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Dear Dr. Cao,
I am pleased to submit a revised version of our manuscript entitled “Assay for Blood-Brain Barrier Integrity in Drosophila melanogaster”. Thank you for giving us the opportunity to revise and resubmit our manuscript.  We have addressed the concerns of the reviewers, as described below. The comments of the reviewers have allowed us to strengthen our protocol for publication. 
Responses to each of the reviewers’ suggestions are listed below and highlighted in bold text. If you have any questions or concerns, please do not hesitate to contact me directly.

Yours Sincerely,
[image: ]
Dr. Jennifer Jemc Mierisch
jmierisch@luc.edu



Editorial comments:
Changes to be made by the author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
The manuscript has been proofread for spelling and grammar issues.

2. Please revise the Protocol text to avoid the use of personal pronouns (e.g., I, you, your, we, our) or colloquial phrases.
Personal pronouns and colloquial phrases have been removed from the manuscript.

3. 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. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: Electron Microscopy Services, kimwipe, Sutter, etc.
Commercial language has been limited to the Table of Materials.

4. Line 132: Please use a superscripted number for the reference (Miller et al., 2002).
This reference has been revised.

5. 2.1, 2.9, 3.1, etc.: Please use the active/imperative voice and complete sentences throughout the protocol.
Changes have been made throughout the protocol to ensure the use of the active/imperative voice.

6. Please remove the embedded table between lines 135 and 136 from the manuscript and upload it separately to your Editorial Manager account in the form of an .xls or .xlsx file. Reference the table in step 2.1. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text.
The table between lines 135 and 136 has been removed and uploaded as a separate .xls file. A title and description for each table is provided after the Representative Results section.

7. References: Please do not abbreviate journal titles; use full journal name.
References have been updated to include the full journal name.


Reviewers' comments:
Reviewer #1: 
The manuscript by Davis gives an easy to understand and detailed description of dye injection into embryos and larvae to assess BBB function and will be a useful resource. I only have a couple of questions and suggestions.

Figure 2: The authors could consider to have a drawing of the structures so that the location of the dye would be easier to see.
How about a picture showing dye exclusion at the larval ventral nerve cord?
Drawings of the nervous system are included in Figure 1. Additional labels have been added to Figure 2, as well as a picture of the larval ventral nerve cord.

There is no description of how the embryos are collected - laying cages? Or could insert a reference to a method description elsewhere.
A description of embryo collection has been added to the protocol (steps 1.1.1-1.1.3).

For the correct timing of embryos, it would be worth mentioning that it is helpful to have several rounds of embryo collection (that will be discarded) prior to the actual collection. Drosophila females will retain eggs when not under optimal conditions, so eggs laid under these conditions are already in later stages of embryogenesis.
This has been included in step 1.1.3 of the protocol and discussed in the Discussion (lines 613-615).

Have the authors tried to routinely immobilizing larvae on ice? Also, a frozen cooling element (the kind that is used in shipments of enzymes, for example) could be placed underneath the slide during the injection, or a plastic storage box filled with ice/frozen water.
We have used incubation on ice to immobilize larvae. However, we also included the reviewer's suggestion of a cooling element to keep larvae immobilized.

Can the dye be seen in larvae through the body wall? Could be an easier way to assess BBB, especially in a biology lab setting.
While the dye can be observed through the body wall, it would be difficult to determine if the dye has penetrated the larval nervous system using standard confocal microscopy through the larval body wall. 

Reviewer #2: 
Manuscript Summary:
Davis et al. provide a protocol to assay BBB integrity in late Drosophila embryos and L3 larvae. Such experiments have been widely used to study BBB integrity, but nevertheless publishing a comprehensive "ready-to-use" protocol might be helpful.
I suggest publication of the protocol after several minor, but never the less important, changes (as listed below).

Minor Concerns:
Summary:
The authors state that the protocol describes a method to study BBB formation in embryos and larvae. In embryos this is true, but in larvae analyzing BBB integrity is more about finding defects in BBB maintenance and growth than in BBB formation, since the BBB is tight from embryonic stages onward. If there is a problem with BBB formation the phenotype will already be seen in the embryo. So I would suggest rephrasing this sentence to include BBB maintenance.
The summary has been revised to address the reviewer's concern.


