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MS TITLE: Lgl cortical dynamics are independent of binding to the Scrib-Dlg complex but require 
Dlg-dependent restriction of aPKC 
 
AUTHORS: Guilherme Ventura, Sofia Moreira, Andre Barros-Carvalho, Mariana Osswald, and Eurico 
Morais-de-Sa 
 
I have now received all the referees reports on the above manuscript, and have reached a decision. 
The referees' comments are appended below, or you can access them online: please go to 
BenchPress and click on the 'Manuscripts with Decisions' queue in the Author Area. 
 
The overall evaluation is cleary very positive and we would like to publish your manuscript in 
Development, provided that the referees' comments can be satisfactorily addressed. In essence, 
besides a few minor text changes proposed by reviewers 2 and 3, reviewer 1 brings up an issue with 
FRAP data shown in Figure 1. I think this point does make sense and I suggest two options. You may 
decide to address these concerns following the suggestions of the reviewer 1 (a few controls), or to 
just remove the FRAP data as I concur with Rev 1 that these data are not truly essential. Please let 
me know what you think about this. 
 
 
Reviewer 1 
 
Advance summary and potential significance to field 
 
The mechanism by which basolateral membranes are specified remains poorly understood. While a 
conserved set of proteins, Scribbled, Discs-Large, and LGL operate in a range of contexts and are 
often referred to as the SCRIB/DLG/LGL complex due the similarity of phenotype, how these 
proteins work together to define apicobasal polarity and enforce exclusion of apical proteins from 
basolateral membranes remains unclear.  
 
This manuscript explores the functional relationship between these proteins in establishing polarity 
using the Drosophila follicular epithelium as a model. They present evidence using a combination of 
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genetic epistasis and in vivo interaction analysis to suggest that LGL does not physically interact 
with SCRIB/DLG and that SCRIB/DLG are only required for LGL membrane association when aPKC is 
present. Previous work (Dong et al, 2015), consistent with data here, has already shown that PIP2 
depletion causes displacement of LGL from membranes independently of aPKC, and the data here 
demonstrate that this membrane binding by LGL is independent of SCRIB/DLG. They therefore 
propose a model in which (1) LGL binds to membranes directly, (2) LGL can be displaced by aPKC 
through phosphorylation, but that (3) displacement of LGL is suppressed in the presence of 
SCRIB/DLG in basolateral membranes. This analysis is well done and the results support their 
general conclusion that SCRIB/DLG are unlikely to be physical anchors for LGL, but rather are 
important to exclude aPKC which otherwise would displace LGL. The mechanism by which 
SCRIB/DLG accomplish this feat is unclear and is not explored further. 
 
A substantial part of their work is devoted to the use of FRAP to analyse changes in membrane 
dynamics of these proteins on basolateral membranes in support of the the afore-mentioned 
experiments. They observe that LGL is dynamically associated with basolateral membranes and 
further observe that LGL recovery halftimes decrease upon loss of SCRIB/DLG, upon over expression 
of aPKC, and upon disruption of membrane lipids, which they argue supports their model in which 
SCRIB/DLG stabilise LGL against the action of aPKC. However, I have several major concerns 
regarding this data in its current form, which I detail below. These caveats limit the mechanistic 
conclusions that can be drawn, particularly with respect to the nature of turnover (e.g. diffusion vs 
changing membrane association), and thus they do not add much to the overall story.  
 
Overall, I find the genetic and interaction analysis relatively solid and provide interesting insight 
into the action of SCRIB/DLG vis-a-vis LGL, which will be useful to the field. However, extensive 
caveats with the FRAP analysis and a lack of more substantial new mechanistic insight into the 
action of SCRIB/DLG prevent me from recommending publication @Development in its current form.  
 
Comments for the author 
 
Major concerns: 
 
1. The FRAP experiments need much more careful validation, interpretation. 
 
One issue that may significantly affect the validity of the conclusions in this work is the 
contribution of cytoplasmic fluorescence. The proposed experiments will necessary bleach a 
substantial fraction of cytoplasmic molecules near the target membrane. Consequently in the first 
post bleach frame, there will be a local bleached region of both membrane and the surrounding 
cytoplasm. The cytoplasmic recovery will tend to be rapid and diffusive, and hence sensitive to 
bleach area. This cytoplasmic recovery may also limit recovery in the membrane regions. It would 
be good to know how fast this is and whether this might impact the observed recovery rates. 
 
If PKCdeltaN overexpression displaces LGL to the cytoplasm, then the FRAP result in this condition 
(t1/2 ~ 2 s) could largely be due to the dominance of cytoplasmic recovery. Moreover, this 
timescale is rather uncomfortably close to the fast component (t1/2 ~ 2-4 s) observed in other 
experiments, suggesting these rapid recovery timescales are due to the confounding effects of 
cytoplasmic recovery.  
 
If this fast timescale is due to recovery of a distinct pool (e.g. cytoplasm), then 1-component fits 
will represent some average behaviour of the two processes and hence anything that affects the 
relative abundance of cytoplasm and membrane-associated molecules will necessarily give rise to 
an apparent change in dynamics, even if the timescales of the two processes remain the same. 
Given that the conditions that lead to ‘faster’ dynamics are all associated with increased 
cytoplasmic populations it is important to rule this out - otherwise, FRAP is primarily measuring the 
relative ratio of molecules in the two states rather than any change in the dynamics of each state. 
 
This effect could also influence the conclusions of Fig 1D - if diffusion in the cytoplasm is not very 
rapid, there will be a lag in the effects of local bleaching of the cytoplasmic pool on the cortical 
pools that is a function of distance, but this would not reflect membrane diffusion.  
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Some controls could be very useful. For example, by bleaching a region of cytoplasm and then 
looking at the effects on cortical regions as a function of distance. Similarly, one could bleach a 
cytoplasmic volume and measure recovery, using a neighbouring cell as a control to get a sense of 
cytoplasmic recovery timescales. Also, are there any proteins with known behaviours that could be 
analysed as controls for membrane diffusion, exchange, etc.? 
 
