Jove Reviewer Comments 
We appreciate editorial and reviewer comments and have made the necessary changes. We believe the manuscript is much improved as a result of these revisions. All changes to the manuscript have been highlighted in cyan. Below is a point-wise response to editorial and reviewer comments.
Editorial comments:
Comment: 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.
Response: We have taken to time to review the manuscript for spelling and grammar issues. We are happy with the current state of the manuscript. 

Comment: Please rephrase the Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
Response: The summary has been rephrased as suggested and now fits within the 10-50 word limit. 

Comment: 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.
Response:  For protocol steps lacking detail or the “how” questions we have taken time to elaborate on these steps adding more descriptive information on how to actively perform the task. 

Comment: 2: Please specify the concentrations of all solutions used in the manuscript.
Response: All missing concentrations of solutions have been added where necessary. 

Comment: 2.1: Please specify the desired amount. We need specific values in order to film.
Response: We have specified the exact amount of 35mm petri dishes to be used at this step. 

Comment: What is the age/sex/gender of the mouse used?
Response: The age of the timed pregnant mice has been added. As these are pregnant mice, they are female. 


Reviewer #1 comments:
Comment: The introduction (lines 58-67) mentions that glutamate-mediated excitotoxicity occurs mainly through NMDA receptor activation. Yet, the authors used NBQX, a blocker of AMPA receptors to mitigate the calcium response of midbrain neurons challenged with glutamate. What is the rational for that?
Response: We have added references and an explanation for the involvement of AMPARs in glutamate-mediated excitotoxicity. Our rational was to determine the AMPAR component of glutamate-mediated excitotoxicity within a cell culture model of midbrain neurons. 

[bookmark: _Hlk42439363]Comment: The authors mentioned the fact that "while much of the previous work on excitotoxicity has been done within cell culture models, many studies have used cortical neurons or other, more easily cultured, cell lines" (lines 558-560). This is only partially true. See for instance the following references [Douhou A, J Neurochem. 2001 78(1):163-74; Lavaur J, et J Neurochem. 2017 142(1):14-28]. What is true, however, is that genetically encoded calcium indicators have not been commonly used for monitoring calcium when midbrain cultures are used to assess excitotoxic processes.
Response: We appreciate this insight and have included the references listed in the comment above. We have rewritten this section (lines 587 to 594) to focus on the novelty of using GECIs to monitor calcium activity of midbrain neurons following glutamate challenge. 

Comment: Calcium measurements were performed on the whole population of midbrain neurons and not specifically on dopamine neurons, which most likely represent a small percentage of neuronal cells in this model system. Therefore, the authors should mention the fact that it would be also technically possible to perform calcium imaging specifically in dopamine neurons using field relocation protocols after TH immunocytochemistry.
Response: We have added a short explanation of the potential for differentiating TH+ from TH- neurons within our culture model as follows: “By using different field relocation techniques, such as gridded coverslips or a motorized XY microscope stage, combined with TH immunostaining, we can directly study the cell type specific effects of glutamate-mediated excitotoxicity in DA neurons”

Comment: Section 6. (line 269) "Infection of cell culture with adeno-associated viral (AAV) vectors": It is not clearly stated at what stage of maturation, cultured cells are transduced with viral vector particles. Besides, the age of the cultures, which are used for calcium imaging, is mentioned nowhere. This is of importance, as the response to a glutamate challenge will vary dramatically as a function of the degree of maturation of these cultures.
Response: We have now added information on the number of days in vitro for the cells in section 6 and section 7. In the discussion we also mention that by 2-3 weeks, the timeframe of AAV infections and Ca2+ imaging, the cells are fully matured based on their molecular profile. Appropriate references are included. 

Comment: Section 3.12 (lines 209-216) An illustration for the dissection protocol would be welcome. Alternatively, cite previously described protocols for this section.
Response: A previously published protocol of the dissection process is referenced at the beginning of section 3 as it outlines the entire process from 3.1 through 3.14

Comment: As a perspective, the authors could also mention the possibility of comparing the impact of test compounds on glutamate-evoked responses to their rescuing effect for dopamine neurons.
Response: We completely agree and have added the following sentence at the end of the discussion: “this model could be an effective tool to screen novel compounds for anti-apoptotic effects and their ability to preserve DA neuron health.”. 

