

using the Student unpaired two-tailed t test, Multiple t tests, Fisher t test or the non-659 

parametric Wilcoxon-Mann-Whitney test. Statistical significances were represented as 660 

follow: p value > 0.05 NS (not significant), p-value≤0.05*; p-value≤0.01** and p value 661 

≤  0.0001 ****. 662 

  663 
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Figure and Figure Legends 664 

 665 
Figure 1: Consequence of loss of Anakonda on tricellular septate junction 666 

morphology and adherens junction components 667 
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Transmission electron microscopy of wild-type (A) and aka RNAi (A′) pupal notum. 668 

Note that Aka-depleted cells present an intercellular gap (asterisk) at the tricellular 669 

junction at the level of the nucleus. N: cell nucleus; arrows: cell membranes. (B–B′, D–670 

D′ and F–F′) Localization of E-Cad::GFP (B, fire colour), Myo-II::GFP (D, fire colour) 671 

or F-actin (F, phalloidin, fire colour) in wild-type and akaL200 cells. Wild-type cells, 672 

identified by nls::RFP (grey in panels B′, D′ and F′), are separated from akaL200 cells 673 

by the dashed yellow line. (C) Plot of the standardized E-Cad::GFP signal at bicellular 674 

junctions and vertices in wild-type (blue squares) and akaL200 cells (red circles) (n = 675 

201 and 193 vertices and n = 208 and 188 bicellular junctions for wild-type and akaL200 676 

respectively; >5 pupae for each condition). (E) Plot of the standardized Myo-II::GFP 677 

signal at bicellular junctions, vertices as well as medial network in wild-type (blue 678 

squares) and akaL200 cells (red circles) (n = 54 and 42 vertices and n = 84 and 61 679 

cellular medial networks and n = 55 and 56 bicellular junctions for wild-type and  680 

akaL200, respectively; n = 5 pupae for each condition). (G) Plot of the standardized F-681 

actin signal at bicellular junctions and vertices in wild-type (blue squares) and akaL200 682 

cells (red circles) (n = 45 and 55 vertices and n = 47 and 54 bicellular junctions for 683 

wild-type and akaL200, respectively; n = 5 pupae for each condition). Bars show mean 684 

± SD, ****p < 0.0001, Mann–Whitney test. A calibration bar shows LUT for grey value 685 

range. The scale bars represent 500 nm for panels A–A′ and 5 µm for panels B–F′. 686 

White squares represent close-up of WT and green squares of akaL200 situations for 687 

panels B, D and F. 688 

 689 
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 690 
Figure 2: Loss of Anakonda promotes Myo-II activation and mechanical 691 

disturbances at adherens junction level during interphase and cytokinesis 692 

(A) Localization of phospho-Myo-II (pMyo-II; fire color) in  wild type (nls::RFP positive) 693 

and akaL200 mutant cells (nls::RFP negative). (B) Plot of the standardized pMyo-II 694 

signal at tri- and bicellular junctions as well as medial network in wild-type (blue 695 

squares) and akaL200 cells (red circles) (n = 57 and 67 vertices, n = 65 and 66 cellular 696 
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medial networks and n = 62 and 61 bicellular junctions for wild-type and akaL200, 697 

respectively; n > 5 pupae for each condition). (C) Cytokinesis of a WT cell expressing 698 

Myo-II::GFP between 16h-19h APF, after heat-shock to induce clone of wild type and 699 

mutant cells for akaL200. Representation of a WT cell cytokinesis with recruitment of 700 

a higher amount of Myo-II::GFP at the contact with akaL200 cell (marked by the green 701 

asterisk, green arrow for Myo-II::GFP signal) compared to the WT one (white arrow). 702 

Myo-II::GFP recruitment is asymmetrical in terms of Myo-II::GFP signal intensity. 703 

Kymograph represents the asymmetric enrichment of Myo-II::GFP of the WT and 704 

akaL200newly formed vertices depicted above. (D) Plot representing the Myo-II::GFP 705 

signal during cytokinesis at the WT (blue line) and akaL200 (red line) newly formed 706 

vertices depicted in C. Time is min:sec with t=0 corresponding to the anaphase onset. 707 

(E) Histogram representing the percentage of cells displaying symmetrical (black) or 708 

asymmetrical (dark grey) Myo-II::GFP recruitment during cytokinesis of WT with WT 709 

neighbours and of WT with one WT and one akaL200 neighbours (n = 29 and n =12 ; n 710 

