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Abstract 

In Drosophila melanogaster the anterior-posterior body axis is maternally established and governed by 

differential localisation of partitioning defective (Par) proteins within the oocyte. At mid-oogenesis, Par-1 

accumulates at the posterior end of the oocyte while Par-3/Bazooka is excluded there but maintains its 

localisation along the remaining oocyte cortex. This mutual exclusion leads to a polarised microtubule 

network and accumulation of posterior determinant oskar later in oogenesis. Reciprocal biochemical 

interactions between Par proteins can explain their cortical exclusion and domain formation – for example, 

Par-1 excludes Par-3 by phosphorylation. However, past studies have proposed the need for somatic cells 

at the posterior end to initiate oocyte polarization by providing a trigger signal. To date, despite modern 

screening approaches and genetic manipulation, neither the molecular identity nor the nature of the signal 

is known. Here, we provide the first evidence that mechanical contact of posterior follicle cells with the 

oocyte cortex causes the posterior exclusion of Bazooka and maintains oocyte polarity. We show that 

Bazooka prematurely accumulates exclusively where posterior follicle cells have been mechanically 

detached or ablated. This occurs before Par-1 is removed suggesting that phosphorylation of Bazooka by 

Par-1 is not sufficient to maintain Bazooka exclusion. Furthermore, we provide evidence that posterior 

follicle cell contact maintains Par-1 localisation and microtubule cytoskeleton polarity in the oocyte. Our 

observations suggest that cell-cell contact mechanics modulates Par protein binding sites at the oocyte 

cortex.  
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Introduction 

A large majority of animals form two embryonic body axes (Niers, 2010). In many animals, these body 

axes are formed after fertilization, during early embryonic growth and segmentation. In Drosophila 

melanogaster, the anterior-posterior axis is maternally established, gradually during 14 stages of 

oogenesis, with the final goal of delivering oskar mRNA to the posterior end and bicoid mRNA to the 

anterior end of the oocyte (Riechmann and Ephrussi, 2001). The first sign of anterior-posterior polarity is 

the positioning of the oocyte to the posterior of the egg chamber at stage 1, which is achieved through 

differential adhesion between the oocyte and the somatic cells at the posterior of the egg chamber (Godt 

and Tepass, 1998; González-Reyes and St Johnston, 1998). 

At stage 6, the posteriorly positioned oocyte secrets the EGF-like ligand, Gurken, which will cause the 

subset of follicle cells at the posterior to adopt posterior fate. In the following stage, these posterior follicle 

cells (PFCs) will signal back to the oocyte to determine its posterior pole (González-Reyes and St 

Johnston, 1994; González-Reyes et al., 1995; Roth et al., 1995). However, the molecular nature of the 

signal coming back from the PFCs remains elusive. Additionally, it is unclear if this signal acts solely as 

trigger that breaks symmetry, or if PFCs play a role in maintenance of oocyte polarity. 

The earliest known signature of mid-stage oocyte polarisation following the signal from PFCs is the di-

phosphorylation of non-muscle Myosin II at the posterior of the oocyte (Doerflinger et al., 2022). This is 

necessary for posterior localization of Par-1 kinase, which is a component of a highly conserved network 

of Partitioning defective (Par) proteins (Shulman et al., 2000; Tomancak et al., 2000). Following Par-1 

localization to the posterior, the anterior group of Par proteins, including aPKC, Par-6 and Par-3/Bazooka, 

relocalizes from the posterior to the anterolateral cortex (Doerflinger et al., 2010; Jouette et al., 2019). 

Posteriorly localized Par-1 inhibits nucleation of microtubules, causing plus ends of microtubules to 

preferentially accumulate at the posterior (Nashchekin et al., 2016; Parton et al., 2011). Polarization of the 

microtubule network is necessary to direct kinesin-dependent transport of oskar mRNA to the posterior 

during stages 9 and 10A (Lu et al., 2018, 2020; Zimyanin et al., 2008). Therefore, it is crucial that the 

polarity of the Par network is maintained during these stages. 

The asymmetry of the Par network is thought to be self-maintaining through mutual antagonism between 

anterior and posterior Par proteins (Hoege and Hyman, 2013; Lang and Munro, 2017; Motegi and 

Seydoux, 2013). Par-1 phosphorylates Bazooka to exclude the complex of aPKC/Par-6/Bazooka from the 

posterior, while aPKC phosphorylates Par-1 leading to the removal of Par-1 from the anterolateral 

membrane (Benton and St Johnston, 2003a; Doerflinger et al., 2010). Interestingly, anterior and posterior 

Par proteins colocalize at the posterior of the oocyte from stage 7 to stage 9, suggesting that mutual 

antagonism might not be sufficient to maintain Par polarity (Doerflinger et al., 2010; Jouette et al., 2019). 
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Here, we first show that at late stage 10B of oogenesis the cell-cell interface of the oocyte and PFCs 

visibly enlarges, suggesting contact loss, followed by accumulation of Bazooka and removal of Par-1 at 

the posterior of the oocyte. Mechanical detachment of PFCs from the oocyte at stage 9 and 10A by 

micromanipulation causes loss of contact and premature accumulation of Bazooka. The exclusion of 

Bazooka from the posterior is rapidly lost following laser ablation of PFCs. Bazooka accumulates at the 

posterior before Par-1 is removed, suggesting that Par-1 phosphorylation of Bazooka is not sufficient to 

maintain Bazooka exclusion. Par-1 is eventually removed from the posterior - likely following 

phosphorylation by aPKC - allowing posterior nucleation of microtubules. We conclude that PFCs 

maintain polarity of the Par network by cell-cell contact until late stage 10B of oogenesis by excluding 

Bazooka from the posterior of the oocyte. This is necessary to maintain polarization of the microtubule 

network during stages at which oskar is delivered to the posterior by directed transport. 

Results 

Posterior re-localization of Bazooka following contact loss with PFCs in stage 10B oocytes 

The localization patterns of Bazooka have been well described up until early stage 10 of oogenesis. At 

stages 7 and 8, Bazooka localizes to the posterior of the oocyte, where it overlaps with the Par-1 domain, 

until stage 9 when it is excluded from the posterior (Doerflinger et al., 2010; Jouette et al., 2019). 

However, the dynamics of Bazooka localization in the following stages is not known. To assess this, we 

performed live cell imaging of stage 10 and 11 egg chambers expressing Bazooka tagged with GFP 

(Baz::GFP) and Jupiter tagged with mCherry (Jupiter::mCherry) as a reporter for microtubules (Fig. 1). 

