Dear Dr Krishnan,

Here, we resubmit our revisioned manuscript entitled “Studying membrane protein trafficking in Drosophila photoreceptor cells using eGFP-tagged proteins”. We are grateful for the reviewers’ constructive comments and have improved the manuscript accordingly. As both reviewers recommended a more elaborate explanation of the deep pseudopupil (DPP), we changed the respective sections and added two new figures. The new Figure 1 is a part of the expanded Introduction and offers a visual overview of the three microscopic methods described in our protocol. Figure 4 is an addition to the section on the DPP specifically and illustrates the steps of finding the correct settings to image the DPP and the fluorescent DPP. Regarding your and the reviewers’ other concerns, we provide a point-by-point response delineating our changes below. We certainly hope that our manuscript is now ready for publication in JoVE.

Response to editor’s comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

We proofread the manuscript and changed grammar that was suggested by Reviewer #1 and sections we felt were not that well worded ourselves. But without further examples of bad grammar, we don’t see how we could change anything else for the better.

2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

We changed the Protocol to refrain from using personal pronouns. The Representative Results remained as they were, since we feel it unnatural to talk about our results in a completely passive language in this context.

3. Please define all abbreviations before use (TPRL, etc.)

	The abbreviations were defined with the first use (except for the Abstract).

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials.

For example: Osram, Leica, Nikon, Zeiss AxioImager, Achroplan, ZEN 2, Zeiss, etc.

	We removed all mentions of commercial products from the text.

5. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes.

We removed the bullet points and changed our numbering system to one not ending in a period like advised. Other than that we already used the numbering system you describe here, since we did follow the Instructions for Authors.

6. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.

We are not sure which part of the Protocol exactly this addresses. All our action steps are worded in the imperative tense and never did we use “could/should/would be” in the steps. The only use of these phrases is sparingly limited to the NOTEs. Please provide specific lines in the manuscript that you feel have the wrong wording. We also generally reduced the number of NOTEs throughout the Protocol.

7. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion.

	The NOTEs that touched on topics of the Discussion were moved to the Discussion.

8. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step and a maximum of 4 sentences per step.

Again, we are not sure which section of the Protocol you are addressing here. There are no large paragraphs between steps and none of our steps include more than 4 sentences. Please mention the specific steps that need changing and we will see them changed.

9. For compound units, use middle dot (“·”) to represent multiplication between units.

	We added the middle dot for our compound units.

10. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

We have changed several steps of our Protocol to include more information. Generally, we feel that the question of “how” is addressed adequately in each of our Steps. We work with a Zeiss microscope and the corresponding ZEN2 software, but don’t see how to explain to the reader the use of our specific software without mentioning this fact. The precise procedure of image acquisition depends highly on the specific microscope setup of the user. By describing the Steps with more general terms and not individual button clicks, we try to include readers that work with different setups from ours. On the other hand, with regard to the quantification method of translocation and degeneration, we describe the individual Steps with much more detail and also click-by-click, since it uses the non-commercial and universally accessible software package ImageJ.

11. Line 120-127/184-194: Please consider removing these lines. However, ensure that all the details are listed in the Table of Materials.

The summaries of materials were removed and the removed information added to the Table of Materials.

12. Line 131: Appropriately aged? Please specify the age group selected for this study.

The age is now specified clearly in the Protocol.

13. Line 152: Please specify the settings used.

We added more information in the Protocol and noted the specific settings of our setup to the exemplary micrographs in the new Figure 4.

14. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”

The new Figure 1 has been modified from our own publication (Smylla et al., 2021, International Journal of Molecular Sciences) which was published as open access and does not require a special permission to reuse Figures (https://www.mdpi.com/openaccess). The new additions to Figure 12 are taken and modified from another of our own publications (Wagner et al., 2021, Traffic). We obtained a written statement that confirms our copyright clearance for this reuse and uploaded it to our account. None of the other Figures has been published.

15. As we are a methods journal, please ensure that the Discussion explicitly covers the following in detail in 3-6 paragraphs with citations:

a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique

We have rewritten the Discussion due to several changes that were suggested in point 7 and by Reviewer #1 (i.e. paragraphs from the Discussion were moved to the Introduction, paragraphs and NOTEs from the Protocol were moved to the Discussion). We included all sections of Troubleshooting from the different Protocols and added a whole paragraph on future applications as this was also recommended by Reviewer #1.

16. Title case and italicize journal titles and book titles in the references. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.

This was changed accordingly.