Comment: In the abstract (line 33), the authors describe the degeneration of dopaminergic neurons as "rapid" which is probably not true. It may be rapid at the level of a single neuron but slow if considering the whole population of vulnerable dopamine neurons.
Response: We agree that the use of the word rapid here is slightly misleading about the progressive nature of PD in vivo. We have removed the word. 

Comment: In the abstract (line 39): "under control of the neuron-specific promoter, hSyn" hSyn stands for what? Synapsin?
Response: We have added the full spelling of the promotor to prevent any confusion. 

Reviewer #2 comments:
Comment: The authors claim that this is a model for evaluate excitotoxic cell death in dopaminergic neurons. There are not enough results about cell viability/intoxication/death, the unique result related to cell intoxication is the evaluation of Caspase 3 activation by imaging techniques. In order to make this method suitable to evaluate dopaminergic cells toxicity and death, more experiments need to be added to the method, e.g. TH expression evaluation and cell counts. However, considering that the method is suitable for measuring Ca flux, instead of adding further experiments the authors could modify the title and the discussion focusing on the efficacy as a method for screening drugs that interfere with Ca flux.
Response: We agree that Caspase-3 activation alone is not a complete measure of cell death. We have reworded title as follows: “A method to quantify spontaneous Ca2+ fluxes and their downstream effects in primary mouse midbrain neurons”. We have also reworded parts of the introduction and discussion to focus on the downstream effects of Ca2+ influx in midbrain neurons, rather than excitotoxic cell death.   

Comment: It's appropriate to add a brief description of NBQX effects in the introduction.
Response: We agree and have added a short description of NBQX pharmacology along with a reference. 

Comment: The approx total number of the cells obtained (adjusted to the number of embryos) could be an useful data.
Response: We agree and have added this information at the beginning of protocol step 5 as follows: “Note: Based on our experience, about 100,000 viable cells per embryo are collected. 2-3 mo old timed pregnant mice typically have litters sizes of 8-10 embryos, therefore, a rough estimate for total yield of cells per timed pregnant mouse is approximately 1 million cells.”

Comment: Many substances are dissolved in H2O, the authors mean distilled water?
Response: We have clarified throughout the protocol that distilled water was used in these steps. 

Comment: In step 4.2.1 the approx number of "up and down" with pipette should be indicated.
Response: We have added the exact number of trituration steps to perform. 

Reviewer #3 comments:
Comment: Why is the dissection done outside a biological safety cabinet as it increases the risk of contamination? Did the authors consider adding an antibiotic to the HBSS.
Response: We use 4 separate antibiotics in our culture medium therefore the risk of contamination is minimal. However, if the use of antibiotics is unwarranted the dissection setup can be moved into a sterile hood. We have addressed this issue in section #3 of the protocol as follows: “Plentiful use of 70% EtOH on surfaces near the dissection microscope and on surgical tools is ideal. A mask may also be worn during the dissection to further prevent contamination. Additionally, we use 4 separate antibiotics in our culture medium, so contamination is unlikely. However, if use of antibiotics is problematic, this dissection setup could be moved inside a sterile hood”.  

Comment: For this method, is it necessary to use 3 coating reagents (PDL, PLO, laminin) for the plate?
Response: While it is not necessary, it is ideal. We have added a brief note at the beginning of section #2 of the protocol as follows: “Note: We have found that combining three coating agents, poly-L-lysine, poly-L-ornithine, and laminin allows for ideal cell adhesion and viability”. 

Comment: concentration of hydrochloric acid that is best? Adding "small amount" is a bit ambiguous
Response: We have provided more accurate information on the volume and concentration of hydrochloric acid used.

Comment: It is not clear where to leave the embryos after collecting them (HBSS?). Were embryos kept on ice throughout collection and midbrain dissection?
Response: In the note at the beginning of protocol step 3# we have added more descriptive information as follows: “To preserve cell viability all dissection solutions should be chilled at 4˚C, and dissections should be completed as quickly as possible. We do not perform the dissections on ice.” We have also clarified the method to preserve dissected embryos by adding the following statement in the manuscript “Embryos should be left in HBSS throughout this process”

Comment: what is the control? Would it be a no glutamate addition, or no virus addition? Point 6.2 states two AAVs, but 6.1 only describes 1. This is confusing.
Response: The control condition are cultures infected with the AAV but with no glutamate exposure. We apologize for the error in step 6.2 suggesting there are two AAVs. Only one AAV, hSyn-GCaMP6f was added and we have made changes to the protocol to reflect this. 