Importantly, the authors should be careful and more specifically define the use of the terms 
‘mobility’ and ’turnover’ - recovery is likely multifactorial and their FRAP data as currently 
presented do sufficiently assess whether molecules change mobility (i.e. change in apparent 
diffusion) or alter membrane binding kinetics under their various perturbations.  
 
Overall, it is not clear to me that the FRAP data as presented add much to the story. 
 
2. LatA / PIP2. I think it is difficult to draw conclusions regarding the effects of LatA treatment and 
PIP2 depletion as these may induce pleiotropic effects on membrane dynamics independent of any 
specific effect on LGL. Moreover, because of the increased cytoplasmic pool of LGL in PIP2 
depletion conditions, the FRAP should be interpreted in light of caveats in point 1, making it hard 
to conclude that PIP2 restrains mobility of LGL. Moreover, a key message is that LGL binds 
membrane directly via PIP2, a point somewhat undercut by the relatively good membrane 
localisation in these experiments (which may be specific to UAS-LGL - see below). 
 
3. In general, I worry about the use of the UAS-LGL as this ‘rescues’ membrane localisation and 
appears to show consistently slower recovery timescales than endogenous. This raises the potential 
issue that it doesn’t accurately reflect the true dynamics of LGL under various conditions and/or is 
biasing the system towards a membrane bound state. It also begs the question of how LGL is 
binding under these conditions given that PIP2 is rapidly lost.  
 
Other points: 
 
4. Discussion - There is speculation in the discussion that I am not convinced is warranted. 
- “This [their data] suggests the presence of a physical or biochemical barrier…” I am not sure 
where this comes from. No citations and I do not see how the data support this mechanism of aPKC 
exclusion.  
 
5. I note that a manuscript, currently on BioRxiv (Khoury 2020), reports similar data. I mainly bring 
this up as it supports the conclusions here and suggest it could be brought up within the Discussion 
without detracting from this work. However, I would also note that the FRAP experiments in this 
other work suffer from several of the same caveats present here. 
 
6. In the last paragraph of the discussion, there appear to be words missing in the following 
sentence: “which could participate of apical proteins” -  
 
Technical points: 
 
7. 405 nm bleaching laser can sometimes induce cell damage and is probably not the best choice 
for photobleaching. Have the authors looks for any evidence of 405 damage to cells such as changes 
in cytoskeletal dynamics / localisation. 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
In this study, the authors set out to test and determine the determinants of Lgl lateral localisation 
within epithelial cells, using the follicle cell of the Drosophila ovary as a model system. Lgl 
together with Dlg and Scrib antagonises the apical polarity determinants, in particular aPKC 
function, to establish epithelial polarity at the cortex. 
Using FRAP as well as a combination of genetic, pharmacological and ectopic in vivo clustering 
methods, the authors show that Lgl dynamics mostly depend on phospholipids, and Dlg is only 
required for Lgl dynamics when aPKC is present. Light-induced ectopic complexes of Dlg or Scrib do 
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not co-trap Lgl, suggesting that they might also not form in the normal context. They conclude that 
Lgl works in parallel to Dlg-Scrib in the lateral domain to antagonise aPKC. 
 
Comments for the author 
 
This is a nice paper with a clear central message, well supported by the experimental data. The 
authors make efficient use of a number of novel tools, partly developed by other labs, partly 
modified and co-opted to the fly system by them (i.e. pharmacological inhibition of an aPKC allele; 
light-induced PIP2 degradation; light-induced protein clustering in vivo etc.). 
 
I have no major concerns, just a few comments: 
 
*) The manuscript would benefit from careful proof-reading, there are numerous typos and 
grammatical errors dotted throughout, I list some below. 
 
*) The authors use the follicle epithelium as their model system. This is a rather particular 
epithelium in many ways, so I would appreciate if the authors could put their findings more into 
context in the discussion with regards to whether they expect these to be universal findings they 
have uncovered, or in part specific to this epithelium? 
Are there any data (published or data the authors have) from other epithelia that would point 
either way? 
 
*) comments on Figures: 
- Fig.2H would benefit from being displayed bigger. 
- Figure 3: individual channels for E and F would help, and panel G is confusing the way it is 
labelled… 
- Fig. 4F: as in the other parts of this figure, it would be good to show the individual channels in 
black and white as well 
 
Typos and grammatical errors: 
 
Firstly: page numbers would be useful to be able to point these out precisely! 
 
- introduction, second paragraph: ‘Lgl localizes basally..’ should rather be ‘basolaterally’ 
 
- last paragraph of Introduction: 
‘…, the later regulates Lgl turnover…’ should be ‘…the latter…’ 
 
Please search for the following phrases to locate them in the manuscript: 
- ‘…were predominantly best fit by…’ should be ‘..best fitted by…’ 
 
- ‘Since diffusion scales with the size…’ should rather be ‘Since recovery via diffusion scales…’ to 
be correct. 
 
-‘…we reduced the photobleached region to verify…’ should read ‘..reduced the photobleached 
region is size…’ to be precise. 
 
- ‘…lgl dynamics as both t1/2fast and t1/2slow depend on the size of…’ should be ‘…vary with the 
size of the photobleached region…’ 
 
- I don’t quite understand this, please explain better:  
‘(49% were best-fit by one exponential or produced open-ended 95%-confidence intervals for half-
times or plateau after biexponential fitting, n=43).’ 
 
- the following title ‘Lgl dynamics in the lateral domain are isolated of aPKC…’ should read ‘Lgl 
dynamics in the lateral domain are independent of aPKC…’ 
 
- ‘Dlg does not interfere directly with the plasma membrane binding sites,..’ should be ‘Loss of Dlg 
does not…’ 
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Reviewer 3 
 
Advance summary and potential significance to field 
 
Apical-basal polarity is a fundamental property of animal epithelial cells, and its establishment and 
maintenance are critical for normal tissue architecture. The authors focus on three key players in 
this, the basolateral proteins Scrib, Dlg and Lgl. All play roles in restricting basolateral expansion of 
junctional and apical proteins but defining their relationships and mechanisms of action remain 
important questions in the field. Here Ventura present an important advance in this regard. They 
use the well characterized Drosophila follicle cell epithelium as a model, and apply very 
sophisticated genetic and imaging approaches. They explore mechanisms that regulate the 
localization of Lgl, exploring and largely disproving the reigning idea in the field—that it is part of a 
complex with Dlg and Scrib and they regulate its localization directly. Instead they reveal an 
indirect role in which Scribble and Dlg restrict localization of aPKC which in turn regulates Lgl 
localization. Their images are lovely and their conclusions are well supported. The manuscript is 
also impressively straight-forward and to the point—generally this is good but occasionally this goes 
a bit too far, and thus that a bit of expansion of the descriptions given might make it more 
accessible to the average reader—I outline some examples below. I think this will be of very broad 
interest to the field of cell and developmental biology and recommend publication after some 
minor editorial changes.  
 
