Editorial comments:
Changes to be made by the Author(s):

Editor: 1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.
Authors: Thanks a lot for pointing out these editorial improvements. We have thoroughly read and corrected the manuscript to the best of our knowledge.

Editor: 2. Please change your title to “In Vivo Imagine of Fully Active Brain Tissue in Awake Zebrafish Larvae and Juveniles by Skull and Skin Removal”.
Authors: We have implemented this change, the manuscript title has been adapted as suggested.

Editor: 3. Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Authors: Thanks a lot for clarifying this point to us. We have removed the use of personal pronouns throughout the manuscript.

Editor 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 and Reagents.
For example: NARISHIGE; Sutter Instruments etc
Authors: We have removed all commercial terms, yet according to the instructions of JoVE we have listed the used material with the names of the companies where this equipment or material has been purchased. 

Editor: 5. 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.
Authors: Thanks a lot for this clarification. We have carefully adopted this imperative style and hope that the manuscript now reads according to the editorial style of JoVE.

Editor: 6. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points and one-inch margins on all the side. Please include a one line space between each protocol step and then highlight up to 3 pages of protocol text for inclusion in the protocol section of the video.
Authors: We have implemented all these editorial suggestions. 

Editor: 7. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage–LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Please include volume and issue numbers for all references, and do not abbreviate journal names.
Authors. We have corrected our list of references according to these guidelines and hope to completed these requirements adequately.

Editor: 8. In Figure 1, please change “larvaes” to “larvae” and “anaesthetic” to “anesthetic” (American English spelling).
Authors: We have carefully read through our manuscript again. We have changed all questionable spelling to American English.


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The manuscript titled "protocol for In vivo imaging of fully active brain tissue in awake zebrafish larvae and juveniles by removing parts of the skull and skin" by Schramm et al provides an overview of how to perform microsurgery to remove the skin and skull for the proper visualization of the brain tissue in zebrafish larvae and juveniles. The authors have demonstrated the surgical procedures involved in exposing the live brain tissue, both in descriptive and illustrative ways. All the advantages and the limitations of this protocol are also pointed out by the authors. The authors are clear in the goals of their protocol. Overall, this protocol provides a method for the electrophysiological study of the neuronal activity in a morphologically intact zebrafish beyond 7-8 dpf larvae after which it is difficult to maintain the transparency of zebrafish larvae.
Authors: We cordially thank the reviewer for having read our manuscript so carefully and the motivating judgement.

Reviewer1: Major Concerns: I do not see any major concerns with the manuscript. Most of the things regarding the drawbacks and advantages of this method has been discussed by the authors in the discussion section.
Authors: We are happy to hear that the reviewer considers our described method and manuscript as solid.
Reviewer1: Minor Concerns: My only minor concern is that the authors have written that this protocol could be used for the neuropharmacological purpose while also acknowledging that this protocol cannot be used in high-throughput methods.
Authors: The reviewer is right in saying that the method is not suitable for high throughput approaches. What we wanted to point out is that this method can be used to characterize or validate pharmacological compounds and that this approach is easy to perform with the direct access to the brain. We consider it feasible to study five compounds per day, but clearly this is not high throughput. We have therefore changed the manuscript accordingly and thank the reviewer for having pointed out this misunderstanding to us.

Reviewer #2:
Manuscript Summary: With some exceptions, in vivo imaging of the zebrafish CNS has largely been done at early developmental stages. The protocol that Schramm and colleagues report here allows for in vivo imaging at later stages, circumventing problems with pigmentation and permitting light microscopy based imaging of brain structures at greater depths.
Reviewer2: Major Concerns: None
Authors: We are delighted that the reviewer is convinced about the method that we have introduced here.

Reviewer2: Minor Concerns: Abstract - line 47 Should be: Therefore, we provide a minimally invasive….
Authors: We have corrected this point.

Reviewer2: 1.2 ….else it will cause brain….(sounds too conversational)
Authors: We have changed the wording to “might case”.

Reviewer2: 1.1 Would it be worthwhile to sterilize the ACSF? It would also be good to indicate the molecular weight for each chemical.
Authors: Yes, the reviewer is right about that. Sterile filtering would be a good option. We have now added this possibility to the manuscript and thank the reviewer for this valuable thought.

Reviewer2: 1.6 It would be worth providing an image of the glass capillary - to see for example how long the shank is. An image of a pulled and un-pulled capillary for comparison with a scale bar would be helpful.
Authors: We thank the reviewer for this helpful advice. We now display a picture of the capillary as suggested.