= 8 and n = 17 for symmetrical and asymmetrical enrichment in WT and akaL200 711 

conditions respectively; n > 5 pupae for each condition). (F-H) Cytokinesis of notum 712 

cells expressing E-Cad::GFP at 16h APF, after heat-shock to induce clone of wild type 713 

(F) and mutant cells for akaL200 (G). Time is min:sec with t=0 corresponding to the 714 

anaphase onset. L represents the length of the new cell/cell interface. (H) Plot of the 715 

mean length interface at each corresponding time points. Wild type situation is 716 

represented by blue squares and akaL200 situation is represented by red circles. Bars 717 

show Mean ± SD, * p < 0.05, ** p < 0.005, *** p = 0.0001, **** p < 0.0001, unpaired t 718 

test and Mann-Whitney test for panels B, Fisher t test for panel E and Multiple t test 719 

for panel H. A calibration bar shows LUT for grey value range. The scale bars 720 

represent 5µm. White square represents close-up of WT and green square of akaL200 721 

situations for panel A. 722 

 723 
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 725 
Figure 3: Septate junction defects are associated with increased number of 726 

HRS- and ESCRT III protein Shrub-positive structures  727 

(A-B’ and C-D’) Localization of Shrub::GFP + GFP antibody (green), KAEDE (A-F’) in 728 

cells marked by Nrx-IV (anti-Nrx-IV, grey) and HRS (anti-HRS, magenta) in wild type 729 

and cells expressing UAS::cora-RNAi together with UAS::KAEDE under pnr-Gal4 730 

control. (A-B’) Localization of Shrub::GFP + GFP antibody and HRS in a wild-type area 731 

of a tissue expressing UAS::cora-RNAi and UAS::KAEDE under pnr-Gal4 control 732 
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(KAEDE negative and regular Nrx-IV signal in (A’) in a planar view (A, A’ and B) or in 733 

a transversal view (B’). Yellow dashed square shows (B and B’) magnification of wild 734 

type cell with colocalization between Shrub::GFP and HRS at SJ level showed by Nrx-735 

IV. (C-D’) Localization of Shrub::GFP + GFP antibody and HRS in cells expressing 736 

UAS::cora-RNAi and UAS::KAEDE under pnr-Gal4 control (KAEDE positives and Nrx-737 

IV reduced signal in (C’)) in a planar view (C, C’ and D) or in a transversal view (D’). 738 

Yellow dashed squares show (D-D’) magnification of aggregates of Shrub::GFP 739 

surrounded by HRS staining. The scale bar represents 5µm (A and C) and 3µm in (B’ 740 

and D’).  741 

 742 
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 744 
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Figure 4: Septate junction defects leads to the enlargement of ESCRT III protein 745 

Shrub- and ubiquitinylated proteins- positives structures 746 

(A) Localization of FK2 (anti ubiquitinylated proteins, magenta) in cells marked by Nrx-747 

IV (anti-Nrx-IV, white) expressing UAS::shrub-RNAi under sca-Gal4 control. (B-C’) 748 

Localization of Shrub::GFP + GFP antibody (green), in cells marked by Nrx-IV (anti-749 

Nrx-IV, white) and FK2 (anti ubiquitinylated proteins, magenta) in wild type and cells 750 

expressing UAS::cora-RNAi or UAS::Nrx-IV-RNAi under pnr-Gal4 control. (B-C’’) 751 

Localization of Shrb::GFP + GFP antibody and FK2 in a wild-type area (regular Nrx-752 

IV signal in (B)) or in cells expressing UAS::cora-RNAi under pnr-Gal4 control (Nrx-IV 753 

reduced signal in (C)). Yellow dashed square shows (C’ and C’’) magnification of cells 754 

with partial or no colocalization between Shrb::GFP and FK2 as well as aggregates of 755 

FK2 surrounded by Shrb::GFP staining in a planar view (C’) and transversal view (C’’). 756 

(D-D’’) Localization of Shrub::GFP + GFP antibody and FK2 in cells expressing 757 

UAS::Nrx-IV-RNAi under pnr-Gal4 control (Nrx-IV signal disappearance in (D)). Yellow 758 

dashed square shows (D’ and D’’) magnification of cells with partial or no colocalization 759 

between Shrb::GFP and FK2 in a planar view (D’) and transversal view (D’’). (E) 760 