We used the GAL4/UASp system to express Bazooka only in the germline, since Bazooka localizes to the 

apical side of follicle cells, thus masking the localization of Bazooka at the oocyte membrane (Jouette et 

al., 2019). In agreement with previous results, all but one oocyte show exclusion of Bazooka at stage 10A 

(n=13). More interestingly, the oocyte is tightly connected to the PFCs at this stage, i.e., a clear cellular 

boundary between the oocyte and the PFCs is not detected in fluorescence confocal images of 

microtubules and in polarized transmission light microscopy images (Fig. S1A, arrowheads). On the other 

hand, there is a visible gap between the lateral follicle cells and the oocyte. This differential contact 

correlated with the accumulation of Bazooka; Bazooka localizes at the membrane where the oocyte is not 

in contact with the follicle cells but is excluded where the contact is established (Fig. S1A). At stage 11, 

the cell-cell contact between the oocyte and the PFCs is lost, and a clear boundary is visible, while the 

exclusion of Bazooka is lost as well (Fig. S1B, arrowhead). To understand if the formation of an 

intercellular space (gap) between PFCs and the oocytes precedes or follows the accumulation of Bazooka 

at the posterior, we analysed stage 10B egg chambers in which this transition likely occurs (Fig. 1A–C). 

The posterior gap is visible in 83% (30 out of 36) stage 10B egg chambers. However, Bazooka was still 

excluded from the posterior in 12 of these oocytes (Fig. 1D). Importantly, we did not observe egg 
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chambers where Bazooka accumulated to the posterior before the gap formed. We conclude that the loss 

of contact between the oocyte and PFCs precedes accumulation of Bazooka (Fig. 1E).  

Bazooka accumulates at the posterior before Par-1 clearance at late stage 10B of oogenesis 

In par1 mutant oocytes Bazooka localizes all around the cortex, suggesting that Par-1 phosphorylates 

Bazooka to exclude it from the posterior (Benton and St Johnston, 2003a). To assess if Par-1 needs to be 

removed from the posterior before Bazooka accumulates, we imaged oocytes expressing fluorescently 

tagged Par-1 and Bazooka. At stage 10A, we found Bazooka exclusion and Par-1 enrichment in all 

analysed oocytes (n=12) (Fig. S1C, F). On the other hand, at stage 11, both exclusion of Bazooka and 

accumulation of Par-1 at the posterior were lost (n=10) (Fig. S1E, F). At stage 10B, Bazooka exclusion 

was lost in 25 out of 40 oocytes. However, Par-1 was still present at the posterior in 12 of these oocytes 

(Fig. S1D, F). Importantly, we never found Par-1 disappearing from the posterior before accumulation of 

Bazooka. Therefore, Bazooka first accumulates to the posterior, which eventually leads to the removal of 

Par-1 from this region. This result suggests that Bazooka accumulation is not the consequence of Par-1 

removal, and that Par-1 is not sufficient to exclude Bazooka from the posterior. 

Taken together, these observations suggest that the loss of contact between PFCs and the oocyte is 

followed first by recruitment of Bazooka to the posterior, and only thereafter Par-1 delocalizes from the 

posterior. We hypothesise that cell-cell contact between PFCs and the oocyte is required to exclude 

Bazooka from the posterior oocyte membrane. 

Mechanical detachment of PFCs from the oocyte causes posterior accumulation of Bazooka. 

To directly test the contact interaction between oocyte and PFCs leading to the exclusion of Bazooka, we 

designed an experiment by which PFCs were mechanically detached from the oocyte. We used a blunt 

glass micropipette mounted on a micromanipulator to aspirate and pull on the PFCs aiming detachment 

from the oocyte but keeping them intact (Fig. 2A). We combined this assay with live imaging of egg 

chambers expressing Baz::GFP in the germline and Jupiter::mCherry in all tissues to observe any changes 

in polarity in the oocyte (Fig. 2B and Video 1). Indeed, we could observe accumulation of Bazooka to the 

posterior of the oocyte following detachment of the PFCs (Fig. 2B, C). Importantly, this accumulation was 

accompanied by the appearance of the intercellular space between oocyte and PFC boundaries (Fig. 2D). 

We conclude that mechanical pulling on PFCs causes premature intercellular gap formation, which results 

in the accumulation of Bazooka to the posterior of the oocyte. This suggests that a firm cell-cell 

interaction between PFCs and the oocyte is important for maintaining Bazooka exclusion at the posterior 

end of the oocyte. 

Posterior follicle cells maintain posterior exclusion of Bazooka with cell size-precision. 
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Since cell differentiation of follicle cells into PFCs is necessary to establish polarity of the oocyte in the 

first place, mutants that disrupt their differentiation do not allow testing of their role in polarity 

maintenance throughout oogenesis. Therefore, we sought of a more acute and spatially targeted 

perturbation method for disrupting PFCs. We used pulsed UV laser ablation to destroy a small number of 

PFCs and monitor the resulting changes in Par protein localisation in the oocyte, comparing locations 

where PFCs were removed versus where they are intact. First, we performed ablation in stage 9 or 10A 

egg chambers that express Baz::GFP in the germline and Jupiter::mCherry in all tissues. In every 

experiment, Bazooka was excluded from the posterior prior to the ablation (Fig. 3A, t = –1 min). The 

ablation of a few PFCs resulted in accumulation of Bazooka exclusively to the membrane region facing 

the ablated cells (Fig. 3B–C and Video 2). Bazooka did not localize at neighbouring regions where PFCs 

were intact (Fig. 3B, arrowheads). A quantification of Baz::GFP intensity along the posterior cortex of the 

oocyte showed a signal peak confined to the location of ablated PFCs (Fig. 3C, vertical lines). Similar 

results were obtained when ablated posterior follicle cells did not include the pair of polar cells (Suppl. 

Fig. 3A–C, Fig. 1E). To account for possible turnover kinetics and photobleaching, we compared 

Baz::GFP intensity at cortices either facing posterior or facing lateral follicle cells (Fig. 3D, inset), 

confirming a significant increase and in some experiments a full recovery of Baz::GFP localisation at the 

posterior. A temporal analysis of Baz::GFP intensity after PFC ablation revealed an almost immediate 

increase (<1 min delay) (Fig. 3E). We generated a spatiotemporal map of average Baz::GFP intensity 

along the oocyte cortex facing ablated PFCs (Fig. 3F, G). Whenever the ablated region contained the pair 

of polar cells, Bazooka accumulated in random patches, presumably by being recruited from the 

cytoplasmic pool (Fig. 3F). In contrast, when the ablated region was flanked by still intact polar cells on 

one side, and main body follicle cells on the other side, we noticed a signal flow from the anterolateral 

cortex facing main body follicle cells. We concluded that Bazooka predominantly diffused along the 

membrane from the cortical pool of anterolateral side towards the posterior end. 

To assure that accumulation of Bazooka is not caused by nonspecific effects of pulsed laser ablation, we 

performed ablation inside the ooplasm, close to the posterior membrane of the oocyte (Fig. S3D and Video 

3). We did not observe any accumulation of Bazooka at the oocyte membrane, or around the region that 

was ablated (Fig. S3E,F). We also addressed if ablation of follicle cells may cause nonspecific 

accumulation of any protein to the membrane. Thus, as additional control experiment, we UV targeted 

main body (anterolateral) follicle cells in egg chambers expressing Par-1::GFP in the germline and 

Jupiter::mCherry. At this stage, Par-1 is restricted to the posterior of the oocyte and there is no Par-1 

signal at the oocyte membrane in contact with main body follicle cells (Fig. S4A, left). Importantly, we 

did not observe any increase in GFP signal following ablation (Fig. S4B–C). From all these experiments, 

we conclude that individual PFCs are required to locally maintain posterior exclusion of Bazooka 

throughout mid-oogenesis. 