17. Figures: Please include scale bars in all the images (microscopy) of the panel.

We added scale bars to all micrographs.

18. Figure 10/11: Please revise “16 hours” to “16 h” and “24 hours” to “24 h”.

This was changed accordingly.

19. Please revise the Table of Materials to include all the supplies (chemicals, reagents, equipment, consumables, software, etc.) used in this study. Please sort the table in alphabetical order.

	The Table of Materials was revised according to the other changes to the manuscript.

Response to reviewer #1’s comments:

Manuscript Summary:

The manuscript describes the use of Drosophila photoreceptors to study the process of membrane protein trafficking, using eGFP-tagged TRPL ion channel as an example (which itself translocates from the membrane to the cell body in response to illumination). This protocol could easily be adapted to study the trafficking of other membrane proteins in the photoreceptors as well as for the purposes of screens to identify novel regulators of this process.

Major Concerns:

1) I suggest providing more explanation (and an explanatory schematic) at the end of the Introduction to explain the different techniques - particularly DPP and water immersion microscopy - as to the naïve reader these are rather complicated techniques to understand. It would also be useful to give examples when the different techniques might be applied or one chosen preferentially over another at this point in the manuscript. The outcomes of the different methods are not explained in the methods section and it is unclear to the reader whether they should perform both. A fuller explanation is given in the results and discussion sections, but it would be beneficial for this to come earlier in the manuscript.

We added two new figures: Figure 1 is part of the introduction and illustrates the different techniques we intend to describe in the Protocol and Figure 4 demonstrates in detail how to generate an optical cross section through the Drosophila eye to image the projection of the (fluorescent) deep pseudopupil (DPP). We also moved the paragraph about the advantages and disadvantages of these methods from the Discussion to the Introduction to immediately allow the reader to understand which of these methods would suit their situation within their project best.

2) line 101: do the authors suggest specific ages of flies to be used here?

The suggested age for DPP imaging is now specified in Step 1.1 of the Protocol. 

3) line 137: do you suggest the left or right eye (is there left-right asymmetry)?

There is no left-right asymmetry in the eyes which is why we didn’t feel the need to suggest one specific eye. We now specified this in the corresponding Steps 1.2, 2.1.3.2 and 2.1.4.3 of the Protocol.

4) Which genotype flies are used for DPP imaging - are these the GFP tagged TRPL flies as well?

The DPP can be visualized without fluorescence from the eye, but it is more clear with fluorescence. Since we describe the method in the context of fluorescence proteins, we added the information about a fluorescence protein expressing genotype in Step 1.1.

5) line 223: are there any suggestions how to prevent or remove air bubbles?

We added information about how to carefully remove air bubbles with a preparation needle in Step 2.1.3.3.

6) line 267: please provide more details for "evaluate the orientation of the eye".

The Protocol provides already a lot of information on proper orientation including Step 1.2 + NOTE, Step 2.2.4 as well as Figures 3 and 8 (previously Figures 2 and 6) which additionally show exemplary micrographs of well and badly oriented eyes with an explanation of what to look out for in the corresponding section of the Protocol.

7) Please provide more detailed instructions for which images (obtained either by DPP or water immersion method) should be analysed in the different quantification sections.

The quantification section (“2.3 Data analysis and quantification”) belongs to the second section of the Protocol (“2 Water immersion microscopy”). To make this clear, we changed the title of the quantification paragraph to “Data analysis and quantification of water immersion micrographs”.

8) line 344: please explain whether the researcher is calculating a mean measurement across all rhabdomere's (i.e. treating data from r1-6 as repeats) or keeping the different rhabdomeres (r1-6) separate? Also, when Fiji/ImageJ Analyse Measure is used, many different measurements are given; please provide more detailed instructions which values from the measurement table should be recorded in the spreadsheet.

We changed the corresponding Step to include the information that measurements from rhabdomeres (r1-r6) and respective cell bodies (c1-c6) are meant to be repeated measurements from which a mean is being calculated (see below).

“2.3.1.4	 To measure the fluorescence intensities, move the circle to the first rhabdomere (r1) and click Analyze | Measure or use the shortcut Ctrl | M. A result window listing the measured gray value will pop up. Continue with measurements of r2-r6 as repeated measurements and a measurement of the background signal (b). In case of non-pigmented flies make additional measurements of the corresponding cell body areas (c1-c6).”

To your second point. No, if you follow our Protocol, Fiji/ImageJ will not give you many different measurements. See Step 2.3.1.1:

“Adjust the settings by clicking Analyze | Set Measurements… and check only the box for Mean gray value.”