Reviewer2: 1.6.1 Should be Heat not Heater - and presumably 65.8 not 65,8.
Authors: The reviewer is right and we have changed the text accordingly.

Reviewer2: 2.3 How are the stock solutions for the drugs prepared? Are the manufacturer's instructions followed or are there deviations worth mentioning?
Authors: For dissolving all chemicals manufacturer’s instructions were followed. In detail, MgCl2, CaCl2 and KCl 1M stock solutions were prepared in desalted sterile water for subsequently preparing fresh ACSF. Glucose, HEPES and NaCl are dissolved as solid compounds in the fresh ACSF solution. D-Tubocurare is diluted in water at a concentration of 50mM and stored as 100µl aliquots at -20°C. To prepare 2.5% low melting agarose solutions, 1g of low-melting agarose was dissolved in 40ml freshly prepared ACSF. All these procedures are detailed in the manuscript to allow for reproducing these preparations.

Reviewer2: 2.4 The glass coverslip is square - 24x24 mm - rather than rectangular. Can the authors say why the larvae are embedded on the glas coverslip and not directly on the plastic lid. Is the coverslip attached to the plastic lid in some way?
Authors: The glass coverslip acts as operation table for the skull opening procedure. The surface of the glass provides the agarose a stronger hold during the surgical procedure and prevents the larvae from slipping away. In addition, the subsequent transfer of the agarose block is easier to perform from a glass bottom surface compared to plastic. We are mow mentioning this advice in the manuscript and thank the reviewer for pointing out to us these helpful clarifications.

2.5 What is aquaristic? Aquatic tanks?
Authors: We meant aquatic tanks, but we have left out this term completely in the revised manuscript as it does not provide additional helpful advice.

Reviewer2: 2.5 By 'full brain activity' - are the authors referring to calcium imaging experiments? If ACSF is not necessary for imaging 'only morphology' what medium is preferred? Would it be detrimental to have ACSF if only morphology is being imaged?
Authors: The reviewer is right the mere image recording at individual stages is not as challenging in terms of media used, here the surgery should be performed in the presence of ACSF and fish larvae can be fixed PFA subsequently. Live imaging for example to image Ca2+-transients requires ACSF for oxygenating the brain tissue sufficiently. This also ensures that neuronal morphology is not altered due to osmolarity effects. We have added these points to the manuscript to discriminate properly between the different purposes and media to be used.

Reviewer2: 2.5 Note - exchanging the ACSF every 20-60 mins is a very broad window of time. Would it not be better to keep this shorter?
Authors: We now provide more details about this point in the manuscript. The period of ACSF exchange depends on the number of larvae embedded within the same dish. For single embedded larvae ACSF exchange every hour is sufficient. For six larvae imaged in parallel, ACSF exchange should occur every 20 minutes. We hope we have now clarified this point sufficiently.

Reviwer2: 3.3 Line 192 - make clear that 'as close to the surface..' refers to the agarose.
Authors: We have clarified this point in the manuscript.

Reviewer2: Line 199 - unclear what is meant by 'ensure a fast brain exposure for all larvae'. Do the authors wish to simultaneously image all 3 brains at high speed?
Authors: We have rephrased this sentence for clarification to “reduce the time needed to operate larvae…”

Reviewer2: 4.1 - 4.3 represent the most important steps of the protocol and will presumably be filmed in good detail. The description is good but I think an experimenter would greatly benefit from seeing the procedure being done - Figure 2 essentially shows a 'before' and 'after' scenario and thus does not (and cannot) show the microsurgery.
Authors. We thank the reviewer for pointing this out and we will make sure that video sequences are provided for this experimental step.

Reviewer2: 4.5 Presumably the imaging chamber for use at an inverted microscope is a glass-bottom dish? Or a plastic petri dish in which a hole is cut out to fit the glass coverslip, with the agarose-mounted fish?
Figure 3 very beautifully illustrates how the microsurgery provides access for microscopy!
Authors: The reviewer is right, the imaging chamber is a glass bottom dish, we prefer to use the 35mm µ-dish from Ibidi Inc, but it can be easily self-made as described by the reviewer. We now mention this in the revised manuscript.

Reviewer2. Line 269 excitation laser rather than exciting laser.
Authors. The reviewer is right and we changed the text accordingly.