Comment: How do researchers know if viral expression is ready after 5 or 7 days? Are there any steps for confirmation of effective viral expression? "Continue to change the medium every 2-3 days" does this mean during the 5-7 days of viral expression? If so this should be made clear
Response: We have clarified the question by adding the following sentence to the manuscript: “We have found that 5-7 days of AAV infection allows for ideal levels of GCaMP expression. Continue to change medium every 2-3 days throughout this period of viral infection”. 

Comment: why are 2 lasers being used during the calcium recording? Are they going to be recording different things or is this specific for the AAV used? As this part is not being conducted on cells that have been stained with different antibodies then why the two wavelengths. A general reader will not understand
Response: Again we apologize for this mistake. Only was laser was used to visualize GCaMP and the protocol has been updated to reflect this. 

Comment: are there still 2 coverslips per 35mm dish at this point? How is the formalin addition managed at this point. If there are multiple coverslips being imaged are there any points at which the coverslips can be kept in solution (such as in PBS wash) so that staining canbe performed at the same time?
Response: As mentioned in step 7.2.2. only one coverslip is brought down to the microscope at a time. We have made a few changes to this step to make this more clear. We have also modified step 7.2.15 to read, “Following the additional 5 min of 20 µM Glutamate exposure the coverslip can be removed from the bath and placed back into the 35mm petri dish containing recording buffer until the day of imaging is completed. When finished, proceed to step 8. Additionally, in the note following step 8 we have added the sentence, “Following fixation with formalin, coverslips can be stored in 1x PBS at 4°C until ready to be processed for immunostaining.   

Comment: anti-caspase-3 antibody is not a measure of excitotoxicity but a measure of apoptosis. Suggestion would be to alter this phrase to excitotoxicity-mediated apoptosis.
Response: We agree with the reviewer that caspase-3 activation is a measure of apoptosis, not excitotoxicity. We have changed the sentence to read, “In addition to quantifying the Ca2+ response to glutamate treatment, we fixed and stained samples with an anti-caspase-3 antibody as a measure of glutamate-mediated apoptosis.” We have also reworded the manuscript to state “glutamate-mediated apoptosis” rather than “glutamate-mediated excitotoxicity”

Comment: "as we can study the cell type specific effects of glutamate-mediated excitotoxicity in dopaminergic neurons directly." Have the authors examined the purity of the cultures for dopamine neurons? Only the apoptosis was confirmed in TH positive cells. Without purity information is it possible the calcium imaging is picking up differences in non dopaminergic cells?
Response: We appreciate this insight and while yes, the cultures are not pure, we have addressed this issue in lines 588-592, “As we have particular interest in excitotoxicity within the context of Parkinson’s disease, using primary VM cell cultures is ideal. By using different field relocation techniques, such as gridded coverslips or a motorized XY microscope stage combined with TH immunostaining, we can directly study the cell type specific effects of glutamate-mediated excitotoxicity in DA neurons.” While we did not differentiate cell type for calcium imaging data in this study we outline above how this can be achieved. 

Comments: Is a 2 week period considered a long-term cell experiment, given this timeframe is standard for neurons. Can the authors clarify what they mean by "shorter-term" methods and provide a more appropriate reference as current reference used describes a 3 week protocol.
Response: We apologize for the confusion and have reworded this section for clarity, “Additionally, our 3-week cell culture model allows for neurons to develop their full, mature molecular profile, reflecting adult DA neurons 9”. The protocol we describe here takes place across 3-weeks. As PD typically manifests late in life, more mature neurons would be most reflective of the PD condition. Based on the reference listed, at 3 weeks in vitro the neurons have fully matured and contain the molecular machinery of a typical adult neuron. 