Localization of FK2 in both wild-type and akaL200 cells, separated by the dashed yellow 761 

line. Clones of wild-type and akaL200 cells identified by nls::RFP marking (magenta). 762 

The scale bar represents 5µm (A, B, C, D and E) and 3µm in (C’’ and D’’). 763 

 764 
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 765 
Figure 5: Loss of Anakonda leads to higher level of Crumbs at both junctional 766 

and medial part of the cell 767 

(A-A’) Localization of Crb::GFP in both wild-type and akaL200 cells, separated by the 768 

dashed yellow line. (A’) Clones of wild-type and akaL200 cells identified by nls::RFP 769 
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marking. White squares show (A’’) magnification of cell depicted in (A). (B-B’’) 770 

Localization of anti-Crb in both wild-type and akaL200 cells, separated by the dashed 771 

yellow line. (B’) Clones of wild-type and akaL200 cells identified by nls::RFP marking. 772 

White squares show (B’’) magnification of cell depicted in (B). (C) Scheme 773 

representing junctional and medial population of Crb staining. (C’) Plot of the 774 

standardized Crb::GFP signal at the medial and junctional part of the cell or Crb-ab 775 

only at the medial part, in wild type (blue squares) and akaL200 cells (red circles). (n = 776 

100 and 96 cellular medial networks with Crb::GFP, n = 110 and 119 junctions with 777 

Crb::GFP and n = 90 and 88 cellular medial networks with Crb-ab for wild-type and 778 

akaL200 respectively, n = 5 pupae for each condition). (D-D’) Localization of E-779 

Cad::GFP (D, fire colour) in wild-type (D′, nls::RFP-positive cells in grey) and akaL200 780 

(D′, nls::RFP negative) cells lacking one copy of Crb (Crb+/-). Wild-type and akaL200 781 

cells are separated by the dashed yellow lines in (D–D′). Higher magnification of yellow 782 

dashed square depicted in panels D for wild-type and akaL200 cells. (E) Plot of the 783 

standardized E-Cad::GFP signal at bicellular junctions and vertices in wild-type (blue 784 

squares) and akaL200 (red circles) cells lacking one copy of Crb (n = 55 and 57 bicellular 785 

junctions and n = 59 and 58 vertices for wild-type and akaL200 cells respectively; n = 4 786 

pupae for each condition). (F) Quantification of the cell area (in µm2) of WT (blue 787 

squares, n = 136 cells, n = 4 pupae) and akaL200 cells lacking one copy of Crb (red 788 

circles, n = 75 cells, n = 4 pupae). Bars show Mean ± SD, **** p < 0.0001, Mann-789 

Whitney test. A calibration bar shows LUT for grey value range. The scale bars 790 

represent 5µm. White squares represent close-up of WT and green squares of akaL200 791 

situations for panels A, B and D. 792 
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 794 
 795 

Figure 6: Loss of Anakonda triggers formation of focal adhesions contact  796 

(A) Localization of Mys (green) and F-actin (magenta) in both wild-type and akaL200 797 

cells in a planar view at the basal level, separated by the dashed yellow line. (B) 798 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059


Transversal view of images depicted in A. (C) Localization of Mys (green) and 799 

Vinc::GFP (magenta) in both wild-type and akaL200 cells in a planar view at the basal 800 

level, separated by the dashed yellow line. (D) Transversal view of images depicted in 801 

C. (n > 5 pupae for each condition). (E) Localization of E-Cad (anti-E-Cad; E, fire 802 

colour) and Mys stained with Mys antibody (E’’, green color) in wild-type (E′, nls::RFP-803 

negative cells in grey) and akaL200 (D′, nls::RFP positive) cells in which Mys is knock-804 

downed (RNAi-mys). Wild-type and akaL200 cells are separated by the dashed yellow 805 

lines in (E). Higher magnification of yellow dashed square depicted in panels E for 806 

wild-type and akaL200 cells. (E) Plot of the standardized E-Cad signal at bicellular 807 

junctions and vertices in wild-type (blue squares) and akaL200 + Mys knock-downed 808 

cells (red circles) (n = 76 and 76 bicellular junctions and n = 81 and 76 vertices for 809 

wild-type and akaL200 cells respectively; n > 5 pupae for each condition). (F) 810 