9) line 351: please provide more details on these suggested quantifications, it is too vague at present. Are there fluorescent intensity thresholds that should be set to aid these classifications?

In general, we agree. This quantification method is based on categorizing the morphology of rhabdomeres according to their fluorescence by eye. This is necessarily subjective to some extent. In this context, fluorescence intensity thresholds turned out to not be a good indicator, since there is too much variance within and between the rhabdomeres. This variance is averaged out over all six rhabdomeres (and in fact all three ommatidia that are measured in each eye) in the method for measuring translocation. However, due to the individual evaluation of each rhabdomere in the assessment of degeneration, the variance in fluorescence intensities cannot be averaged out. Furthermore, intensity is only one of the characteristics that need to be considered. Other important aspects are contrast and sharpness of edges. Limiting the evaluation to a measurement of fluorescence intensity would result in a less accurate assessment. Nevertheless, given enough experience, this protocol has proven a useful and reproducible method of quantification for degeneration and has been published in peer-reviewed journals multiple times (Cerny et al., 2015, PLoS Genetics; Wagner et al., 2021, Traffic). As with all subjective evaluations, it is always advisable to perform them in a blinded context. We also added this notion in the Discussion section. Protocols from other groups usually only use two categories to quantify retinal degeneration in Drosophila (presence or absence of rhabdomeres) which may be less subjective, but also less precise. Additionally, this way of quantification still has the issue of defining a cut off point between the two categories which may be equally hard to define objectively. 

10) line 3343 and 362: it is unclear why different numbers of flies are suggested when presumably the same flies were imaged?

We made the difference in numbers clearer by adding a NOTE to Step 2.3.2.3 that informs the reader about the less objective quantification method used for morphological assessment.
	
“NOTE: Since this quantification method is less objective than the method for quantifying translocation by fluorescence intensity, the recommended number of replicates is higher.”

11) The manuscript would benefit from a more expanded troubleshooting section with additional examples of when the imaging has been setup correctly or incorrectly. Should researchers be concerned about possible bleaching effects?

[bookmark: _GoBack]We moved the Troubleshooting section to the Discussion and expanded on it. The new Figure 4 now illustrates the entire process of finding the DPP from incorrect to optimal imaging. Figure 8 (previously Figure 6) demonstrates the issue of suboptimal orientation during water immersion microscopy. The only instance that we can think of in which bleaching effects are potentially problematic would be in the context of red-eyed flies in which the exposure time is precalculated and thus bleaching may result in signal loss. We never experienced any bleaching effects due to short exposure with blue light (1-2 minutes), but we still added a remark in the Troubleshooting section of the Discussion to caution the reader.

12) The discussion could be expanded to discuss possible ways to expand this protocol further. Could higher resolution imaging on a confocal microscope aid accuracy of the quantification? Could double colour imaging be performed simultaneously to analyse an additional membrane protein? How exactly is the clonal method for screening setup?

The Discussion has been expanded to include potential modifications like double colour imaging, for example, to simultaneously investigate protein translocation and rhabdomeral integrity or to use one fluorescence protein as marker for cell clones in the retinal tissue.

Minor Concerns:
1) Some modification of grammar/language is required e.g. lines 47 and 48.

	We agree. The sentence in lines 47/48 has been changed from:

“Membrane protein trafficking in neurons delivers and removes proteins to the plasma membrane, thereby controlling the plasma membrane equipment with receptors and ion channels and in consequence neuronal function.”

“By delivering and removing proteins to and from the plasma membrane, membrane protein trafficking in neurons controls the plasma membrane equipment with receptors as well as ion channels and, in consequence, regulates neuronal function.”

Other minor changes have been made throughout the Manuscript.

2) Some of the microscope images appear as low quality/resolution and could be improved.

The images we submitted have high resolutions and were prepared according to JoVE’s guidelines. The loss in quality is most likely due to some process involved in generating the automated PDF file which we have no control over. I assume the final figures will be handled differently so that image quality is preserved.

Response to reviewer #2’s comments:

Manuscript Summary:

This manuscript by Wagner et al describes protocols for analyzing membrane protein trafficking based on fluorescence imaging of Drosophila photoreceptors that express EGFP-tagged membrane proteins. Two protocols are described - a high-throughput method based on low resolution imaging of the deep pseudopupil (DPP) and high resolution, water immersion imaging of individual ommatidia. Methods for quantifying fluorescence images are also presented. With the exception of the Major Concern described below, the protocols are well described and make effective use of figures, and the methods should be readily accessible and easy to follow for most readers. The Introduction and Discussion also do an effective job of describing the utility and applications of the protocols.