Par-1 does not delocalize from the posterior prior to the accumulation of Bazooka. 
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Next, we wanted to test if Par-1 needs to be excluded from the posterior before Bazooka can accumulate, 

upon ablation of PFCs. According to the mutual exclusion hypothesis of the Par protein network, Par-1 

presence is responsible for exclusion of the anterior Par protein complex, including Bazooka, through 

kinase activity (Benton and St Johnston, 2003a). Therefore, we performed the ablation experiments in egg 

chambers expressing Par-1::GFP and Baz::mCherry in the germline. With this combination of polarity 

protein reporters, we again observed accumulation of Bazooka to the posterior following the ablation of 

PFCs (Fig. 4A and Video 4). However, ectopic localization of Bazooka was not preceded by a 

disappearance of Par-1 (Fig. 4B,C). Although Par-1 signal exhibited a tendency to decrease over the 

observed period (Fig. 4D, left), the decrease was not significant when compared to the lateral cortex (Fig. 

4E), while Bazooka signal increased significantly (Fig. 4D,F). This was further confirmed by performing 

ablation in the egg chambers expressing Par-1::GFP in the germline and Jupiter::mCherry in all tissues. 

There was no clear exclusion of Par-1 from the posterior one hour after ablation (Fig. S4D-F). We 

conclude that Par-1 is not sufficient to exclude Bazooka from the posterior. However, the tendency of Par-

1 signal decrease towards the end of our observation deserved attention, as it could be either a 

consequence of late response to the perturbation, or due to photobleaching. Thus, we adapted our live 

imaging protocol aiming at lower light exposure and longer observation, covering about half of the 

duration of stage 9 of oogenesis. 

Par-1 binds to PFC modulated, diffusible binding sites at the oocyte cortex 

We performed live cell imaging of egg chambers for up to three hours following ablation of PFCs. In 

stage 9, this perturbation caused a slow delocalization of Par-1 which was only noticeable 90–100 min 

after PFC ablation (Fig. 5A and Video 5). Par-1::GFP signal decreased at the cell cortex region that had 

been in contact with ablated PFCs, and persisted at the membrane that was still in contact with intact 

PFCs. Thus, signal reduction was specific to the perturbation. More interestingly, Par-1 loss seemed to 

start in the centre of the cortex region which lost contact with PFCs (Fig. 5B top, t=90 min, arrowhead), 

and extended towards the cortical boundaries facing intact PFCs (Fig. 5B, t=150 min). We again generated 

a spatiotemporal map of Par-1::GFP intensity along the oocyte cortex facing the ablated PFCs (Fig. 5C). 

This analysis confirmed a progressive signal loss that occurs symmetrically around the ablation centre. In 

an effort to decompose cortical mobility and turnover kinetics of Par-1::GFP at the posterior cortex, we 

performed FRAP analysis in the absence of perturbation. Typical Par-1::GFP recovery time was <1 min  

(Fig. 5D), which contrasts the slow Par-1 delocalization after perturbation, occurring typically within one 

hour  (Fig. 5C). We did not notice any cytoplasmic flow which could potentially transport Par-1 to the 

boundaries by advection (Video 4 and 5). Thus, we concluded that the molecular binding sites for Par-1, 

which are abundant and cause Par-1 accumulation, slowly delocalize upon PFC ablation while Par-1 turns 

over fast. Importantly, the spatial signature of delocalization is neither uniform nor random; having 

excluded advection, it is reminiscent of diffusible binding sites whose mobility within the membrane is 

reduced when the cortex is in contact with PFCs (“modulated molecular trap”). Interestingly, the 
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delocalization of Par-1 upon PFC ablation is not as pronounced anymore in stage 10A oocytes (Fig. 5E), 

marking a transition of Par polarity control by PFCs. Finally, motivated by earlier reports of Par-1 being a 

microtubule nucleation inhibitor (Doerflinger et al., 2010; Nashchekin et al., 2016; Parton et al., 2011), we 

predicted that the delocalization of Par-1 upon PFC ablation should enable microtubule growth in that 

region. Indeed, we observed a local signal increase of the microtubule reporter Jupiter::mCherry where 

Par-1 signal decreased (Fig. 5B, bottom). Importantly, this result shows that the maintenance of Par 

polarity by PFCs is functionally important for robust microtubule cytoskeleton polarization.  

According to the current model of Par network polarization in the Drosophila oocyte, Par-1 is excluded 

from the anterolateral membrane through phosphorylation by the kinase aPKC, which is recruited to the 

membrane through interaction with Bazooka (Doerflinger et al., 2010). Conceivably, accumulation of 

Bazooka at the posterior after PFC ablation may recruit aPKC, eventually leading to Par-1 delocalization 

at the posterior. To obtain insight into the sequence of events, we performed live imaging of egg chambers 

from flies that endogenously express aPKC::GFP (Fig. S5A and Video 6) (Chen et al., 2018). Since both 

follicle cells and germline express aPKC, the initial posterior exclusion of aPKC in the oocyte is masked 

by the apical signal in follicle cells. However, once PFCs are ablated their aPKC::GFP signal disappears 

and any fluorescence detected can be associated to aPKC in the oocyte (Fig. S5B, bottom row). Therefore, 

our assay allows us to unambiguously detect possible accumulation of aPKC following ablation of PFCs. 

Although the signal of endogenously driven protein expression is significantly lower when compared to 

using GAL4/UASp expression system, we were able to observe accumulation of aPKC in most of the 

oocytes (Fig. S5B, arrowheads). An intensity analysis of aPKC::GFP showed 6 of 7 oocytes had 

significant accumulation. More importantly, aPKC localization lagged upon perturbation and was always 

preceded by the accumulation of Bazooka (Fig. S5C,D). However, on average, the loss of Par-1 was faster 

than the kinetics of aPKC ectopic localization after perturbation (Fig. 5F), suggesting that Par-1 loss 

occurred before aPKC localised. We conclude that aPKC accumulation is insufficient for Par-1 

displacement, and the maintenance of Par-1 localization at the posterior requires the oocyte to be in 

contact with PFCs. 