Quantification of the cell area (in µm2) of WT (blue squares, n = 171 cells, n > 5 pupae) 811 

and akaL200 + Mys knock-downed cells (red circles, n = 139 cells, n > 5 pupae). Bars 812 

show Mean ± SD, * p < 0.05, Mann-Whitney test. A calibration bar shows LUT for grey 813 

value range.  The scale bars represent 5µm in A and C and E and 3 µm in B and D. 814 

White square represents close-up of WT and green square of akaL200 situations for 815 

panel E. 816 
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 818 
Figure 7: Model summarizing the effects of the disruption of SJ integrity in pupal 819 

notum 820 

In wild type conditions, bSJ proteins, β-Integrin and Crumbs are recycled to the 821 

membrane thanks to the endosomal-retromer complex. When the paracellular 822 

permeability function is compromised due to the loss of SJ components, cells favour 823 

recycling over degradation, leading to increased levels of β-Integrin and Crumbs at 824 

the cell membrane. The accumulation of β-Integrin and Crumbs leads to a 825 

strengthening of the adhesive structure as shown by increased quantity of AJ proteins 826 

but also by the appearance of more focal adhesion contacts. We propose that the cell 827 

compensates the lack of bSJ contacts by increasing its adhesive properties. 828 

 829 

 830 

 831 
  832 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059


References 833 

 834 
 835 
1. Perez-Vale, K.Z., and Peifer, M. (2020). Orchestrating morphogenesis: building the 836 

body plan by cell shape changes and movements. Development 147. 837 
2. Godard, B.G., and Heisenberg, C.P. (2019). Cell division and tissue mechanics. Current 838 

opinion in cell biology 60, 114-120. 839 
3. Pinheiro, D., and Bellaiche, Y. (2018). Mechanical Force-Driven Adherens Junction 840 

Remodeling and Epithelial Dynamics. Developmental cell 47, 3-19. 841 
4. Matamoro-Vidal, A., and Levayer, R. (2019). Multiple Influences of Mechanical 842 

Forces on Cell Competition. Current biology : CB 29, R762-R774. 843 
5. Clarke, D.N., and Martin, A.C. (2021). Actin-based force generation and cell adhesion 844 

in tissue morphogenesis. Current biology : CB 31, R667-R680. 845 
6. Charras, G., and Yap, A.S. (2018). Tensile Forces and Mechanotransduction at Cell-846 

Cell Junctions. Current biology : CB 28, R445-R457. 847 
7. Otani, T., and Furuse, M. (2020). Tight Junction Structure and Function Revisited. 848 

Trends in cell biology 30, 805-817. 849 
8. Izumi, Y., and Furuse, M. (2014). Molecular organization and function of invertebrate 850 

occluding junctions. Seminars in cell & developmental biology 36, 186-193. 851 
9. Rice, C., De, O., Alhadyian, H., Hall, S., and Ward, R.E. (2021). Expanding the 852 

Junction: New Insights into Non-Occluding Roles for Septate Junction Proteins during 853 
Development. J Dev Biol 9. 854 

10. Schulte, J., Tepass, U., and Auld, V.J. (2003). Gliotactin, a novel marker of tricellular 855 
junctions, is necessary for septate junction development in Drosophila. The Journal of 856 
cell biology 161, 991-1000. 857 

11. Byri, S., Misra, T., Syed, Z.A., Batz, T., Shah, J., Boril, L., Glashauser, J., Aegerter-858 
Wilmsen, T., Matzat, T., Moussian, B., et al. (2015). The Triple-Repeat Protein 859 
Anakonda Controls Epithelial Tricellular Junction Formation in Drosophila. 860 
Developmental cell 33, 535-548. 861 

12. Hildebrandt, A., Pflanz, R., Behr, M., Tarp, T., Riedel, D., and Schuh, R. (2015). Bark 862 
beetle controls epithelial morphogenesis by septate junction maturation in Drosophila. 863 
Developmental biology 400, 237-247. 864 

13. Dunn, B.S., Rush, L., Lu, J.Y., and Xu, T. (2018). Mutations in the Drosophila 865 
tricellular junction protein M6 synergize with Ras(V12) to induce apical cell 866 
delamination and invasion. Proceedings of the National Academy of Sciences of the 867 
United States of America 115, 8358-8363. 868 

14. Esmangart de Bournonville, T., and Le Borgne, R. (2020). Interplay between 869 
Anakonda, Gliotactin, and M6 for Tricellular Junction Assembly and Anchoring of 870 
Septate Junctions in Drosophila Epithelium. Current biology : CB 30, 4245-4253 871 
e4244. 872 