Reviewer2: Line 274 -276 'In a freely accessible brain….' It is unclear whether the authors are equating a fixed brain with an explanted brain (the latter would be considered ex vivo and still considered 'alive' for a period of time).
Authors: We changed this sentence to clarify the advantages of the open skull method. The major advantage compared to an explanted unfixed brain (ex vivo) is, that the brain in an open skull fish still contains all the neuronal connections and receives normal sensory input from all sources and therefore processes like synaptogenesis should occur under normal physiological conditions. In an explanted brain, the physiologic input is significantly altered because all the circuitry which connect the brain with the rest of the body are removed.
Furthermore, it is very challenging to explant a brain from a larva between 4-30 dpf without fixing the fish for at least 5-10 minutes in PFA, because the tissue is incredible sensitive to mechanical influence, that’s why we equated the fixed brain with an explanted brain. We hope we sufficiently clarified this comparison in the revised version of the manuscript.

Reviewer2: Line 292 - should be prove - not proof
Authors: We have adjusted the text accordingly.

Reviewer2: Line 338 - no white arrows can be seen in 4D
Authors: We have added this arrow to the figure.

Reviewer2: Figure 1 - Top left part of the schematic mentions Danieau. 2.1 however only mentions water from the fish facility (are there instances when Danieau would be the preferred medium?). It should be 'larvae' not 'larvaes' - check throughout labeling of Fig 1.
Authors: Danieau is used as rearing medium up to 7dpf, subsequently water from the fish facility will be used as fish are adapted to this environment.




Reviewer2: Figures 3-5: Indicate the rostro-caudal axis. Scale bar numbers are too small.
[bookmark: _Hlk58598669]Authors: All fish were embedded with their head to the left, dorsal is up according to the convention. But to avoid misunderstandings we have clarified this in the image description. The scale bars have been adjusted and the numbers were removed from the images themselves and can now only be found in the image description. An arrow indicating the rostro caudal orientation has been added.

Reviewer2: Table of Materials: Kalium chloride should be potassium chloride
Authors. We have changed this misspelling accordingly.
Reviewer2: Discussion: How long can the brain in this procedure be kept alive. The authors mentioned no decline in calcium activity in 30 dpf larvae after 1 hour of imaging - is this then the upper limit?
Authors: Based on electrophysiological recordings we see no change in activity for the first two hours. But as we record from the cerebellum, we did not want to extrapolate this too extensively to other brain areas and considered 1 hour as a conservative estimate. After the surgery of 7 dpf larvae, they survived for more than 48 hours and also started to successfully hunt prey (e.g. Rotifera) and could swim normally and reacted to stimuli (e.g. tapping of the petri dish). Currently we do not know if it is possible to raise these larvae to adulthood, but at based on the feeding behavior it seems that the surgery had no gross influence on the health of the larvae. Nevertheless, we have toned down our statement (please see also our answer to reviewer 3).

Reviewer #3:
Manuscript Summary: This method to study the live larval zebrafish brain from Schramm et al. will be a useful addition to the field. The procedures are generally explained well. Of course, the utility of the technique will be enhanced by providing videos, which are not available for this reviewer to evaluate. Other than this drawback, toning down some speculative aspects and providing additional technical details (noted below) will improve the manuscript and make it suitable for publication.
Reviwer3: Major Concerns: L136-142: While instrument settings are useful, the authors should also provide a technical description of the glass pipets. Tip diameter, shank length (short or long) etc.
Authors: The reviewer is right in pointing this out to us. We have added this information to the revised manuscript and we now also provide a picture of the capillary.

Reviewer3: L155-157: Is d-tubocurarine just added to the fish water? Is it able to penetrate the skin and have consistent and strong effects?
Authors: The reviewer is right, d-Tubocurarine is directly added to the ACSF. The anesthetic is absorbed through the mucous membrane of the fish skin and also by breathing through the gills, when the larvae are older than 7 dpf. The time that is needed for a complete anesthesia depends on the age of the larvae and also of the concentration of the anesthetic, but we provide concentations and time points for orientation. d-tubocurarine has a strong anesthetic effect for all timepoints tested (4-30 dpf) and should theoretically also be able to anesthetize adult zebrafishes.

Reviwer3: L219-240: It would be very helpful to view Videos for steps 4.1 to 4.3, without which these descriptions are not sufficiently detailed
Authors: We agree with the reviewer and marked these steps for video recording.