Discussion 

In Drosophila, the canonical events of oocyte polarization ultimately lead to the delivery of mRNAs to 

specific regions of the oocyte, which causes a symmetry break of gene expression that defines head and 

tail of the future embryo (St Johnston and Nüsslein-Volhard, 1992). The main posterior determinant is 

oskar mRNA, which is delivered to the posterior by two distinct processes – directed transport and 

cytoplasmic streaming (Lu et al., 2018). Delivery by kinesin-dependent directed transport occurs during 

stages 7–9 of oogenesis. Because plus end–directed kinesin transport is stochastic and insensitive to Par-1, 

the microtubule cytoskeleton must be polarized so that microtubule plus–ends preferentially accumulate at 

the posterior. This is achieved through Par-1 dependent inhibition of microtubule nucleation at the 
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posterior (Doerflinger et al., 2010; Nashchekin et al., 2016; Parton et al., 2011). Our results show that cell 

contact with PFCs inhibits Bazooka accumulation and retains Par-1 localization at the posterior of the 

oocyte. Therefore, PFCs have the crucial role in maintaining polarization of the microtubule cytoskeleton 

during stages when oskar mRNA is delivered to the posterior by microtubule-mediated directed 

transport. At stage 10B, the mechanism of directed transport is substituted by cytoplasmic streaming, 

which delivers mRNA particles in bulk to the posterior where oskar is anchored by myosin II (Lu et al., 

2018). Interestingly, this is the stage at which we observe loss of contact between the PFCs and the 

oocyte, as well as the loss of Par polarity. However, since polarization of the microtubule network is not 

necessary for cytoplasmic streaming, this does not compromise oskar localization during late oogenesis. 

Instead of maintaining tight contact between PFCs and the oocyte, molecular components building the 

eggshell can now be deposited into the intercellular space by the follicle cells to prepare for egg 

maturation (Cavaliere et al., 2008). 

In our current understanding of Par protein interaction and Par domain formation (reviewed in Hoege and 

Hyman, 2013), the affinity of the posterior Par-1 for binding sites at the plasma membrane is modulated 

by phosphorylation activity of anterior Par complex member aPKC. Par-1 can phosphorylate anterior Par 

complex member Bazooka, which modulates the affinity of the anterior Par complex to bind to the 

membrane or binding sites thereon. Because Par proteins exhibit diffusive properties at the membrane 

(Goehring et al., 2011b), they not only accumulate by recruitment from the cytoplasm, but also move 

laterally on the membrane and form reciprocal domains, where they remain unphosphorylated and have 

high binding affinity. The antagonistic effect between anterior and posterior Pars is likely occurring 

everywhere in the cell but is strongest where these proteins are most concentrated – at the plasma 

membrane. This model can recapitulate Par domain formation, but it requires a trigger or initial symmetry 

break that allows the reaction-diffusion network to converge towards stable domain formation. In C. 

elegans the symmetry break is likely linked to the position of the centrosome provided by the sperm 

(Bienkowska and Cowan, 2012; Goldstein and Hird, 1996). A biochemical signal from the centrosome 

was proposed to locally inhibit actomyosin contractility and cause a local asymmetry in cortical flow 

(Munro et al., 2004). Since anterior Pars are embedded within the cortex, they are displaced from the 

posterior by advection allowing Par-1 (and Par-2) to accumulate from the cytoplasm (Goehring et al., 

2011a; Munro et al., 2004). While the inhibitory signal (cascade) emerging from the centrosome is yet to 

be fully resolved (see Gan & Montegi, 2021 for a review), it is important to recognize in this model that 

signal transmission is achieved by a mechanical process that removes the anterior Par complex from what 

becomes the posterior domain. We show in the present study that, in the Drosophila oocyte, Bazooka 

exclusion – or inhibition of its accumulation – at the posterior involves the mechanical transduction of 

posterior follicle cell contact. This contact could either change the membrane composition, binding sites 

thereon, or the hydrodynamic events close by, leading to locally distinct physical and chemical 

circumstances for anterior Par proteins not to concentrate.  
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Both accumulation of Bazooka and delocalization of Par-1 following ablation of PFCs are restricted to the 

membrane that was in direct contact with ablated follicle cells. We conclude that the remaining PFCs 

continue transducing the signal that excludes Bazooka and retains Par-1. This agrees with previously 

reported work studying mosaic mutants in components of signalling pathways that are necessary for 

differentiation of PFCs (Frydman and Spradling, 2001; Poulton and Deng, 2006; Xi et al., 2003). In sum, 

these studies showed that oskar mRNA and Staufen protein correctly localize to the membrane facing WT 

follicle cells, while their localization is lost at the membrane facing neighbouring cells that did not adopt 

posterior fate. This observation argues against the idea that the polarizing signal is a diffusible molecule 

within the extracellular space.  

What distinguishes the cell-cell contact to PFCs from that of lateral follicle cells? Recent screening found 

that components of extracellular matrix (ECM) and ECM-associated proteins are upregulated in PFCs 

(Wittes and Schüpbach, 2019). Growing body of evidence suggests that there is a crosstalk between cell-

ECM and cell-cell adhesion (reviewed in Mui et al., 2016). For example, integrins have been reported to 

increase the strength of cadherin adhesions (Martinez-Rico et al., 2010). Therefore, it is possible that 

PFCs-ECM interaction affects the adhesion between the PFCs and the oocyte. Alternatively, differential 

expression of eggshell genes occurs in the different subtypes of follicle cells. The eggshell is composed of 

five distinct layers, for which the molecular components are secreted by the follicle cells. The first layer is 

the vitelline membrane, which starts to be deposited at stage 9, at the time when Bazooka is excluded from 

the posterior (Cavaliere et al., 2008). There are four vitelline membrane genes, one of which, VM32E, is 

expressed in the main body follicle cells but not in the PFCs (Gargiulo et al., 1991). At stage 10, VM32E 

protein is found at the interface between main body follicle cells and the oocyte, but not at the posterior 

(Andrenacci et al., 2001). Interestingly, the protein spreads to the posterior by stage 11, which is the time 

when the connection between the PFCs and the oocyte is lost. Therefore, it is possible that VM32E is 

involved in separating follicle cells from the oocyte. Alternatively, the loss of contact between the PFCs 

and the oocyte could be the consequence of deposition of the second layer of eggshell, a vax layer, which 

starts at late stage 10 (Cavaliere et al., 2008). 

Whatever the mechanism of keeping the oocyte and PFCs in close contact is, it seems to be important to 

maintain Bazooka exclusion. Interestingly, the first anterior-posterior polarization event - positioning of 

the oocyte to the posterior of the germline cyst at stage 1– is facilitated by cadherin mediated adhesion 

between follicle cells and the oocyte (Godt and Tepass, 1998; González-Reyes and St Johnston, 1998). In 

addition, the Par network becomes transiently polarized around this stage, with Par-1 at the posterior, and 

Bazooka at the anterior of the oocyte (Vaccari and Ephrussi, 2002). Based on this, it has been suggested 

that follicle cells are also involved in this first polarization of the oocyte (Roth and Lynch, 2009). 