15. Wittek, A., Hollmann, M., Schleutker, R., and Luschnig, S. (2020). The 873 
Transmembrane Proteins M6 and Anakonda Cooperate to Initiate Tricellular Junction 874 
Assembly in Epithelia of Drosophila. Current biology : CB 30, 4254-4262 e4255. 875 

16. Daniel, E., Daude, M., Kolotuev, I., Charish, K., Auld, V., and Le Borgne, R. (2018). 876 
Coordination of Septate Junctions Assembly and Completion of Cytokinesis in 877 
Proliferative Epithelial Tissues. Current biology : CB 28, 1380-1391 e1384. 878 

17. Dong, B., Hannezo, E., and Hayashi, S. (2014). Balance between Apical Membrane 879 
Growth and Luminal Matrix Resistance Determines Epithelial Tubule Shape. Cell 880 
reports 7, 941-950. 881 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059


18. Pannen, H., Rapp, T., and Klein, T. (2020). The ESCRT machinery regulates retromer-882 
dependent transcytosis of septate junction components in Drosophila. eLife 9. 883 

19. Nilton, A., Oshima, K., Zare, F., Byri, S., Nannmark, U., Nyberg, K.G., Fehon, R.G., 884 
and Uv, A.E. (2010). Crooked, coiled and crimpled are three Ly6-like proteins required 885 
for proper localization of septate junction components. Development 137, 2427-2437. 886 

20. Tempesta, C., Hijazi, A., Moussian, B., and Roch, F. (2017). Boudin trafficking reveals 887 
the dynamic internalisation of specific septate junction components in Drosophila. PloS 888 
one 12, e0185897. 889 

21. Hijazi, A., Masson, W., Auge, B., Waltzer, L., Haenlin, M., and Roch, F. (2009). boudin 890 
is required for septate junction organisation in Drosophila and codes for a diffusible 891 
protein of the Ly6 superfamily. Development 136, 2199-2209. 892 

22. Resnik-Docampo, M., Koehler, C.L., Clark, R.I., Schinaman, J.M., Sauer, V., Wong, 893 
D.M., Lewis, S., D'Alterio, C., Walker, D.W., and Jones, D.L. (2017). Tricellular 894 
junctions regulate intestinal stem cell behaviour to maintain homeostasis. Nature cell 895 
biology 19, 52-59. 896 

23. Resnik-Docampo, M., Cunningham, K.M., Ruvalcaba, S.M., Choi, C., Sauer, V., and 897 
Jones, D.L. (2021). Neuroglian regulates Drosophila intestinal stem cell proliferation 898 
through enhanced signaling via the epidermal growth factor receptor. Stem Cell 899 
Reports. 900 

24. Khadilkar, R.J., Vogl, W., Goodwin, K., and Tanentzapf, G. (2017). Modulation of 901 
occluding junctions alters the hematopoietic niche to trigger immune activation. eLife 902 
6. 903 

25. Khadilkar, R.J., and Tanentzapf, G. (2019). Septate junction components control 904 
Drosophila hematopoiesis through the Hippo pathway. Development 146. 905 

26. Carvalho, L., Patricio, P., Ponte, S., Heisenberg, C.P., Almeida, L., Nunes, A.S., 906 
Araujo, N.A.M., and Jacinto, A. (2018). Occluding junctions as novel regulators of 907 
tissue mechanics during wound repair. The Journal of cell biology 217, 4267-4283. 908 

27. Lecuit, T., and Yap, A.S. (2015). E-cadherin junctions as active mechanical integrators 909 
in tissue dynamics. Nature cell biology 17, 533-539. 910 

28. Founounou, N., Loyer, N., and Le Borgne, R. (2013). Septins regulate the contractility 911 
of the actomyosin ring to enable adherens junction remodeling during cytokinesis of 912 
epithelial cells. Developmental cell 24, 242-255. 913 

29. Guillot, C., and Lecuit, T. (2013). Adhesion disengagement uncouples intrinsic and 914 
extrinsic forces to drive cytokinesis in epithelial tissues. Developmental cell 24, 227-915 
241. 916 

30. Herszterg, S., Leibfried, A., Bosveld, F., Martin, C., and Bellaiche, Y. (2013). Interplay 917 
between the dividing cell and its neighbors regulates adherens junction formation 918 
during cytokinesis in epithelial tissue. Developmental cell 24, 256-270. 919 