Comments for the author 
 
Introduction. The authors might include a somewhat more detailed description of what is known 
about the roles of Scribble, Dlg and Lgl in different tissues in Drosophila, and describe places where 
their phenotypes were identical and where they differ. This would provide more context.  
 
FRAP recovery. The authors might explain the detailed FRAP data and fitting to a “biexponential” a 
bit more slowly for an audience not deeply knowledgeable of the assays 
 
I was puzzled by the wording of this section heading: “Lgl dynamics in the lateral domain are 
isolated of aPKC and restrained by PIP2”. What did they mean by “isolated of”. They also could add 
some speculation/interpretation of the discrepancy between the effect on Lgl-dynamics of the 
aPKC-CA mutant and the Lgl-5A mutant—this only becomes clear later.  
 
Figure 2A needs a wildtype Lgl-GFP as a control for comparison 
 
The authors should reference the Lgl-5A mutant when first used—I thought they had created it but 
it became clear later this was an existing, well-characterized mutant  
 
Fig 2F needs single channel images for Lgl-GFP and it would be helpful to indicate on the Figure 
that the inset is Phalloidin.  
 
The results with depletion of PIP2 are also complex and could be explained more thoroughly, as 
depletion does not appear to reduce membrane levels of Lgl-GFP though it does affect turnover.  
 
Fig 4F. Please add single channel images of Lgl-mCherry.  
 
 

 
 
First revision 
 
Author response to reviewers' comments 
 
We thank the reviewers for their positive evaluation and for all constructive comments that 
allowed us to improve our manuscript. We have included new data and controls to address the 
concerns of reviewer 1 regarding the FRAP experiments. These experiments have taken longer 
than expected due to closure of the lab due to COVID-19. The manuscript has also been revised 
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to fit the report format, while bringing additional context to our findings as suggested by 
reviewer 2 and 3. Please see the detailed response below. 
 
REVIEWER 1 
The mechanism by which basolateral membranes are specified remains poorly understood. While a 
conserved set of proteins, Scribbled, Discs-Large, and LGL operate in a range of contexts and are 
often referred to as the SCRIB/DLG/LGL complex due the similarity of phenotype, how these 
proteins work together to define apicobasal polarity and enforce exclusion of apical proteins from 
basolateral membranes remains unclear.  
This manuscript explores the functional relationship between these proteins in establishing polarity 
using the Drosophila follicular epithelium as a model. They present evidence using a combination of 
genetic epistasis and in vivo interaction analysis to suggest that LGL does not physically interact 
with SCRIB/DLG and that SCRIB/DLG are only required for LGL membrane association when aPKC is 
present. Previous work (Dong et al, 2015), consistent with data here, has already shown that PIP2 
depletion causes displacement of LGL from membranes independently of aPKC, and the data here 
demonstrate that this membrane binding by LGL is independent of SCRIB/DLG. They therefore 
propose a model in which (1) LGL binds to membranes directly, (2) LGL can be displaced by aPKC 
through phosphorylation, but that (3) displacement of LGL is suppressed in the presence of 
SCRIB/DLG in basolateral membranes. This analysis is well done and the results support their 
general conclusion that SCRIB/DLG are unlikely to be physical anchors for LGL, but rather are 
important to exclude aPKC which otherwise would displace LGL. The mechanism by which 
SCRIB/DLG accomplish this feat is unclear and is not explored further. 
A substantial part of their work is devoted to the use of FRAP to analyse changes in membrane 
dynamics of these proteins on basolateral membranes in support of the the afore-mentioned 
experiments. They observe that LGL is dynamically associated with basolateral membranes and 
further observe that LGL recovery halftimes decrease upon loss of SCRIB/DLG, upon over expression 
of aPKC, and upon disruption of membrane lipids, which they argue supports their model in which 
SCRIB/DLG stabilise LGL against the action of aPKC. However, I have several major concerns 
regarding this data in its current form, which I detail below. These caveats limit the mechanistic 
conclusions that can be drawn, particularly with respect to the nature of turnover (e.g. diffusion vs 
changing membrane association), and thus they do not add much to the overall story.  
 
Overall, I find the genetic and interaction analysis relatively solid and provide interesting insight 
into the action of SCRIB/DLG vis-a-vis LGL, which will be useful to the field. However, extensive 
caveats with the FRAP analysis and a lack of more substantial new mechanistic insight into the 
action of SCRIB/DLG prevent me from recommending publication @Development in its current form.  
 
 
Reviewer 1 Comments  
 
Major concerns: 
 
1. The FRAP experiments need much more careful validation, interpretation. 
 
One issue that may significantly affect the validity of the conclusions in this work is the 
contribution of cytoplasmic fluorescence. The proposed experiments will necessary bleach a 
substantial fraction of cytoplasmic molecules near the target membrane. Consequently, in the first 
post bleach frame, there will be a local bleached region of both membrane and the surrounding 
cytoplasm. The cytoplasmic recovery will tend to be rapid and diffusive, and hence sensitive to 
bleach area. This cytoplasmic recovery may also limit recovery in the membrane regions. It would 
be good to know how fast this is and whether this might impact the observed recovery rates.   
 