A change in adhesion between PFCs and the oocyte has been proposed as a mechanism by which the 

polarizing signal could be transferred from the PFCs to the oocyte at stage 7 (Poulton and Deng, 2007). 
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How could the adhesion between follicle cells and the oocyte translate into oocyte polarization? Signals 

derived from cell-cell contact are regulators of polarization in many cells and contexts (reviewed in Ebnet 

et al., 2018). The most obvious downstream target of adhesion between the PFCs and the oocyte is the 

actin cytoskeleton. Cell adhesion modulates actin organization and dynamics (reviewed in Bachir et al., 

2017). On the other hand, intact actin cytoskeleton is required both for posterior enrichment of Par-1 and 

exclusion of Bazooka (Doerflinger et al., 2006; Jouette et al., 2019). Recently, myosin activation at the 

posterior of the oocyte has been identified as the first known signal of oocyte polarity following the signal 

from PFCs. It has been proposed that activated myosin increases tension at the oocyte posterior, which 

might be necessary for recruitment of Par-1 (Doerflinger et al., 2022). The cadherin has been reported to 

promote recruitment and activation of myosin in epithelia (Shewan et al., 2005). Therefore, it is possible 

that adhesion between the oocyte and PFCs causes specific activation of myosin at the 

posterior. Alternatively, the polarizing cue could be transferred from PFCs to the oocyte through a 

trafficking dependent process. Endocytosis is elevated at the posterior of the oocyte, and this has been 

linked to posterior localization of oskar (Tanaka and Nakamura, 2008; Vanzo et al., 2007). Additionally, 

Bazooka is not excluded from the posterior following either knockdown of Rab-5 or expression of a 

dominant negative form of Rab-5 in the oocyte. On the contrary, overexpression of the PIP5Kinase 

Skittles (SKTL), which produces phosphoinositide PI(4,5)P2, bypasses the need for Par-1 to have 

Bazooka excluded from the posterior. PI(4,5)P2 plays a role in the first steps of endocytosis, suggesting 

that SKTL overexpression rescues Bazooka exclusion in par-1 mutants by increasing endocytosis (Jouette 

et al., 2019). The trafficking could work either through direct delivery of a polarizing signal or by a 

passive process, for example by remodelling the posterior membrane or through membrane flows 

(Gerganova et al., 2021). Thus, future work should focus on the biophysics and molecular key players 

governing plasma membrane dynamics specifically at the oocyte–PFC interface. 

Main Figures  
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Figure 1. Bazooka accumulates at the posterior following the loss of contact between the oocyte and 

PFCs at stage 10B of oogenesis: (A–C) On the left are still images of stage 10B egg chambers expressing 

Bazooka::GFP (yellow) and the microtubule reporter Jupiter::mCherry (magenta) next to a transmission 

light micrograph (grey). The right graphs are intensity profiles of Bazooka::GFP (yellow), 

Jupiter::mCherry (magenta) and transmission light (grey) signal along a straight line crossing cell 

boundaries from the oocyte to either lateral or posterior follicle cells (see first image of the panel A). The 
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x-axis origin and vertical line represent the local minimum of the Jupiter::mCherry (magenta) signal, 

which we interpret as extended intercellular space (gap) between the oocyte and the follicle cells. 

Whenever this intercellular space is not clearly discernible, the position 0 μm represents the midpoint of 

the line. (A) At the beginning of stage 10B, a gap is detected between the oocyte and the lateral follicle 

cells but not the posterior follicle cells. Accumulation of Bazooka at the oocyte membrane correlates with 

existence of the gap. (B) Later in stage 10B, a gap is formed at the posterior, but Bazooka does not yet 

accumulate at the respective oocyte membrane. (C) Eventually, Bazooka accumulates to the posterior after 

the formation of the gap. The scale bars represent 20 μm for panels A–C. (D) Distribution of egg 

chambers showing one of the four possible phenotypes at stages 10A, 10B and 11. The colours in the plot 

correspond to the colour of the frame surrounding the images in panels A–C. n is the number of egg 

chambers quantified. (E) Scheme showing the timeline of events during stage 10B. Loss of contact 

between the oocyte and PFCs precedes accumulation of Bazooka to the posterior. 
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Figure 2. Mechanical detachment of PFCs from the oocyte causes posterior accumulation of 

Bazooka: (A) Schematic showing experimental assay to mechanically detach PFCs from the oocyte. A 

holding micropipette is used to aspirate and pull on the PFCs. (B) Time-lapse images of an egg chamber 

expressing Bazooka::GFP (yellow) and the microtubule reporter Jupiter::mCherry (magenta) following 
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detachment of PFCs from the oocyte. Top: merged channels, middle: Bazooka::GFP, bottom: 

Jupiter::mCherry. Formation of the intercellular space and accumulation of Bazooka are detected at the 

posterior (arrowheads). Scale bar, 20 μm (C) The average intensity profile of Bazooka::GFP signal at the 

posterior of the oocyte, measured along the oocyte cortex as represented by the white line in the inset 

image. The blue curve is the intensity measured before the PFCs were pulled, the orange curve is the 

intensity after 60 min of continuous pulling. The shaded region designates the standard deviation. The x-

axis origin represents the position of the polar cells. n is the number of experiments. (D) Intensity profile 

of Bazooka::GFP (yellow) and Jupiter::mCherry (magenta) along the line crossing cell boundaries from 

the oocyte to posterior follicle cells, as shown in the inset. The x-axis origin and vertical line represent the 

local minimum of the Jupiter::mCherry signal, which we interpret as intercellular space between the 

oocyte and the follicle cells. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 4, 2022. ; https://doi.org/10.1101/2022.03.03.482911doi: bioRxiv preprint 

https://doi.org/10.1101/2022.03.03.482911
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 4, 2022. ; https://doi.org/10.1101/2022.03.03.482911doi: bioRxiv preprint 

https://doi.org/10.1101/2022.03.03.482911
http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure 3. Bazooka localizes to the posterior following ablation of PFCs: (A) Two-colour time-lapse 

images of an egg chamber expressing Bazooka::GFP in the germline (yellow) and the microtubule reporter 

Jupiter::mCherry (magenta) before (-1 min) and after ablation of PFCs. Scale bar, 20 μm. (B) Zoom-in of 

the posterior end of the egg chamber shown in panel A. Top: merged channels, bottom: Bazooka::GFP. 

Before ablation, Bazooka is excluded from the posterior, a region highlighted by the arrowheads in the 

first image of the bottom panel. After 90 min, accumulation of Bazooka is visible at the oocyte membrane 

facing the ablated cells (arrowheads in the last image). Scale bar, 20 μm. (C) Average intensity profile of 

Bazooka::GFP signal at the posterior of the oocyte before (blue) and after (orange) ablation. The shaded 

region designates the standard deviation. The x-axis origin represents the position of the ablated region. 

Vertical lines denote the average width of the ablated region. Note that the increase of the signal is visible 

only inside the ablated region. (D) Ratio between average Bazooka::GFP intensities along the oocyte 

membrane facing ablated PFCs and lateral main body follicle cells, as shown in the inset image, before 

(blue) and after (orange) ablation for three types of ablation. PFCs: ablation of PFCs, including ablation of 

polar cells (as in panel A). Non polar PFCs: ablation of PFCs that do not include polar cells (as in Suppl. 