31. le Duc, Q., Shi, Q., Blonk, I., Sonnenberg, A., Wang, N., Leckband, D., and de Rooij, 920 
J. (2010). Vinculin potentiates E-cadherin mechanosensing and is recruited to actin-921 
anchored sites within adherens junctions in a myosin II-dependent manner. The Journal 922 
of cell biology 189, 1107-1115. 923 

32. Kale, G.R., Yang, X., Philippe, J.M., Mani, M., Lenne, P.F., and Lecuit, T. (2018). 924 
Distinct contributions of tensile and shear stress on E-cadherin levels during 925 
morphogenesis. Nature communications 9, 5021. 926 

33. Rauskolb, C., Sun, S., Sun, G., Pan, Y., and Irvine, K.D. (2014). Cytoskeletal tension 927 
inhibits Hippo signaling through an Ajuba-Warts complex. Cell 158, 143-156. 928 

34. Tiklova, K., Senti, K.A., Wang, S., Graslund, A., and Samakovlis, C. (2010). Epithelial 929 
septate junction assembly relies on melanotransferrin iron binding and endocytosis in 930 
Drosophila. Nature cell biology 12, 1071-1077. 931 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059


35. Cullen, P.J., and Steinberg, F. (2018). To degrade or not to degrade: mechanisms and 932 
significance of endocytic recycling. Nature reviews. Molecular cell biology 19, 679-933 
696. 934 

36. Bruelle, C., Pinot, M., Daniel, E., Daude, M., Mathieu, J., and Le Borgne, R. (2023). 935 
Cell-intrinsic and -extrinsic functions of the ESCRT-III component Shrub in 936 
cytokinetic abscission of Drosophila Sensory Organ precursor Development. 937 

37. Medina, E., Williams, J., Klipfell, E., Zarnescu, D., Thomas, G., and Le Bivic, A. 938 
(2002). Crumbs interacts with moesin and beta(Heavy)-spectrin in the apical membrane 939 
skeleton of Drosophila. The Journal of cell biology 158, 941-951. 940 

38. Riveline, D., Zamir, E., Balaban, N., Q., Schwarz, U., S., Ishizaki, T., Narumiya, S., 941 
Kam, Z., Geiger, B., and Bershadsky, A., D. (2001). Externally Applied Local 942 
Mechanical Force Induces Growth of Focal Contacts by an Mdia1-Dependent and 943 
Rock-Independent Mechanism.pdf>. The Journal of cell biology 153, 1175-1186. 944 

39. Lobert, V.H., and Stenmark, H. (2012). The ESCRT machinery mediates polarization 945 
of fibroblasts through regulation of myosin light chain. Journal of cell science 125, 29-946 
36. 947 

40. Babatz, F., Naffin, E., and Klambt, C. (2018). The Drosophila Blood-Brain Barrier 948 
Adapts to Cell Growth by Unfolding of Pre-existing Septate Junctions. Developmental 949 
cell 47, 697-710 e693. 950 

41. Fox, R.M., and Andrew, D.J. (2015). Changes in organelle position and epithelial 951 
architecture associated with loss of CrebA. Biology open 4, 317-330. 952 

42. Oshima, K., and Fehon, R.G. (2011). Analysis of protein dynamics within the septate 953 
junction reveals a highly stable core protein complex that does not include the 954 
basolateral polarity protein Discs large. Journal of cell science 124, 2861-2871. 955 

43. Ile, K.E., Tripathy, R., Goldfinger, V., and Renault, A.D. (2012). Wunen, a Drosophila 956 
lipid phosphate phosphatase, is required for septate junction-mediated barrier function. 957 
Development 139, 2535-2546. 958 

44. Nguyen, L.N., Ma, D., Shui, G., Wong, P., Cazenave-Gassiot, A., Zhang, X., Wenk, 959 
M.R., Goh, E.L., and Silver, D.L. (2014). Mfsd2a is a transporter for the essential 960 
omega-3 fatty acid docosahexaenoic acid. Nature 509, 503-506. 961 

45. Andreone, B.J., Chow, B.W., Tata, A., Lacoste, B., Ben-Zvi, A., Bullock, K., Deik, 962 
A.A., Ginty, D.D., Clish, C.B., and Gu, C. (2017). Blood-Brain Barrier Permeability Is 963 
Regulated by Lipid Transport-Dependent Suppression of Caveolae-Mediated 964 
Transcytosis. Neuron 94, 581-594 e585. 965 