We thank the reviewer for raising the importance of a possible contribution of the cytoplasmic 
fluorescence to the recovery. Even if the 3D geometry of the egg chamber places the bleach 
laser parallel to the membrane, which diminishes the amount of bleached cytoplasm, we 
acknowledge that there is some surrounding cytoplasm that could be bleached. We have thus 
performed a number of controls and measured the fluorescence recovery in the cytoplasm to 
determine what would be the impact of cytoplasmic diffusion in our conclusions. 
1) We measured the ratio of cytoplasm/cortex fluorescence in endogenous conditions. We 
performed these measurements using images of egg chambers expressing His2A-RFP to mark 
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the nuclei, ensuring the accurate measurement of the cytoplasmic signal, and we used a 
thinner ROI (0,6 &amp;#61549;m) to measure the cortex. Our data shows that there is a very 
low amount (often undetectable) of cytoplasmic Lgl in comparison to the cortex (Fig. S1C). 
Thus, a component of cytoplasmic diffusion is not expected to have a significant impact in the 
observed recovery rates analyzed for endogenous Lgl (Fig. 1). 
2) Accordingly, cytoplasmic bleaching is not limiting the recovery of neighboring membrane 
regions. We followed reviewer 1’s suggestion and bleached a region of cytoplasm, then 
analyzed the effect over different cortical regions (Fig. R1A). We did not find a difference in 
recovery as function of distance. These results further support that the local reduction of 
cortical fluorescence is due to the concomitant diffusion along the cortex of bleached and 
fluorescent molecules in and out of the bleached region. 
3) We aimed to determine the rate of recovery in the cytoplasm. The low concentration of Lgl-
GFP in the cytoplasm precludes performing FRAP experiments to determine the recovery rate 
in the cytoplasm. We therefore used a mutant version of Lgl (lgl&amp;#916;PB::GFP), which 
was previously produced to show that Lgl is largely cytoplasmic if its polybasic domain is 
removed (Dong et al., 2015). This experiment estimates that recovery in the cytoplasm is about 
3 times faster than in the cortex (Fig. R1B).  
 
If PKCdeltaN overexpression displaces LGL to the cytoplasm, then the FRAP result in this condition 
(t1/2 ~ 2 s) could largely be due to the dominance of cytoplasmic recovery. Moreover, this 
timescale is rather uncomfortably close to the fast component (t1/2 ~ 2-4 s) observed in other 
experiments, suggesting these rapid recovery timescales are due to the confounding effects of 
cytoplasmic recovery. 
 If this fast timescale is due to recovery of a distinct pool (e.g. cytoplasm), then 1-component fits 
will represent some average behaviour of the two processes and hence anything that affects the 
relative abundance of cytoplasm and membrane-associated molecules will necessarily give rise to 
an apparent change in dynamics, even if the timescales of the two processes remain the same. 
Given that the conditions that lead to ‘faster’ dynamics are all associated with increased 
cytoplasmic populations it is important to rule this out - otherwise, FRAP is primarily measuring the 
relative ratio of molecules in the two states rather than any change in the dynamics of each state. 
 
Following this comment, we quantified the cytoplasmic/cortex ratio in the datasets used in the 
FRAP analysis (using the same cortical ROI defined for photobleaching) of both control and the 
conditions that produce faster fluorescence recovery, and which could have associated 
cytoplasmic accumulation (Fig S4A,S4B). The results show that despite the removal of PIP2 and 
Dlg from the cortex, overexpressed Lgl ensured normal cortical levels for FRAP analysis (see 
further comments below). Thus, our FRAP experiments are not measuring the relative ratio of 
molecules in cytoplasm/cortex and is detecting specific changes in cortical dynamics. 
In contrast to dlg mutants or membrane recruitment of OCRL, aPKCdeltaN induces strong 
cytoplasmic accumulation of Lgl (Fig. S4A, S4B). To test if in this case the rapid timescale of 
recovery was driven by a dominant cytoplasmic recovery, we re-quantified our FRAP data using 
a ROI with smaller width (33% of the original one) to measure specifically the mean cortical 
intensity by avoiding the surrounding cytoplasm. Our data shows that the timescale of recovery 
is identical between the two methods of quantification (Fig. S4C), suggesting that the fast 
dynamics cannot be attributed to measurements of the surrounding cytoplasmic pool recovery.  
 
This effect could also influence the conclusions of Fig 1D - if diffusion in the cytoplasm is not very 
rapid, there will be a lag in the effects of local bleaching of the cytoplasmic pool on the cortical 
pools that is a function of distance, but this would not reflect membrane diffusion. Some controls 
could be very useful. For example, by bleaching a region of cytoplasm and then looking at the 
effects on cortical regions as a function of distance. Similarly, one could bleach a cytoplasmic 
volume and measure recovery, using a neighbouring cell as a control to get a sense of cytoplasmic 
recovery timescales.  
 
To guarantee that we validated the significance of membrane diffusion, we performed the 
suggested experiments as mentioned above, and which show that cytoplasmic diffusion does 
not influence our conclusions as: 1) There is a neglectable amount of Lgl in the cytoplasm in 
normal conditions (Fig. S1C).2) Bleaching the cytoplasm does not have an effect in the cortex 
as function of distance (Fig.R1A). 3) Cytoplasmic diffusion is fast (Fig. R1B). 
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Also, are there any proteins with known behaviors that could be analysed as controls for membrane 
diffusion, exchange, etc.? 
 
Previous studies provided evidence that membrane diffusion contributes for the dynamic 
behavior of PIP2 binding proteins (Goehring et al., 2010; Hammond et al., 2009). We have thus 
bleached PLC&amp;#61540;PH-GFP as a new control to validate the experimental approach to 
detect membrane diffusion of Lgl (Fig. S2B), which is the point highlighted in Figure 1. The 
study above also suggest that membrane-cytoplasm exchange contributes to the behavior of 
PIP2 binding proteins. However, we did not proceed with a detailed quantitative analysis for 
membrane-cytoplasm exchange in the context of Lgl, as this was beyond the scope of our 
manuscript. 
 
Importantly, the authors should be careful and more specifically define the use of the terms 
‘mobility’ and ’turnover’ - recovery is likely multifactorial and their FRAP data as currently 
presented do sufficiently assess whether molecules change mobility (i.e. change in apparent 
diffusion) or alter membrane binding kinetics under their various perturbations.  
 