Fig. 3A). Ooplasm: ablation inside the ooplasm (as in Suppl. Fig 3D). A ratio equal to 1 means complete 

loss of Bazooka exclusion. Wilcoxon signed rank test was performed to assess significance (n.s.=not 

significant). (E) Intensity of Bazooka::GFP signal at the oocyte membrane facing the ablated follicle cells 

as a function of time. The thick black line shows the average of 11 oocytes, thin coloured lines are 

individual oocytes. Intensity of the ooplasm was subtracted from the Bazooka::GFP intensity, so that zero 

intensity (on average) means exclusion of Bazooka. (F) Time series of Bazooka::GFP intensity along the 

oocyte membrane facing ablated PFCs (y-axis) after PFC ablation, represented as heat map. The ablated 

follicle cells included the polar cells, and the ablated region is flanked by still intact PFCs. (G) As in panel 

F, but for ablations that excluded polar cells, so that the ablated region was flanked by intact polar cells on 

one side (bottom of y-axis) and main body follicle cells on the other side (top of y-axis). Note the signal 

inflow from the top of the graph. For all panels t = 0 is the first frame after ablation, n is the number of 

experiments.  
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Figure 4. Par-1 does not delocalize from the posterior prior to the accumulation of Bazooka: (A) 

Two-colour time-lapse images of an egg chamber expressing Par1::GFP in the germline (cyan) and 
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Bazooka::mCherry (yellow) before (-1 min) and after ablation of PFCs. Scale bar, 20 µm (B) Zoom-in of 

the posterior of the egg chamber shown in panel A. Top: Par1::GFP, bottom: Bazooka::mCherry. Bazooka 

accumulates to the posterior following ablation, but Par-1 does not delocalize (arrowheads). Scale bar, 20 

µm. (C) Average intensity profile of Par-1::GFP (cyan) and Bazooka::mCherry (yellow) signal at the 

posterior of the oocyte before (top graph) and after ablation of PFCs (bottom graph). The shaded region 

designates the standard deviation. The x-axis origin represents the position of the polar cells (top) or 

center of ablation spot (bottom). Note that Bazooka is excluded from the region where Par-1 is present 

before ablation (top), but it accumulates there after ablation of PFCs (bottom) while Par-1 remains 

accumulated at the posterior after ablation (bottom, blue). (D) Time lines of Par-1::GFP (left) and 

Bazooka::mCherry (right) intensity at the oocyte membrane facing the ablated follicle cells. The thick 

black line shows the average of 5 oocytes, thin grey lines represent measurements from individual 

oocytes. The signal within the ooplasm was subtracted from the signal at the cortex, so that zero intensity 

represents a complete exclusion at the posterior. Note that Par-1 does not delocalize, although there is a 

decreasing tendency. A marked increase in intensity highlights the accumulation of Bazooka to the 

posterior after PFC ablation. (E) Ratio between Par-1::GFP intensities at the membrane of the oocyte 

facing posterior ablated PFCs or intact PFCs sightly lateral, as shown in the inset image, before (blue) and 

after (orange) ablation. There is no significant reduction of the ratio which would indicate delocalisation 

of Par-1. (F) Ratio between Bazooka::mCherry intensities at the posterior and lateral membrane of the 

oocyte (facing main body follicle cells), measured as shown in the inset image, before (blue) and after 

(orange) ablation. The ratio 1 signifies complete loss of posterior exclusion. There is a significant increase 

in the ratio, showing accumulation of Bazooka to the posterior. Wilcoxon signed rank test was performed 

to assess significance (n.s. = not significant). For all panels t = 0 is the first frame after ablation, n is the 

number of experiments. 
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Figure 5. Par-1 delocalizes by diffusion of PFC dependent binding sites: (A) Two-colour time-lapse 

images of an egg chamber expressing Par1::GFP in the germline (cyan) and Jupiter::mCherry (magenta) 

before (-1 min) and after ablation of PFCs. Scale bar, 20 µm (B) Zoom-in of the posterior of the egg 

chamber shown in panel A. Top: Par-1::GFP, bottom: Jupiter::mCherry. Par1::GFP signal decreases 

markedly only after 90 min, and an increase of Jupiter::mCherry signal at the posterior ~2.5h after ablation 

marks microtubule growth (arrowheads). Scale bar, 20 µm (C) Time series of Par-1::GFP intensity along 

the oocyte membrane facing ablated PFCs (y-axis) after PFC ablation, represented as heat map. (D) 

Normalized FRAP data for Par1::GFP signal at the oocyte membrane. Thick blue line is mean, the shaded 

region designates the standard deviation, the dashed line is the fitted curve obtained by fitting a single 

exponential function. (E) Intensity of Par-1::GFP signal at the oocyte membrane facing the ablated follicle 

cells as a function of time. The thick lines represent the mean, the thin lines are measurements from 

individual oocytes at stage 9 (orange) or 10A (blue). Intensity of the ooplasm was subtracted from the 
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signal at the membrane i.e. zero intensity means complete exclusion of Par-1 at the posterior. (F) 

Normalized average intensities of Par1::GFP (dashed line) and aPKC::GFP (solid line) following the 

ablation of PFCs as a function of time. Note the delay of aPKC signal increase. For all panels, time zero 

marks the first frame after ablation or photobleaching. 

Materials and Methods 

Fly stocks and husbandry 

Fly lines used in this study: 

Genotype Origin Reference 

w; +; Jupiter::mCherry Daniel St Johnston Lab Lowe et al., 2014 

w; UASp>GFP::Par-1(N1S)/CyO;+ Daniel St Johnston Lab Huynh et al., 2001 

w; UASp>Bazooka::mGFP/CyO;+ Daniel St Johnston Lab Benton and St Johnston, 
2003b 

w; UASp>Bazooka::mCherry/CyO;+ Bloomington Drosophila Stock 
Center 

#65844 

w; GFP:aPKC; + Eurico Morais-de-Sá Lab Chen et al., 2018 

w; mat-α4>Gal4; + Bloomington Drosophila Stock 
Center 

#7062 

w; +; mat-α4>Gal4 Bloomington Drosophila Stock 
Center 

#7063 

  

To express UASp-transgenes, flies were crossed with mat-α4>Gal4 driver. The cross was kept at 25℃ for 

3-4 days, after which parents were removed from the vial, and the vial was transferred to 18℃ for the 

remaining time of the development. Viability and fertility tests were performed for all lines. Female 

offspring of the desired genotype were collected in vials with 3-4 males and supplied with fresh yeast. The 

flies were kept in vials at 18℃ for 3-4 days before dissection. Detailed genotypes of flies used in the 

experiments were: 

w*, mata4>Gal4 / UASp>Bazooka::mGFP ; Jupiter:mCherry/Jupiter::mCherry 

(Fig. 1, 2, 3; Fig. S1A–B and Fig. S3) 

w*; UASp>GFP::Par-1(N1S)/+ ; mata4>Gal4/Bazooka::mCherry (Fig. S1C–E; Fig. 4) 
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w*; mata4>Gal4 / UASp>GFP::Par-1(N1S) ; Jupiter:mCherry/Jupiter::mCherry 

(Fig. S4; Fig. 5) 

w*; GFP::aPKC / UASp>Bazooka::mCherry;  + / mata4>Gal4 (Fig. S5) 

Cleaning of coverslips and sample preparation 

22x22 mm No. 1.5 coverslip (Marienfeld) were placed in a ceramic rack, placed into a beaker with NaOH 

(3M) and sonicated for 10 min. The rack was dipped-and-drained in a beaker with MilliQ water, 

transferred to clean MilliQ water and sonicated for 10 min. Finally, the rack was transferred into a new 

beaker with clean MilliQ water and sonicated for another 10 min. Coverslips were spin-dried and stored in 

a clean rack and sealed container until final use. Ovaries were dissected in a drop of halocarbon oil 

(Voltalef 10S, Arkema) placed on a clean coverslip, using tweezers to separate individual germaria. 