46. Boura, E., Ivanov, V., Carlson, L.A., Mizuuchi, K., and Hurley, J.H. (2012). Endosomal 966 
sorting complex required for transport (ESCRT) complexes induce phase-separated 967 
microdomains in supported lipid bilayers. The Journal of biological chemistry 287, 968 
28144-28151. 969 

47. Record, M., Silvente-Poirot, S., Poirot, M., and Wakelam, M.J.O. (2018). Extracellular 970 
vesicles: lipids as key components of their biogenesis and functions. Journal of lipid 971 
research 59, 1316-1324. 972 

48. Booth, A., Marklew, C.J., Ciani, B., and Beales, P.A. (2021). The influence of 973 
phosphatidylserine localisation and lipid phase on membrane remodelling by the 974 
ESCRT-II/ESCRT-III complex. Faraday Discuss 232, 188-202. 975 

49. Sidor, C., Stevens, T.J., Jin, L., Boulanger, J., and Roper, K. (2020). Rho-Kinase Planar 976 
Polarization at Tissue Boundaries Depends on Phospho-regulation of Membrane 977 
Residence Time. Developmental cell 52, 364-378 e367. 978 

50. Matsui, T., Maeda, M., Doi, Y., Yonemura, S., Amano, M., Kaibuchi, K., Tsukita, S., 979 
and Tsukita, S. (1998). Rho-Kinase Phosphorylates COOH-terminal Threonines of 980 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059


Ezrin Radixin Moesin (ERM) Proteins and Regulates Their Head-to-Tail Association. 981 
The Journal of cell biology 140, 647-657. 982 

51. Thompson, B.J., Pichaud, F., and Roper, K. (2013). Sticking together the Crumbs - an 983 
unexpected function for an old friend. Nature reviews. Molecular cell biology 14, 307-984 
314. 985 

52. Carreno, S., Kouranti, I., Glusman, E.S., Fuller, M.T., Echard, A., and Payre, F. (2008). 986 
Moesin and its activating kinase Slik are required for cortical stability and microtubule 987 
organization in mitotic cells. The Journal of cell biology 180, 739-746. 988 

53. Kunda, P., Pelling, A.E., Liu, T., and Baum, B. (2008). Moesin controls cortical 989 
rigidity, cell rounding, and spindle morphogenesis during mitosis. Current biology : CB 990 
18, 91-101. 991 

54. Ikawa, K., Ishihara, S., Tamori, Y., and Sugimura, K. (2023). Attachment and 992 
detachment of cortical myosin regulates cell junction exchange during cell 993 
rearrangement in the Drosophila wing epithelium. Current biology : CB 33, 263-275 994 
e264. 995 

55. Pinheiro, D., Hannezo, E., Herszterg, S., Bosveld, F., Gaugue, I., Balakireva, M., Wang, 996 
Z., Cristo, I., Rigaud, S.U., Markova, O., et al. (2017). Transmission of cytokinesis 997 
forces via E-cadherin dilution and actomyosin flows. Nature 545, 103-107. 998 

56. Levayer, R., Hauert, B., and Moreno, E. (2015). Cell mixing induced by myc is required 999 
for competitive tissue invasion and destruction. Nature 524, 476-480. 1000 

57. Lemke, S.B., and Schnorrer, F. (2017). Mechanical forces during muscle development. 1001 
Mechanisms of development 144, 92-101. 1002 

58. Stephenson, R.E., Higashi, T., Erofeev, I.S., Arnold, T.R., Leda, M., Goryachev, A.B., 1003 
and Miller, A.L. (2019). Rho Flares Repair Local Tight Junction Leaks. Developmental 1004 
cell 48, 445-459 e445. 1005 

59. Varadarajan, S., Chumki, S.A., Stephenson, R.E., Misterovich, E.R., Wu, J.L., Dudley, 1006 
C.E., Erofeev, I.S., Goryachev, A.B., and Miller, A.L. (2022). Mechanosensitive 1007 
calcium flashes promote sustained RhoA activation during tight junction remodeling. 1008 
The Journal of cell biology 221. 1009 

60. Higashi, T., Saito, A.C., Fukazawa, Y., Furuse, M., Higashi, A.Y., Ono, M., and Chiba, 1010 
H. (2023). EpCAM proteolysis and release of complexed claudin-7 repair and maintain 1011 
the tight junction barrier. The Journal of cell biology 222. 1012 