The perturbations that increase Lgl dynamic behavior are predicted to change membrane 
binding kinetics by increasing dissociation (either due to the direct loss of PIP2-binding or due 
to an increase of aPKC activity (dlg mutants and aPKCdeltaN)), and could also disrupt 
interactions that slow membrane diffusion (PIP2-binding). As we did not quantitatively 
determine the specific contribution of membrane diffusion vs binding kinetics in the distinct 
perturbations, we removed the term turnover to prevent the interpretation that turnover vs 
mobility were being used to specify distinct aspects of Lgl dynamic behaviour. Moreover, we 
revised our manuscript to clarify that the word mobility is used to describe the global dynamic 
behavior of the protein that includes two components: membrane diffusion and membrane-
cytoplasm exchange. “These results emphasize the contribution of membrane diffusion for Lgl 
mobility, but do not exclude the significance of membrane-cytoplasm exchange. In fact, both 
types of mobility contribute for the dynamic behavior of proteins that bind PIP2 (Goehring et 
al., 2010; Hammond et al., 2009).”  
 
Overall, it is not clear to me that the FRAP data as presented add much to the story. 
 
Following the reviewer suggestions, we provided the necessary controls to ensure that we used 
experimental conditions that can comparatively evaluate the dynamic behavior of Lgl 
specifically in the cortex after genetic/drug/optogenetic manipulation. We consider that this is 
particular significant to the story as it provides an unparalleled level of depth to validate that 
membrane binding of Lgl is independent of Dlg and Scrib and the specific contribution of 
multiple binding partners on Lgl cortical dynamics.  
 
2.  
LatA / PIP2. I think it is difficult to draw conclusions regarding the effects of LatA treatment and 
PIP2 depletion as these may induce pleiotropic effects on membrane dynamics independent of any 
specific effect on LGL.  
 
We agree on the importance to consider possible pleiotropic effects. Regarding F-actin 
depolymerization, we had previously discarded indirect effects on apical-basal organization 
(Figure S3 shows that other basolateral determinants maintain their polarized distribution 2 
hours upon F-actin disruption), and we have now performed experiments with PH-GFP to 
monitor possible effects on membrane dynamics. Our data shows that PH-GFP fluorescence 
recovery is not affected by actin depolymerization (Figure S2C), suggesting that F-actin 
disruption does not generally interfere with dynamic membrane behaviour. 
 
Regarding possible pleotropic effects of PIP2, we reference work showing that mutants for 
PI4KIII&amp;#945; and Phosphatidylinositol synthase (Pis), which both result in long-term 
disruption of plasma membrane PIP2, do not produce primary effects in polarized distribution 
of apical and basolateral markers (Fig. S3A,S3B of Khoury and Bilder, 2020 or Figure S5, 
Devergne et al., 2014). We also revised the text to clarify that we used an experimental setting 
that aims at circumventing pleiotropic defects, resorting to optogenetic manipulation to 
evaluate Lgl dynamics prior to tissue disorganization.  
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Moreover, because of the increased cytoplasmic pool of LGL in PIP2 depletion conditions, the FRAP 
should be interpreted in light of caveats in point 1, making it hard to conclude that PIP2 restrains 
mobility of LGL.  
 
As referred in the reply above and quantified in Figure S4, we could not detect any significant 
differences in the cytoplasm/cortex ratio in the dataset used for FRAP analysis. Moreover, we 
validated our results by determining the half-time of fluorescence recovery after cytoplasmic 
equilibration (FigR1C), to ensure that recovery curves primarily reproduce the dynamic 
behaviour of the cortex.  
 
Moreover, a key message is that LGL binds membrane directly via PIP2, a point somewhat undercut 
by the relatively good membrane localisation in these experiments (which may be specific to UAS-
LGL - see below). 
 
As we mentioned above, we agree with the reviewer that there is a good membrane 
localization in these experiments (Figure S4B). We would like to highlight that as binding of Lgl 
to PIP2 has been previously published, our manuscript does not want to reinforce the point 
that PIP2 promotes Lgl cortical localization, but to create a condition for accurate 
measurement of dynamic behaviour in the cortex. We discuss the significance of Lgl-GFP 
overexpression in the following point.  
 
3.In general, I worry about the use of the UAS-LGL as this ‘rescues’ membrane localisation and 
appears to show consistently slower recovery timescales than endogenous. This raises the potential 
issue that it doesn’t accurately reflect the true dynamics of LGL under various conditions and/or is 
biasing the system towards a membrane bound state.  
 
The reviewer has observed correctly that overexpressed Lgl-GFP shows a slower fluorescence 
recovery, which could result of increased binding to other cortical or plasma membrane 
partners. We agree that overexpression of Lgl-GFP bias the system towards a membrane bound 
state in dlg mutants and PiP2 depletion. However, we argue that this trick was essential to 
ensure normal cortical Lgl to measure cortical dynamics by FRAP in genetic modifications that 
would otherwise display very low amounts of endogenous Lgl at the membrane (dlg mutants 
(Fig. S5B), scrib mutants (Fig. S5F) or PIP2 depletion). Furthermore, we should point out that 
these experiments were always compared/performed with adequate controls and, perhaps 
more importantly, that we ensured that all major conclusions drawn from overexpressed Lgl 
data still reflected the true effect of the various conditions on Lgl dynamics by complementing 
them with data obtained from endogenously expressed Lgl versions (Figure 2G, Figure 3K). 
 
We provide possible explanations for the increased membrane localization of overexpressed Lgl 
in dlg mutants “UAS-driven Lgl-GFP enabled us to precisely monitor Lgl cortical dynamics by 
restoring Lgl cortical localization in dlg mutants (Fig. S4A, S4B, S5E). This is consistent with Lgl 
inhibition of aPKC activity and titration of aPKC activity by overexpression of its substrates 
(Holly and Prehoda, 2019)”. 
 
It also begs the question of how LGL is binding under these conditions given that PIP2 is rapidly lost. 
 