Microscopy 

Imaging was performed on a Nikon Eclipse Ti-E microscope equipped with a Yokogawa CSU-W 

Spinning Disk confocal scanner and a piezoelectric stage (737.2SL, Physik Instrumente), using 40x water 

immersion objective and 488 nm and 561 nm laser lines for excitation of GFP and mCherry, respectively. 

Images were acquired at 73 focal planes with 0.5 μm z-spacing. x-y pixel size was 162 nm. An Andor 

iXon3 888 EMCCD camera was used for time-lapse acquisitions, while an Andor Zyla 4.2 sCMOS 

camera, which offers 2x wider field of view, was used for snapshot images of whole egg chambers for 

analyses as shown in Fig. 1 and Suppl. Fig. 1. During time-lapse microscopy, images were acquired every 

30 s (in experiments show in Figures 2, 3, S3 and S4) or every 60 s (in experiments show in Fig. 4) for 

60–90 minutes. To assess Par protein dynamics at longer timescales (Fig. 5 and S5), images were acquired 

every 10 min for at least 150 minutes. 

Laser ablation 

The laser ablation system used in this study was described elsewhere (de-Carvalho et al., 2022). Follicle 

cells were ablated using circular ablation (60 px diameter, 5 px step size) and 50% laser power. Ablation 

was performed 25 times while moving manually in z direction to UV expose the entire depth of the cells. 

To control for unspecific effects of laser ablation, the ooplasm was ablated using identical power settings. 

Fluorescence recovery after photobleaching (FRAP) 

Par1::GFP at the oocyte membrane was bleached along ~100 px long line using the laser used for the 

ablation (2% laser power, 1 px step size). Bleaching was performed in 10 z-planes with 0.5 μm spacing 

between planes. Images were acquired every 15 s for 15 min. At least two images before photobleaching 

were acquired.  

Image processing 
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Image deconvolution was done in Huygens (Scientific Volume Imaging) using a theoretical point spread 

function (PSF), 40 iterations, a signal-to-noise ratio of 8 and automatic brick layout. The background was 

estimated by measuring the signal in areas where there was no egg chamber. Deconvolution was done 

separately for each channel. Images shown in the figures were made by calculating the sum of 6 z-slices in 

Fiji/ImageJ (National Institutes of Health; (Schindelin et al., 2012). Final figures were assembled in 

Illustrator (Adobe). 

Image analysis 

All measurements were performed in Fiji/ImageJ on a sum of 6 z-slices. All measurements were 

performed on raw images, except for the intensity profiles shown in Fig. 1A-C and Fig. 2D, which were 

done on deconvolved images. The profiles were measured by drawing a 10 px wide line from the oocyte 

to the follicle cells and measuring the mean intensity across the line in all three channels (Bazooka::GFP, 

Jupiter::mCherry and polarized transmission light). 

Profiles of signal intensities at the posterior membrane of the oocytes were calculated by drawing a 10 px 

wide segmented line across the oocyte posterior cortex. Values of intensities for each frame were 

normalized using min-max normalization. The zero position on the x-axis represents the reference point, 

i.e. the polar cells or the ablation spot. 

To calculate the posterior to lateral intensity ratio, a 10 px wide and ~50 μm long line was drawn at the 

posterior and lateral membrane cortex of the oocyte. Mean intensity across this line was calculated and the 

mean value of the background signal was subtracted from this value. The background signal was measured 

by drawing a 10 px wide and ~50 μm long line in an area of the image where there was no egg chamber. 

To measure the change in intensity over time, a 10 px wide segmented line was drawn, covering only the 

membrane that was previously in contact with ablated follicle cells. The line was manually moved if 

necessary due to x-y drift of the sample. Mean value of intensity across this line was measured in all time 

frames. Background signal was measured in the ooplasm next to the posterior membrane of the oocyte, 

using a 10 px wide and ~50 μm long line. Intensity shown in graphs was calculated by subtracting the 

mean value of the background signal from the mean intensity at the membrane. To produce the heatmaps, 

the profile of intensity across the line was obtained, and mean background signal was subtracted. Since the 

length of the ablation region was different in different experiments, the values of pixel intensities were 

binned into 30 bins. The final heatmaps show the intensity in 30 bins averaged over several experiments. 

Mean fluorescence intensities of photobleached region were measured by drawing a 10 px wide line over 

the region. To correct for photobleaching, the mean intensity of reference signal was measured inside the 

ooplasm. The background signal, measured outside of the egg chamber, was subtracted from the signal 

measured in both bleached and reference region. Normalized intensity was calculated as: 
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Where 𝐼𝐼!"# and 𝐼𝐼!'( are background subtracted intensity at the bleached region and reference region, 

respectively.  𝐼𝐼!"#,% and 𝐼𝐼!'(,% are intensities before bleaching. 

The normalized intensity was fitted to single exponential equations of the form: 

𝐼𝐼 = 1 − 𝑒𝑒)*+ 

Finally, the half-time of recovery was calculated as: 𝑡𝑡,/. = 	
/0.
*

 

Statistical analysis, curve fitting and plotting were done using Python. Information on sample size, 

statistical tests and p-values are shown in figures or mentioned in figure captions. 
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Figure 1 supplement. Localization of Bazooka and Par-1 during stages 10 and 11 of oogenesis: On 

the left are still images of stage 10A (A) and 11 (B) egg chambers expressing Bazooka::GFP (yellow) and 

the microtubule reporter Jupiter::mCherry (magenta) next to a transmission light micrograph (grey). The 

right graphs are intensity profiles of Bazooka::GFP (yellow), Jupiter::mCherry (magenta) and transmission 
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light (grey) signal along a straight line crossing cell boundaries from the oocyte to either lateral or 

posterior follicle cells. The x-axis origin and the vertical line represent the local minimum of the 

Jupiter::mCherry (magenta) signal, which we interpret as extended intercellular space (gap) between the 

oocyte and the follicle cells. If the intercellular space is not clearly discernible, the position 0 μm 

represents the midpoint of the line. (A) At stage 10A, the gap is visible between the oocyte and the lateral 

follicle cells, but not between the oocyte and the posterior follicle cells. Accumulation of Bazooka 

correlates with the existence of the gap. (B) At stage 11, both the gap and Bazooka accumulation are 

visible at the posterior. (C–E) Stage 10A, 10B and 11 egg chambers expressing Bazooka::mCherry 

(yellow) and Par-1::GFP (cyan) in the germline. At stage 10A, the mutual exclusion zone between 

Bazooka and Par-1 exists at the posterior. During stage 10B Bazooka accumulates to the posterior before 

delocalisation of Par-1. At stage 11, both exclusion of Bazooka and accumulation of Par-1 at the posterior 

are lost. (F) Distribution of egg chambers showing different posterior Par protein localization patterns. 