Reviewer3: L213-214: What are the signs of oxygen deficiency in anesthetized larvae?
Authors: Declining oxygen levels can be observed by a decline in heart rate and blood flow through the vasculature and should be monitored regularly. We now provide exemplary movies in the supplementary material of our revised manuscript.

Reviewer3: L238-240: This technique will work quite well for imaging in the tectum, cerebellum and the hindbrain because it is relatively easy to peel the skin due to the large 4th ventricle, and the orientation of the tissue. Have the authors attempted peeling the skin more anteriorly, and how to image?
Authors: Yes, we also tried to peel away skin in telencephalic regions to obtain access to more anterior regions of the zebrafish brain to investigate for example cells in the pallium. Here, peeling away skin should start near the mouth with the help of incisions directed dorsally around the eyes. Only the required region of interest should be exposed to reduce the risk of rupturing blood vessels. It will help to mount the larvae in a tilted way with the mouth pointing to the dorsal surface of the agarose. The procedure requires thorough training for the forebrain compared to the cerebellum or the posterior optic tectum as these are positioned most dorsally and easily accessible, yet imaging forebrain cells has worked for us successfully. 

Reviewer3: L241-242: There is no d-tubocurarine in the ACSF. In its absence, doesn't its paralytic effect disappear after some time due to dissociation from the receptors? Why not include d-tubocurarine in the ACSF?
Authors: The reviewer is right and we forgot to mention this point in the manuscript. D-Tubocurarine is added to the LM-agarose once it has cooled down and shortly before mounting larvae at an effective concentration of 10µM, here the agarose also serves as a reservoir for the anesthetic. We have added this important information to step 1.6 in the revised manuscript.

Reviewer3: L299-300: While this experiment suggests that skin and skull removal is not detrimental to health, it is hard to judge without comparing to an unoperated sibling. While the vasculature is intact, one cannot conclude its condition (morphology and distribution) is normal without comparing to a control.
[bookmark: _Hlk58596685]Authors: The reviewer is right and we have decided to tone down this claim in the manuscript by stating now “based on electrophysiological recordings, blood circulation, breathing and survival of fish for additional days we consider it likely that skin and skull removal is not majorly detrimental to overall health”. We consider this statement as appropriate, as we cannot see morphological changes of the vasculature and no obvious bleeding but rather a vivid blood circulation. The electrophysiological activity of cerebellar neurons is unaltered during the first hours and compares well to published data. After experimental analysis zebrafish larvae swim and feed, and it is possible to keep larvae alive for several days after the surgery, where we observe them to swim and feed.
Reviewer3: L338: Arrows missing in Fig. 4D
Authors: We have added the missing arrow to the respective figure. 
Reviewer3: L362-363: There is no evidence presented for healthy brains after 1-2 hours. This statement (brain is fully functional and viable for hours) is speculative, and would be warranted only if the suggested controls have been performed. It does not appear that any of the papers cited (#s 19-22) conducted long-term observations on operated larvae beyond 1 hour.
Authors: Based on our own electrophysiological recordings we see no change/decline in electrophysiological activity for the first two hours, and these data correlate well to previously published electrophysiological signatures of cerebellar neurons. But as we record from the cerebellum, we did not want to extrapolate this too extensively to other brain areas and considered 1 hour as a conservative estimate.
As this method focuses on brightfield and fluorescence imaging we do not want to dilute the focus by providing electrophysiological recordings, but we now mention these findings in the discussions to clarify the experimental base for this claim. If the reviewer wishes, we can provide these data for the purpose of the manuscript review, but would like to avoid to present a mixture of techniques in the method protocol. 
Of note, it is possible to raise 7 dpf old zebrafish larvae after skull opening for more then 48 hours. Their movements seem to be normal, they start to hunt prey (e.g. Rotifera) and are able to feed and to react to external stimuli (e.g. tapping on the petri dish). Currently, we do not know if it will be possible to raise these larvae to adulthood, but there are no gross behavioral or morphological deficits observable by us in these larvae.

Reviewer3: Minor Concerns:
Reveiwer3: L174: change "aquaristic" to "aquarium"
Reviewer3: Figure 1: Change "larvaes" to "larvae", which is the plural of larva.
Reviewer3: L291-292: Change to "To prove that"
Reviewer3: L386: Change "the here described method" to "the method described here"
[bookmark: _GoBack]Authors: We have made all suggested corrections to the wording in the revised version of the manuscript. 
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