Although Lgl preferentially binds PIP2, it can also bind other plasma membrane 
phosphoinositides, including PI4P (Bailey and Prehoda, 2015; Dong et al., 2015; Visco et al., 
2016) which is synthesized by OCRL after the phosphatase is recruited to the plasma 
membrane. Accordingly, Dong et al have shown that co-depletion of PI4P is required for 
complete removal of Lgl from the plasma membrane. In the revised manuscript, we refer to 
this previous observation. “PI(4)P may be therefore sufficient to maintain overexpressed Lgl at 
the plasma membrane as previous work shows that co-depletion of PI(4)P with PI(4,5)P2 is 
required for complete membrane removal (Dong et al., 2015).” Our FRAP analysis are 
therefore significant to uncover the role of PIP2 to control Lgl dynamic behavior in the lateral 
membrane. 
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Other points: 
 
4. Discussion - There is speculation in the discussion that I am not convinced is warranted. 
- “This [their data] suggests the presence of a physical or biochemical barrier…” I am not sure 
where this comes from. No citations and I do not see how the data support this mechanism of aPKC 
exclusion.  
 
We agree with the reviewer and removed this sentence.  
 
5. I note that a manuscript, currently on BioRxiv (Khoury 2020), reports similar data. I mainly bring 
this up as it supports the conclusions here and suggest it could be brought up within the Discussion 
without detracting from this work. However, I would also note that the FRAP experiments in this 
other work suffer from several of the same caveats present here. 
 
Khoury and Bilder has just been published online in PNAS. This manuscript is now cited in the 
discussion of the revised version of our manuscript. 
This manuscript includes 2 experiments related to our FRAP analysis: 
- Figure 2A in Khoury 2020 reproduces our finding that Lgl is more mobile than Scrib and Lgl.  
- Figures 5A,5B in Khoury 2020 use FRAP to measure the dynamics of endogenously expressed 
Lgl-GFP in Dlg RNAi and scrib mutants, where Lgl shows mostly cytoplasmic accumulation. We 
do not want to discuss possible caveats of other work, but we must point that we have rather 
performed FRAP in conditions that ensured cortical Lgl in mutant background (using LglS5A-
GFP; UAS-LglGFP; UAS-Lgl3A-GFP, Figures 3I-3K of Ventura et al.). 
 
6. In the last paragraph of the discussion, there appear to be words missing in the following 
sentence: “which could participate of apical proteins”. 
 
We thank the reviewer for pointing out this mistake. 
 
 
Technical points: 
 
7. 405 nm bleaching laser can sometimes induce cell damage and is probably not the best choice 
for photobleaching. Have the authors looks for any evidence of 405 damage to cells such as changes 
in cytoskeletal dynamics / localisation. 
 
We use a single pulse with the 405 nm laser, and have never seen evidence of cell damage. To 
further address this point, we photobleached follicle cells while imaging the actin cytoskeleton 
with LifeAct-GFP. We did not detect any broad change in cytoskeleton organization after 
photobleaching (n = 8). To monitor local damage to the actomyosin cytoskeleton, we 
photobleached LifeAct-GFP at tricellular junctions, where actin accumulates in follicle cells. As 
shown in Figure R2, even 5 pulses with the 405 nm in the same conditions of the FRAP protocol 
used in the manuscript enable for a quick recovery of fluorescence, suggesting no damage of 
the cytoskeleton. 
 
REVIEWER 2 
In this study, the authors set out to test and determine the determinants of Lgl lateral localisation 
within epithelial cells, using the follicle cell of the Drosophila ovary as a model system. Lgl 
together with Dlg and Scrib antagonises the apical polarity determinants, in particular aPKC 
function, to establish epithelial polarity at the cortex. Using FRAP as well as a combination of 
genetic, pharmacological and ectopic in vivo clustering methods, the authors show that Lgl 
dynamics mostly depend on phospholipids, and Dlg is only required for Lgl dynamics when aPKC is 
present. Light-induced ectopic complexes of Dlg or Scrib do not co-trap Lgl, suggesting that they 
might also not form in the normal context. They conclude that Lgl works in parallel to Dlg-Scrib in 
the lateral domain to antagonise aPKC. 
 
Reviewer 2 Comments  
This is a nice paper with a clear central message, well supported by the experimental data. The 
authors make efficient use of a number of novel tools, partly developed by other labs, partly 
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modified and co-opted to the fly system by them (i.e. pharmacological inhibition of an aPKC allele; 
light-induced PIP2 degradation; light-induced protein clustering in vivo etc.). 
 
I have no major concerns, just a few comments: 
*) The manuscript would benefit from careful proof-reading, there are numerous typos and 
grammatical errors dotted throughout, I list some below. 
*) The authors use the follicle epithelium as their model system. This is a rather particular 
epithelium in many ways, so I would appreciate if the authors could put their findings more into 
context in the discussion with regards to whether they expect these to be universal findings they 
have uncovered, or in part specific to this epithelium? 
Are there any data (published or data the authors have) from other epithelia that would point 
either way? 
 
We had to further shorten the manuscript to fit the Report format of Development. We cannot 
extend the discussion further, but we have considered this comment to put our findings into a 
broader context by: 
1) including reference to Khoury and Bilder, which provides evidence consistent with our 
findings in the follicular but also embryonic epithelium (namely they use gain of function 
experiments to show that Lgl can antagonize aPKC in Dlg RNAi, scrib mutants – Figure S9). 
2) adding a concluding sentence to mention recent findings showing that the mammalian Scrib 
orthologues have roles on epithelial polarity that are independent of Lgl (Choi et al., 2019). 
“Although further work is necessary to characterize how Dlg-Scrib block apical determination, 
the separation of function between Scrib-Dlg and Lgl may be conserved as mammalian Scrib 
orthologues also have Lgl independent roles in epithelial polarity (Choi et al., 2019). “ 
 
We also note that to accommodate the shortening of the manuscript, we removed the following 
sentence from the discussion. “Since Dlg is itself an aPKC substrate (Golub et al., 2017), Dlg 
could buffer aPKC towards other substrates. “ as we do not have specific experimental 
evidence to support this hypothesis.  
 