Abstract:
First sentence: The BBB is not the interface between the glial cells and the blood. The BBB is built by the cell layer, which in mammals is the endothelial cells and in insects the subperineurial glial cells. This cell layer builds the diffusion barrier between the nervous system and circulation, which in insects would be the hemolymph and in mammals the blood. Please rephrase this sentence since it is wrong or at least imprecise in two ways (insects: hemolymph and glia that build the diffusion barrier, mammals: blood and endothelial cells that build the diffusion barrier).
The abstract has been revised to address the reviewer's concern.


Introduction:
Line 50: please replace "while" with "and"
This change has been made.

Line 51: has been observed
This change has been made.

Line 57: I think a migration of immune cells over the BBB has never been described in Drosophila (also not in BBB-integrity mutants as far as I know). Such migration is not described in the reference given here. If the authors talk about the mammalian nervous system, they should clarify and give a different reference.
Migration of immune cells has been described in the mammalian nervous system, but it is unclear if this precedes breakdown of the BBB or can lead to breakdown of the barrier. We have removed this from the introduction for the sake of clarity.

Line 59: There is no blood in Drosophila. Please rephrase to "blood-like hemolymph".
The change has been made.

Line 62: "…(PNS), these glial layers are unnamed but perform the same functions as the BBB." This is not true. The two outermost cell layers in the PNS are also called perineurial and subperineurial glial cells ((Stork et al., 2008) and many others). Instead of talking about the BBB one could talk about the blood-nerve barrier in the periphery, but it would still be built of the same components as in the PNS. To be correct, in Drosophila one should talk about the hemolymph blood/nerve barrier.
These sentences have been revised to reflect the preferred terminology and to increase clarity.

Line 63-64. This is true for the CNS and the PNS.
The change has been made.

Line66: I suggest rephrasing this sentence. The SJs are molecularly similar to septate-like junctions at the nodes of Ranvier not to tight junctions, but they perform the same function in the BBB as tight junctions in mammals do. Thus, saying they are similar is just partially correct.
This sentence has been revised to more clearly describe the molecular composition and structure of septate junctions.

Line 69: "The neural lamella forms the outermost layer" You said this before.
This sentence has been removed. 

Line 70: 18.5 hours after egg laying: at which temperature? The temperature is essential, since the development speeds up significantly with rising temperature.
The temperature has been included.

Protocol:
1.1.1: how do you prevent the agar plates form drying too much if they are left at room temperature for 24h?
This concern has been addressed in the protocol. We do not have problems with plates drying out overnight.

1.1.3: why is bleach used in 60mm petri dishes and the washing is done in 30mm dishes? This seems irrelevant.
The size of petri dishes has been removed.

1.1.5: "…with the end cut" - with the tip cut?
We have changed this step to include the use of glass pipettes.

1.1.7: Drying the embryos for 25 min seems excessive. We usually dry them for 5-7 min for injections. This however depends largely on the temperature, the ventilation and the humidity in the room. I would suggest discussing this. Depending on the circumstances the embryos might be dead after 25 min of drying.
Under the conditions in our lab we found that a 25 min incubation at room temperature on the bench top is optimal for injection. No desiccant is used in the procedure, which we have now clarified in the protocol. Wild-type embryos were still able to hatch under these conditions. We have mentioned that desiccation conditions will vary from lab to lab.

2.3.: maybe a picture of the setup would help. Please also reference the table of materials here.
We have referenced the Table of Materials. As the setup will be included in the video, we have not included a picture of the setup here. The setup is slightly different for embryos and larvae due to a different angle required for the injection apparatus.

2.4. Please also reference the table of materials here. The settings described are most likely just the right ones for the exact setup that is used here. When using another injection setup, these might be different. So I would suggest advising people to inject a certain volume with a maximum pressure of x if they use a different setup.
The Table of Materials has been referenced. Settings for injection are included, and we have mentioned that these settings may vary with a different injection apparatus. The volume of liquid injected is included in step 2.7.

3.2. If someone has never dissected a larval brain before, a series of images would be very helpful here.
We have an included an image of a dissected larval brain in Figure 1D. The video will include the procedure of dissecting a larval brain.