The colours in the plot correspond to the colour of the frame surrounding the images in panels C–E. Note 

that Par-1 delocalisation never precedes accumulation of Bazooka. Scale bars represent 20 μm, n is the 

number of egg chambers. 
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Figure 3 supplement. Bazooka localizes to the posterior following ablation of PFCs: (A) Two-colour 

time-lapse images of an egg chamber expressing Bazooka::GFP in the germline (yellow) and the 
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microtubule marker Jupiter::mCherry (magenta) before (-1 min) and after ablation of PFCs. (B) Zoom-in 

of the posterior of the egg chamber shown in panel A. Top: merged channels, bottom: Bazooka::GFP. 

Dashed circle in the first image of the top panel represents the ablation spot. Note that polar cells (pair of 

cells with high Jupiter signal) are not ablated. After 80 min, the accumulation of Bazooka::GFP is visible 

at the oocyte membrane facing the ablated cells (arrowheads in last image). (C) Average intensity profile 

of Bazooka::GFP signal at the posterior of the oocyte before (blue) and after (orange) ablation. The shaded 

region represents the standard deviation. The x-axis origin represents the position of the ablated region. 

Vertical lines denote the average width of the ablated region. Note that the signal increases markedly only 

within the ablated region. (D) Two-colour time-lapse images of an egg chamber expressing Bazooka::GFP 

in the germline (yellow) and microtubule marker Jupiter::mCherry (magenta) before (-1 min) and after 

ablation within the ooplasm. (E) Zoom-in of the posterior of the egg chamber shown in panel D. Top: 

merged channels, bottom: Bazooka::GFP. Dashed circle in the first image of the bottom panel shows the 

position of the ablation spot. Bazooka remains excluded from the posterior after ablation (arrowheads). (F) 

Average intensity profile of Bazooka::GFP signal at the posterior of the oocyte before (blue) and after 

(orange) ablation within the ooplasm. The shaded region designates the standard deviation. The x-axis 

origin represents the position of polar cells. For all panels the scale bar represents 20 μm, and n is the 

number of experiments. 
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Figure 4 supplement. Par-1 does not delocalize from the posterior prior to the accumulation of 

Bazooka. 

(A) Two-colour time-lapse images of an egg chamber expressing Par-1::GFP in te germline (cyan) and 

microtubule marker Jupiter::mCherry (magenta) before (-1 min) and after ablation of main body follicle 

cells. The dashed circle in the first image represents the ablation spot. (B) Zoom-in of the lateral side of 

the egg chamber shown in panel A. Top: merged channels, bottom: Par-1::GFP. (C) Average intensity 

profile of Par-1::GFP signal around the ablated region before (blue) and after (orange) ablation of the main 

body follicle cells. The shaded region designates the standard deviation. The x-axis origin represents the 

center of the ablated region. (D) Two-colour time-lapse images of an egg chamber expressing Par1::GFP 

in the germline (cyan) and Jupiter::mCherry (magenta) before (-1 min) and after ablation of PFCs. (E) 

Zoom-in of the posterior of the egg chamber shown in panel A. Top: merged channels, bottom: Par-

1::GFP. (F) Average intensity profile of Par-1::GFP signal at the posterior of the oocyte before (blue) and 

after (orange) ablation of PFCs. The shaded region designates the standard deviation. The x-axis origin 

represents the center of the ablated region. There is no decrease in the Par-1::GFP signal following 

ablation of PFCs. Scale bars represent 20 μm, n is the number of experiments. 
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Suppl. Figure 5. aPKC is recruited to the posterior following accumulation of Bazooka: (A) Two-

colour time-lapse images of an egg chamber expressing Bazooka::mCherry (magenta) in the germline and 

aPKC::GFP (green) endogenously before (-1 min) and after ablation of PFCs. (B) Zoom-in of the posterior 

of the egg chamber shown in panel A. Top: aPKC::GFP, bottom: Bazooka::mCherry. Both aPKC::GFP 

and Bazooka::mCherry accumulate at the posterior of the oocyte at the end of the experiment 

(arrowheads). (C-D) Intensity of aPKC::GFP (C) and Bazooka::mCherry (D) signal at the oocyte 

membrane facing the ablated follicle cells as a function of time. The thick black line shows the mean, thin 
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grey lines are individual oocytes. Note that the aPKC::GFP signal could not be normalized with respect to 

the signal in the ooplasm because of the high level of yolk autofluorescence in the ooplasm. Intensity of 

the ooplasm was subtracted from the Bazooka::mCherry intensity, so intensity 0 signifies complete 

exclusion of Bazooka. Scale bars represent 20 μm. Time 0 is the first frame after ablation, n is the number 

of experiments. 

 

Supplementary Video Legends 

Video 1. Sum of 6 z-slices from a time-lapse movie of egg chamber expressing Bazooka::GFP (yellow) 

and microtubule marker Jupiter::mCherry (magenta) following detachment of PFCs from the oocyte. Left: 

polarized transmission light, right: florescence. Frame rate is 10 frames/s. In support of Fig. 2. 

Video 2. Sum of 6 z-slices from a time-lapse movie of egg chamber expressing Bazooka::GFP (yellow) 

and microtubule marker Jupiter::mCherry (magenta). PFCs were ablated at time 0. Frame rate is 10 

frames/s. In support of Fig. 3. 

Video 3. Sum of 6 z-slices from a time-lapse movie of egg chamber expressing Bazooka::GFP (yellow) 

and microtubule marker Jupiter::mCherry (magenta). Ooplasm was ablated at time 0. Frame rate is 10 

frames/s. In support of Suppl. Fig. 3. 

Video 4. Sum of 6 z-slices from a time-lapse movie of egg chamber expressing Par1::GFP (cyan) and 

Bazooka::mCherry (yellow). PFCs were ablated at time 0. Frame rate is 10 frames/s. In support of Fig. 4. 

Video 5. Sum of 6 z-slices from a time-lapse movie of egg chamber expressing Par1::GFP (cyan) and 

microtubule marker Jupiter::mCherry (magenta). PFCs were ablated at time 0. Frame rate is 5 frames/s. In 

support of Fig. 5. 

Video 6. Sum of 6 z-slices from a time-lapse movie of egg chamber expressing Bazooka::mCherry 

(magenta) in the germline and aPKC::GFP (green). PFCs were ablated at time 0. Frame rate is 5 frames/s. 

In support of Fig. Suppl. 5. 
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