*) comments on Figures: 
- Fig.2H would benefit from being displayed bigger  
 
Thank you for this suggestion. To display a larger version of this panel (panel 2C in the revised 
version), we removed previous graph J, which was redundant with graph I. We also improved 
the scheme showing the method for optogenetic depletion of PIP2. 
  
- Figure 3: individual channels for E and F would help, and panel G is confusing the way it is 
labelled… 
 
We shortened panels E and F to include the separate channel of Lgl-GFP. We also relabelled 
panel G to facilitate comprehension of the different genotypes and how they were marked by 
genetically encoded nlsGFP/nlsRFP. 
  
- Fig. 4F: as in the other parts of this figure, it would be good to show the individual channels in 
black and white as well 
 
We included the separate channel for Lgl-mcherry to be consistent with the rest of the figure. 
 
Typos and grammatical errors: 
 Firstly: page numbers would be useful to be able to point these out precisely! 
- introduction, second paragraph: ‘Lgl localizes basally..’ should rather be ‘basolaterally’ 
- last paragraph of Introduction: 
‘…, the later regulates Lgl turnover…’ should be ‘…the latter…’ 
Please search for the following phrases to locate them in the manuscript: 
- ‘…were predominantly best fit by…’ should be ‘..best fitted by…’ 
- ‘Since diffusion scales with the size…’ should rather be ‘Since recovery via diffusion scales…’ to 
be correct. 
-‘…we reduced the photobleached region to verify…’ should read ‘..reduced the photobleached 
region is size…’  



Development | Peer review history 

© 2020. Published by The Company of Biologists under the terms of the Creative Commons Attribution License 

(https://creativecommons.org/licenses/by/4.0/). 12 

to be precise. 
- ‘…lgl dynamics as both t1/2fast and t1/2slow depend on the size of…’ should be ‘…vary with the 
size of the  
photobleached region…’ 
- the following title ‘Lgl dynamics in the lateral domain are isolated of aPKC…’ should read ‘Lgl 
dynamics in  
the lateral domain are independent of aPKC…’ 
- ‘Dlg does not interfere directly with the plasma membrane binding sites,..’ should be ‘Loss of Dlg 
does not…’ 
 
We thank the reviewer for pointing out these mistakes, which we corrected.  
 
- I don’t quite understand this, please explain better:  
‘(49% were best-fit by one 
exponential or produced open-ended 95%-confidence intervals for half-times or plateau after 
biexponential fitting, n=43).’ 
 
We apologize for the lack of clarity as we failed to describe the percentage of curves that 
produced the distinct situation (one-exponential vs bi-exponential with large confidence 
interval for half-time/plateau). In the revised version, a related sentence is included in the 
methods. “We performed an extra sum-of-squares F test to assess the preferred model (bi-
exponential vs single-exponential) of each individual curve obtained for Lgl-GFP fluorescence 
recovery. Although biexponential fitting was predominantly the selected model for the 
individual Lgl-GFP fluorescence recovery curves (79%, n=43), the biexponential model 
produced open-ended 95%-confidence intervals for half-times or plateau for a large fraction of 
these curves (28%). Moreover, one-exponential was the preferred model for another fraction of 
the curves (21%).“ 
 
 
REVIEWER 3 
Apical-basal polarity is a fundamental property of animal epithelial cells, and its establishment and 
maintenance are critical for normal tissue architecture. The authors focus on three key players in 
this, the basolateral proteins Scrib, Dlg and Lgl. All play roles in restricting basolateral expansion of 
junctional and apical proteins but defining their relationships and mechanisms of action remain 
important questions in the field. Here Ventura present an important advance in this regard. They 
use the well characterized Drosophila follicle cell epithelium as a model, and apply very 
sophisticated genetic and imaging approaches. They explore mechanisms that regulate the 
localization of Lgl, exploring and largely disproving the reigning idea in the field—that it is part of a 
complex with Dlg and Scrib and they regulate its localization directly. Instead they reveal an 
indirect role in which Scribble and Dlg restrict localization of aPKC which in turn regulates Lgl 
localization. Their images are lovely and their conclusions are well supported. The manuscript is 
also impressively straight-forward and to the point—generally this is good but occasionally this goes 
a bit too far, and thus that a bit of expansion of the descriptions given might make it more 
accessible to the average reader—I outline some examples below. I think this will be of very broad 
interest to the field of cell and developmental biology and recommend publication after some 
minor editorial changes.  
 
Reviewer 3 Comments  
Introduction. The authors might include a somewhat more detailed description of what is known 
about the roles of Scribble, Dlg and Lgl in different tissues in Drosophila, and describe places where 
their phenotypes were identical and where they differ. This would provide more context.  
 
We cannot provide a very detailed description of all known roles of Scribble, Dlg and Lgl in 
different tissues in Drosophila due to space restrictions of the Report format. To provide more 
context in the Introduction, we cite recent studies on different Drosophila tissues that are in 
line with the possibility that the roles of Scrib, Dlg could differ from those of Lgl. “Dlg and Scrib 
are also likely to play roles independently of Lgl. Recent studies uncovered specific phenotypes 
for dlg and scrib mutants on adherens junction and tricellular junction formation in Drosophila 
embryonic and wing disk epithelia, respectively (Bonello et al., 2019; Sharifkhodaei et al., 
2019). Furthermore, whereas Scrib and Dlg cooperate to orient the mitotic spindle (Bergstralh 
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et al., 2013; Nakajima et al., 2013; Nakajima et al., 2019), Lgl release from the cortex 
promotes planar spindle orientation (Bell et al., 2015; Carvalho et al., 2015).”  

FRAP recovery. The authors might explain the detailed FRAP data and fitting to a “biexponential” a 
bit more slowly for an audience not deeply knowledgeable of the assays 

We have revised the text aiming at clarification of exact significance of the FRAP data of Figure 
1E. We also provide more detailed info on the comparison between biexponential vs one-
exponential equations. We now include all the specialized details in the methods as we felt 
that it somewhat broke the flow of the manuscript. 

I was puzzled by the wording of this section heading: “Lgl dynamics in the lateral domain are 
isolated of aPKC and restrained by PIP2”. What did they mean by “isolated of”. They also could add 
some speculation/interpretation of the discrepancy between the effect on Lgl-dynamics of the 
aPKC-CA mutant and the Lgl-5A mutant—this only becomes clear later.  