Results:
Line 226: I am not sure if the establishment of the BBB can be delayed to larval stages. Has this been shown? I would assume that animals without a BBB would die as late embryos or latest at early larval stages, but most likely would not make it until 3rd instar. The reason I see for measuring BBB integrity later in development is to study BBB maintenance (as mentioned before).
Previous studies have observed that RNAi can be used to cause defects in subperineurial polyploidization, resulting in a compromised BBB in larval stages. This is discussed in line 395-399 with the appropriate reference. We have also mentioned that this assay can be used to test for BBB maintenance.

Line 230: "The dye accumulates at the periphery of the barrier (Figure 2D)" Why? Is the hemolymph not being washed away and with it all the dye outside the brain? Figure 2D is a very bad image. It just shows one lobe and since the background is very high, it is impossible to see if there is dye inside the brain. One could use moody mutants for comparison. In contrast to what has been published, they just show a mild leaky phenotype and are viable.
The hemolymph is not washed away, as the samples are dissected on the slide to be used for imaging. The dye is usually diluted upon addition of the glycerol, but still remains surrounding the tissue. The brain picture has been updated to show a picture that is not blow out and is of higher quality. We have also included a picture of the ventral nerve cord. While we appreciate the suggestion of using moody mutants, we do not have these strains available in the lab to perform these experiments in a timely manner for revision of this manuscript.


Figure3: Please replace by images of real embryos. The figure in its present form does not help. Are stage 16 and 17 dorsal views?
Figure 3 has been updated to include pictures of real embryos and the orientation of the embryos has been noted.

Discussion:
Line 313: "a drop of 1x PBS can be added to the tape to loosen adhesion"
The wording of this line has been revised.

Line 315-316: why would one sandwich the larva between two coverslips if the brain has been dissected?
We have included the reasoning behind the sandwiching of the brain in the discussion. Simply putting a coverslip over the brain usually resulted in damage to the tissue.

Solutions table:
*Please change the table. It is difficult to say which line in column 2 corresponds to which line in column 1. This should be done for all tables.
All tables have been updated to include outlined cells for easier reading.

*Apple juice agar: What should "autoclave for 40 min" mean? To autoclave something refers to a very specific protocol…
We have included the basic autoclave settings used for the preparation of apple juice agar plates.

*Bleach: which concentration of hypochlorite (I guess this is what is used) is the bleach used?
We have included the concentration of hypochlorite in Table 1.

*What is 200 proof ethanol?
We have revised 200 proof to 100% ethanol.

*Giving the size of the tubes used seems unnecessary.
The size of tubes has been removed.

General comment:
Please refer to the tables in the text.
We have included references to the tables within the body of the text.


Reviewer #3:
Manuscript Summary:
The authors of this study describe a protocol that first injects fluorescently labeled dextran into the fly hemolymph and then uses confocal microscopy to determine whether the dextran is able to enter the tissues of the CNS. The authors argue that although several similar protocols have been described in the methods sections of papers, a technique-focused paper does not currently exist in the literature. Given an increasing interest in the role of glia in a wide variety of developmental processes and disease states, the methods described in this manuscript could be of wide interest and provide a standardized method to determine the integrity of the blood brain barrier. The authors provide a somewhat limited background of fly glia, a detailed description of the protocol, and several important points that could cause an experiment to fail. Expected results are also included with the manuscript. Overall, this publication seems suitable for publication with some minor changes.

Major Concerns:
None

Minor Concerns:
1. My main concern with the manuscript involved the "representative data". The data included in this manuscript as "representative images" is somewhat difficult to decipher. I realize these are just "representative images," but some clarification would be helpful for most readers. Suggestions for how to remedy this might include one or more of the following:
a. Is there data demonstrating the larval brains of raw-/- animals? If raw-/- is embryonic lethal, perhaps another genotype could be used instead? This would be a nice addition since it would give the reader an idea of how larval brains would look if the integrity of the BBB was compromised at the larval stage.
Unfortunately, we did not have another strain readily available in the lab that would show a leaky blood-brain barrier during larval stages. We did include an additional image of the ventral nerve cord, and a higher quality image of the brain.



b. You might think about adding text to the discussion (or data if it is present) that describes easy staining methods for the CNS/neurons. For example, the GAL4/UAS system could be used to express GFP or membrane bound UAS-CD8-GFP within the nervous system. This would allow for nice contrast between the red dextran and the green cells of the nervous system. Overlap of the red dextran dye with the GFP of the nervous system could then be more easily visualized.
[bookmark: _GoBack]We have added this to the discussion (lines 678-682).

c. At a minimum, the VNC should be labeled in Figure 2C.
The VNC has been labeled throughout Figure 2.