61. Cho, Y., Haraguchi, D., Shigetomi, K., Matsuzawa, K., Uchida, S., and Ikenouchi, J. 1013 
(2022). Tricellulin secures the epithelial barrier at tricellular junctions by interacting 1014 
with actomyosin. The Journal of cell biology 221. 1015 

62. Nelson, K.S., Furuse, M., and Beitel, G.J. (2010). The Drosophila Claudin Kune-kune 1016 
is required for septate junction organization and tracheal tube size control. Genetics 1017 
185, 831-839. 1018 

63. Stork, T., Thomas, S., Rodrigues, F., Silies, M., Naffin, E., Wenderdel, S., and Klambt, 1019 
C. (2009). Drosophila Neurexin IV stabilizes neuron-glia interactions at the CNS 1020 
midline by binding to Wrapper. Development 136, 1251-1261. 1021 

64. Richard, M., Grawe, F., and Knust, E. (2006). DPATJ plays a role in retinal 1022 
morphogenesis and protects against light-dependent degeneration of photoreceptor 1023 
cells in the Drosophila eye. Dev Dyn 235, 895-907. 1024 

65. Huang, J., Zhou, W., Dong, W., Watson, A.M., and Hong, Y. (2009). Directed, 1025 
efficient, and versatile modifications of the Drosophila genome by genomic 1026 
engineering. Proceedings of the National Academy of Sciences of the United States of 1027 
America 106, 8284-8289. 1028 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059


66. Chen, J., Call, G.B., Beyer, E., Bui, C., Cespedes, A., Chan, A., Chan, J., Chan, S., 1029 
Chhabra, A., Dang, P., et al. (2005). Discovery-based science education: functional 1030 
genomic dissection in Drosophila by undergraduate researchers. PLoS biology 3, e59. 1031 

67. Tepass, U., and Knust, E. (1990). Phenotypic and developmental analysis of mutations 1032 
at the crumbs locus, a gene required for the development of epithelia in Drosophila 1033 
melanogaster. Rouxs Arch Dev Biol 199, 189-206. 1034 

68. Lee, T., and Luo, L. (2008). Mosaic analysis with a repressible cell marker (MARCM) 1035 
for Drosophila neural development. Trends in Neurosciences 24, 251-254. 1036 

69. Claret, S., Jouette, J., Benoit, B., Legent, K., and Guichet, A. (2014). PI(4,5)P2 1037 
produced by the PI4P5K SKTL controls apical size by tethering PAR-3 in Drosophila 1038 
epithelial cells. Current biology : CB 24, 1071-1079. 1039 

70. Perkins, L.A., Holderbaum, L., Tao, R., Hu, Y., Sopko, R., McCall, K., Yang-Zhou, 1040 
D., Flockhart, I., Binari, R., Shim, H.S., et al. (2015). The Transgenic RNAi Project at 1041 
Harvard Medical School: Resources and Validation. Genetics 201, 843-852. 1042 

71. Calleja, M., Moreno, E., Pelaz, S., and Morata, G. (1996). Visualization of Gene 1043 
Expression in Living Adult Drosophila. Science 274, 252-255. 1044 

72. Mlodzik, M., Baker, N.E., and Rubin, G.M. (1990). Isolation and expression of 1045 
scabrous, a gene regulating neurogenesis in Drosophila. Genes & development 4, 1848-1046 
1861. 1047 

73. Schindelin, J., Arganda-Carreras, I., Frise, E., Kaynig, V., Longair, M., Pietzsch, T., 1048 
Preibisch, S., Rueden, C., Saalfeld, S., Schmid, B., et al. (2012). Fiji: an open-source 1049 
platform for biological-image analysis. Nature methods 9, 676-682. 1050 

74. Gho, M., Lecourtois, M., Geraud, G., Posakony, J.W., and Schweisguth, F. (1996). 1051 
Subcellular localization of Suppressor of Hairless in Drosophila sense organ cells 1052 
during Notch signalling. Development 122, 1673-1682. 1053 

75. Gho, M., Bellaiche, Y., and Schweisguth, F. (1999). Revisiting the Drosophila 1054 
microchaete lineage: a novel intrinsically asymmetric cell division generates a glial cell. 1055 
Development 126, 3573-3584. 1056 

 1057 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted May 24, 2023. ; https://doi.org/10.1101/2023.05.24.542059doi: bioRxiv preprint 

https://doi.org/10.1101/2023.05.24.542059