Reviewer #4 comments:
Comment: The cultures contain both GABAergic and dopaminergic neurons, all of which are expressing GCaMP after infection. Both cell types can pace spontaneously and respond to glutamate. Furthermore, you have at least two types of dopamine neurons, those of the VTA and those of the SNc. Those dopamine neurons are fundamentally different in their calcium handling and sensitivity to excitotoxicity. Dopamine neurons of the SNc are sensitive to calcium dependent apoptosis while those of the VTA are resistant. Therefore, the results of the calcium imaging part of the experiment is from a mixture of three different populations of neurons.
[bookmark: _GoBack]Response: We appreciate your insight and are aware of this limitation. To address the issue of differentiating GABAergic neurons, we have added a brief explanation of possible methods to differentiate DA vs. GABA neurons, “By using different field relocation techniques, such as gridded coverslips or a motorized XY microscope stage combined with TH immunostaining, we can directly study the cell type specific effects of glutamate-mediated excitotoxicity in DA neurons.” Unfortunately with the dissection technique we use it is near impossible to differentiate SNc vs VTA DA neurons in our cultures. We agree that this is one of the main limitations as their physiology is quite distinct. We have added the following passage to address this, “One limitation of our primary culture model is that our dissection technique captures the entire ventral midbrain, including DA and GABAergic neurons as well as neurons from the SNc and VTA. Evidence now suggests that DA neurons of the SNc have selective vulnerability to calcium and eventual cell death compared to DA neurons of the neighboring VTA {Surmeier, 2017}.” Differentiating SNc from VTA neurons in embryonic cultures has proven difficult with few anatomical landmarks to define these structures in the embryonic brain.

Comment: In lines 522-525 "Together………in the same cells", suggests that the same cells measured in the calcium imaging were measured for caspase-3 and TH positive. By the description in the protocol, it is not clear that the same cells/fields of view were aligned and measured for calcium signal, caspase-3 fluorescence and tyrosine hydroxylase fluorescence. Unless you are aligning the same cells in the calcium images and caspase-3/TH images, the dopamine neuron signals of the calcium imaging cannot be separated from those of the GABA (see 1). Please clarify if "the same cells" are the exact same cells/fields of view or if they are just from the same coverslip.
Response: We apologize and agree that this sentence is confusing. We have now changed the sentence to read, “Together, these results demonstrate a high-content framework in which apoptosis of neurons can be measured by quantifying Ca2+ responses to excitotoxic agents and followed up with an analysis of downstream apoptotic events such as caspase-3 activation in the same set of cultures.” As mentioned in the above comment, we discus possibilities to allow for alignment of Ca2+ imaging and capase-3 activation data at a single cell resolution. 

Comment: what are the concentrations of poly-L-lysine and poly-L-ornithine?
Response: We apologize for this oversight and have added the concentrations of both poly-L-Lysine and poly-L-ornithine where appropriate. 

Comment: "mice" should be mouse unless you use more than one pregnant mouse per culture
Response: We have included the statement “We use between 4 to 6 timed pregnant mice per culture” in section 3. Therefore, we have retained the wording as mice.

Comment: What is the thickness of the section? Give an estimate.
Response:  We have added a rough estimate to the thickness of the initial midbrain segments, “The midbrain segment should be approximately 0.5 mm thick.”

Comment: tissue will be less dense" what do you mean by this?
Response: We appreciate this comment and have reworded this sentence in an attempt to be more visually descriptive, “The remaining inferior quadrants will have excess tissue laterally on the dorsal side, this tissue will look less opaque than the remaining ventral tissue.” 

Comment: Aspirate the remaining laminin" is the laminin left on the coverslips until use or are the coverslips in the incubator in rinse water? Please clarify.
Response: We have rewritten step 5.2 to reiterate that laminin solution should be left on the coverslips at the end of section 2 of the protocol, “Remove coverslips with laminin solution from step 2 from the incubator and aspirate the remaining laminin solution from the coated coverslips using a vacuum.”

Comment: "both AAVs" is there more than hSyn-GCaMP6f AAV? Please clarify
Response: We thank the reviewers for catching this mistake and have corrected it as follows, “Aspirate the cell culture medium from each dish and replace with 1 mL serum free DMEM containing hSyn-GCaMP6f. Place dishes back into the 37 °C incubator for 1 h.”