2. In the paragraph starting on line 61, the authors should be more clear about whether they are discussing fly or vertebrate BBBs, since both are discussed in the preceding paragraph.
We have clarified our references to either the fly or vertebrate BBB in the introduction.

3. In the same paragraph (starting on line 61), the first sentence says "…, these glial layers are referred to as the BBB," but it isn't clear exactly which layers the authors are referring to since the actual layers of glia that make up the BBB are introduced later in that same paragraph. This minor problem could just be fixed by a slightly different introduction to this paragraph.
We have revised this paragraph to more clearly identify the glial populations that are important for the BBB.

4. On line 88, when the authors say, "allow flies of desired genotype to lay…" The authors should be more precise about how these egg-laying cages are used. The egg-laying cages are referred to in the materials section of the manuscript but not explicitly discussed in the methods as far as I can tell. For example, about how many flies are placed into the cage? If parental genotypes are different, are males and virgin females placed together for 1-2 days first and then placed into the embryo collection cages with apple juice agar plates?
We have included additional steps to describe the methods for embryo collection (1.1.1-3).

5. In step 1.1.3, please provide more detail on the "rinse" step. How long is this rinse? Is it just a dunk into three separate "baths" of PBTx? Are embryos then left in the last wash/rinse?
We have added additional text to further clarify how this step is performed.

6. In step 1.1.5, please briefly describe the distinguishing characteristics of the posterior and dorsal sides/ends of the embryo to help the reader position the embryo correctly.
We have added a note following step 1.1.8 to allow for easier identification of the anterior/posterior and dorsal/ventral sides of the embryo. In addition, we have included an image of a live image to point out some of these distinguishing features.

7. In step 1.2.2, are larvae rinsed first in PBS before being dried off?
Yes. This has been added to the protocol.

8. In step 2.8, approximately how many embryos or larvae are injected?
This information has been included in steps 1.1.8, 1.2.2, and 2.10 of the protocol.

9. In the Figure legend for Figure 2, I originally was curious about the red "dots" observed in the figure and would have found it helpful if the sentence that starts, "Dots seen in controls…" would have been included in part (A) or (B) where those dots are present, rather than in part (C) where the mutant is visible.
The figure legend has been revised to discuss the dots earlier in the legend.

10. In the Figure legend for Figure 3 more detail is necessary. Please describe what this figure is showing in more detail. For example, what are the dark oval shapes supposed to represent in this diagram? Arrows and/or labels in the diagram itself would be useful as well as an expanded Figure legend.
We have added more description to the Figure 3 legend.

11. On line 302, the authors discuss creating a needle with a slight angle to the tip. Do they have any suggestions about how to create such a point? Earlier the authors discuss "brushing the needle against the edge of the tape to break off the tip." This should probably be carefully explained in the video version of the article.
We plan to discuss this step carefully in the video.

12. One final concern that I had was there seemed to be a lack of references to similar protocols that focus on other stages of the fly lifecycle. For example, a search of "Drosophila blood brain barrier integrity," returned the result listed below that is focused on the integrity of the adult blood brain barrier. These might be beneficial to include for readers interested in testing integrity of the blood brain barrier at stages other than the embryo and 3rd instar larval phase.
a. Reference: Love C.R., Dauwalder B. (2019) Drosophila as a Model to Study the Blood-Brain Barrier. In: Barichello T. (eds) Blood-Brain Barrier. Neuromethods, vol 142. Humana Press, New York, NY
We have added the reference suggested above. We also include references to other protocols or methods sections of research papers (see reference 5,7, and 25).
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