Major Concerns:

I found it difficult from the text to understand what the DPP is and how exactly to image it. In the Introduction, the authors write beginning with line 83 "THe DPP is an optical phenomenon of compound eyes in which an overlay-image of rhabdomeres of adjacent ommatidia, that have the same optical axis, can be observed at a plane below the retina". I had a very difficult time conceptualizing the DPP based on this description. A figure illustrating the DPP would be very helpful. I found it similarly difficult to understand steps 1.4 and 1.5 in the protocol, in terms what exactly is being imaged and where. Again, a figure of a representative image of what the DPP should look like would be helpful.

We added two new figures: Figure 1 is part of the introduction and illustrates the different techniques we intend to describe in the Protocol and Figure 4 demonstrates in detail how to generate an optical cross section through the Drosophila eye to image the projection of the (fluorescent) deep pseudopupil (DPP). Together with Steps 1.4 and 1.5, this should allow a better understanding of what the DPP is and how to visualize it under the microscope.

Minor Concerns:

1. Arrows with labels in Figure 4 would be helpful to point out key components of the set-up such as the plasticine and ice.

We added the requested arrows and labels in Figure 6 (previously Figure 4) as well as some other helpful labels in other figures.

2. In step 2.3.2.2, it would be helpful to describe the percentage given to rhabdomere scores as a "degeneration index", since the Representative Results (line 418) and Figure 12 use this terminology.

	We agree and added the term “degeneration index” in Step 2.3.2.2 and its NOTE.

“2.3.2.2 Evaluate the 18 rhabdomeres of your selection individually according to their eGFP intensity, edge sharpness and contrast with respect to the surrounding background signal to generate a degeneration index. Score clearly visible rhabdomeres with a value of 2, weakly visible rhabdomeres with a value of 1 and absent rhabdomeres with a value of 0 (Fig. 10).

NOTE: This way of quantification results in a score of 36 for fully intact eyes and a score of 0 for fully degenerated eyes. We recommend to set the score of 36 to 100 % on the degeneration index.”

3. In Figure 7, it is unclear whether the circles in the images are meant to indicate features in the images, or the measurement regions for fluorescence intensity measurements.

We agree that this might be confusing. We changed the Figure Legends of Figures 9 and 10 (previously Figure 7 and 8) to include information that the white circles in these images simply mark the representative ommatidia that can be used for quantification, whereas the coloured circles represent the three different categories of rhabdomere integrity.

4. For Figure 10, the authors describe the Lola mutants as representative of a case where rhabdomere fluorescence does not change in light and dark adapted animals. However, the representative image lola images in Figure 10A appear to show significantly less rhabdomere fluorescence and more cell body fluorescence in light compared to dark adaptation; in fact, the lola mutant images do not look that much unlike the wild type images. The authors should either explain this or show better representative images.

We agree and went back to the raw data to clarify this issue. As it turns out, we were not careful enough with our selection here, since the lola mutant was not the best choice as Representative Result in general. The developmental defects of lola mutants negatively affect photoreceptor cell R7 (Zheng & Carthew, 2007, Mechanisms of Development). Since rhabdoms missing the R7 fold in on themselves and lose the central region, in which no TRPL::eGFP is being expressed and thus usually serves as our background measurement in these quantifications, we were not able to use the quantification method exactly as we present it in this Protocol and opted for a calculation variant that doesn’t rely on the background measurement in the case of lola. This is a rather rare case and we don’t think it helpful to include this other calculation as a third variation besides the two formulae we already present for white- and red-eyed flies. Rather, we decided to show the quantification for the lola mutant with the calculation method we present in this Protocol as an example for the limits of this formula. Accordingly, the quantification of the lola mutant in Figure 12 (previously Figure 10) now appears changed and difficult to interpret, since it was done with an invalid background measurement. Therefore, we also added the results for a vps35 mutant to this Figure which displays no such developmental defects and thus serves as a good example for the quantification method presented in this Protocol. Regarding your comment that the mutant appears to look not unlike the control, we feel that this is partly an issue of the low image quality in the automatically generated PDF file and may be connected to the issue Reviewer #1 mentioned in their second minor concern. In the high resolution version of the image you can clearly make out regions of low fluorescence in the shape and pattern of rhabdomeres in the light-adapted control but no such dark-spotted pattern in the lola mutant.

	