We thank this comment as it prompted us to revise this section to clarify the significance of this 
section. Following this and reviewer 2 comments we changed the title to “Lgl dynamics in the 
lateral domain are restrained by PIP2 and independent of aPKC ” . We clarify that we used the 
aPKC-CA mutant as a strategy to extend aPKC activity ectopically all over the cortex to show 
that this would accelerate the dynamic behaviour of Lgl. In contrast, by measuring LglS5A 
mobility (or RNAi), we show aPKC activity is normally efficiently restricted to the apical side 
and thus does not impact Lgl dynamics in the lateral cortex. In the revised version we clarified 
the importance of aPKC-CA as a way to evaluate the impact of ectopic activation, and 
reinforced the importance of these results to conclude that “aPKC activity is efficiently limited 
to the apical domain of follicle cells“. We also note that we changed this set of experiments to 
the end of the section to simplify the transition to the analysis of Dlg and Scrib loss of function. 

Figure 2A needs a wildtype Lgl-GFP as a control for comparison 

We have included the wild-type Lgl-GFP control (now Figure 2E). 

The authors should reference the Lgl-5A mutant when first used—I thought they had created it but 
it became clear later this was an existing, well-characterized mutant  

We included the reference to Dong et al., when we first use this mutant knock-in line. 

Fig 2F needs single channel images for Lgl-GFP and it would be helpful to indicate on the Figure 
that the inset is Phalloidin.  

We included insets for both Lgl-GFP and Phalloidin (now Figure 2A) to address this comment. 

The results with depletion of PIP2 are also complex and could be explained more thoroughly, as 
depletion does not appear to reduce membrane levels of Lgl-GFP though it does affect turnover. 

Following this request and a related comment of reviewer 1, we have now quantified the 
cytoplasmic/cortex ratio upon optogenetic depletion of PIP2 (Figure S4). Moreover, we have revised 
the text to include a possible interpretation for the maintenance of high Lgl levels at the cortex. 
“This approach triggers efficient removal of PIP2 sensor PH-ChFP from the plasma membrane, while 
maintaining cortically localized UAS-driven Lgl-GFP for FRAP analysis (Figs 2C, S4). PI(4)P may be 
sufficient to maintain overexpressed Lgl at the plasma membrane as previous work shows that co-
depletion of PI(4)P with PI(4,5)P2 is required for complete membrane removal (Dong et al., 2015).” 
It is worth noting that by generating an experimental setting that maintains membrane levels with 
Lgl-GFP, we could uncover the impact of PIP2 specifically in the cortical mobility of Lgl.  

Fig 4F. Please add single channel images of Lgl-mCherry. 

We have included those. 
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Second decision letter 
 
MS ID#: DEVELOP/2019/186593 
 
MS TITLE: Lgl cortical dynamics are independent of binding to the Scrib-Dlg complex but require 
Dlg-dependent restriction of aPKC 
 
AUTHORS: Guilherme Ventura, Sofia Moreira, Andre Barros-Carvalho, Mariana Osswald, and Eurico 
Morais-de-Sa 
ARTICLE TYPE: Research Report 
 
I am happy to tell you that your manuscript has been accepted for publication in Development, 
pending our standard ethics checks.  
 
 
Reviewer 1 
 
Advance summary and potential significance to field 
 
As in the prior version, the manuscript presents very interesting results on the nature of LGL 
dependence on Scrib/Dlg that will be of broad interest to the community and I remain positive 
about the core findings. 
 
Comments for the author 
 
The authors have made a good effort to address my concerns and adjusted their discussion to 
acknowledge potential caveats. I remain slightly concerned that some of the conclusions drawn 
from their FRAP data are over-interpreted, particularly with respect to claims of lateral diffusion. 
However, given the technical challenges involved in resolving the precise mobility of LGL and that 
this particular data is not critical to their core message, I don't see a need for any further revision. 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
In this study, the authors set out to test and determine the determinants of Lgl lateral localisation 
within epithelial cells, using the follicle cell of the Drosophila ovary as a model system. Lgl 
together with Dlg and Scrib antagonises the apical polarity determinants, in particular aPKC 
function, to establish epithelial polarity at the cortex. 
Using FRAP as well as a combination of genetic, pharmacological and ectopic in vivo clustering 
methods, the authors show that Lgl dynamics mostly depend on phospholipids, and Dlg is only 
required for Lgl dynamics when aPKC is present. Light-induced ectopic complexes of Dlg or Scrib do 
not co-trap Lgl, suggesting that they might also not form in the normal context. They conclude that 
Lgl works in parallel to Dlg-Scrib in the lateral domain to antagonise aPKC. 
 
Comments for the author 
 
The authors have done extensive additional work to address the comments of the reviewers, in 
particular they have added and elaborated on their FRAP data to demonstrate that the effects 
observed are not erroneously due to cytoplasmic recovery, but instead do correctly report on 
changes in membrane recovery. 
I am impressed by the amount of work that the authors accomplished despite the complex current 
pandemic situation and associated lab closures all over the world. In my view they have added all 
required data to make this a very nice and interesting study that will be of high interest to many 
cell and developmental biologists. 
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Reviewer 3 
 
Advance summary and potential significance to field 
 
In my initial review I noted that apical-basal polarity is a fundamental property of animal epithelial 
cells, and its establishment and maintenance are critical for normal tissue architecture. The 
authors focus on three key players in this, the basolateral proteins Scrib, Dlg and Lgl. All play roles 
in restricting basolateral expansion of junctional and apical proteins but defining their relationships 
and mechanisms of action remain important questions in the field. The authors provide substantial 
new insights into these issues. Their images are lovely and their conclusions are very well 
supported. They have addressed all of my concerns. I would also note that I think they have also 
effectively addressed the concerns of the other reviewers. This work is a very important advance in 
the field. It will be of very broad interest to the field of cell and developmental biology and I 
strongly recommend publication of the current revision. 
 
Comments for the author 
 
Great work! 
 
 
 

 


