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Live Animal Imaging and Cell Sorting Methods for Investigating Neurodegeneration in a C. elegans Excitotoxic Necrosis Model
Zelda Z Mendelowitz1, Adem Idrizi, and Itzhak Mano

Dear Editor,
We would like to express our sincere thanks to the editors and the reviewers for their close attention and deep evaluation of our manuscript. We addressed all comments, introduced changes to address all editorial notes and nearly all (whenever possible) of the reviewer’s comments, as listed below.
We hope that you will now find our manuscript fit for publication in JoVE. 
Many thanks
Itzhak Mano, PhD.
CUNY Sch of Med
_______________________
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.
Done (as best we could)

2. Please revise the title to avoid abbreviations while remaining within the 150-character limit.
Done

3. Please provide scale bars for Figure 1B, 2B, 3C
Done
4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
Done

5. 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.
Done (as best we could)

6. 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: Wheaton Unispense µP Dispenser, BD’s FACSAriaIII machine, Zeiss Axiovert
Done

7. 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.
Done

8. 3.2: Are there any special precautions to be taken when mounting agar chunks?
Addressed in the text

9. 4: How is the crossing actually done?
Addressed in the text

10. 5.1: Please provide more details: which constructs are to be used; how do you label the mitochondria? Does the reference contain this information? Please specify.
Addressed in the text

11. 6.1: Please provide details on analysis and figures.
Addressed in the text

12. 6.2 and 6.3: Please indicate what these different types of mitochondria mean for your study outcome and interpretation of results.
Addressed in the text

13. Please highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
Done

14. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense.
Done

15. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
Done

16. As we are a methods journal, please revise the Discussion to explicitly cover 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
Done

17. Please write journal names fully in the reference list.
Done

18. Please include a scale bar for all images taken with a microscope to provide context to the magnification used. Define the scale in the appropriate Figure Legend.
Done


____________________________________
Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
The authors described live imaging and FACS methods for investigating neurodegeneration using a C. elegans excitotoxic necrosis model. This work provides useful methods for researchers interested in neuronal degeneration. This manuscript is overall well written but needs to provide more details.

Minor Concerns:
1. (2.0 Growth Media) Please describe the purpose of using two different kinds of worm growth media, NGM and MYOB.
Done

2. (5.0 Live imaging of neuronal mitochondria morphology…)(Figure 2A) To observe worm neurons expressing fluorescent protein, why they use inverted microscope instead of upright microscopes? Are there any advantages in this case? Please, describe more.
Addressed in the text

3. (Figure 1A) This schematic of excitotoxicity mechanism is poorly drawn. This figure should be improved.
Done

4. (Figure 1C) In the graph, this mark ("}Nematode Excitotoxicity") seems to be inappropriate.
Addressed

5. (Figure 1D) For the statistical test, the legend and figure do not match. Only *** is observed in the figure, while the figure legend mentioned *,**, ***, and ns.
Addressed

6. (Figure 3A and 3B) It is hard to understand the axis labels on graphs. Please describe more details in both figure legend and the main text.
Addressed


Reviewer #2: 
Live Imaging and FACS Methods for Investigating Neurodegeneration in a C. elegans Excitotoxic Necrosis Model
Mendelowitz et al.

Mendelowitz et al. describe how to score glutamate-dependent neuronal deaths in the powerful model system C. elegans and document protocols for sorting-based isolation of at-risk neurons dissociated from whole animals, used for RNA seq. studies. This paper will be of great value to those studying like processes in C. elegans and seems highly suitable for a JoVE publication.

Some revision will address clarity.

In general, I know the authors will have to edit out the use of personal pronouns for JOVE style. There is a lot of that in the paper.
Addressed

Also in genera,l the verb tense use is quite varied-the authors should pick one and stay with it, going through the text to keep tense uniform.
Addressed

Specific comments on grammar, typos:

Line 69 It is believed that much of the difference from animal models is because the intervention was administered hours after stroke onset, blocking late-acting endogenous neuroprotective mechanisms downstream of GluRs 14,16,17 71 .

The "difference from animal models" is not well explained and a bit unclear; possibly better is—clinical failures of protcols suggested by animal work might be because….
Addressed

72 alternative approach, which is based on thrombolysis, can
Addressed

96 Therefore, both the study of downstream death signaling pathways and the study of transcriptional neuroprotection in excitotoxicity encountered great difficulties and disagreements in outcome.
Addressed

33 pathways that affect neurodegeneration and neuroprotection. We have already started using these approaches to analyze downstream death signaling cascades
Addressed

In general 1.1 might be confusing to an uninitiated reader. I suggest more precise description of the constructs.
Addressed

140 1.1. Glutamate-dependent excitotoxicity in C. elegans is produced by combining a knockout 141 (ko) of a glutamate transporter gene with
with transgene that sensitizes to neurotoxicity expressed in a particular subset of neurons

We refer to this genetic combination as our excitotoxicity strain (freely available from the Caenorhabditis Genetics Center, CGC). We study the effect of genes encoding candidate regulators of excitotoxic necrosis by combining a mutation in such genes (strains obtained from CGC or produced by us) with our excitotoxicity strain (a bit vague—better if exact names or better descriptions are given) . Table 1 outlines strains that we use to study distinct pathways of neurodegeneration and neuroprotection, specifically for this protocol.
Addressed

169 overnight to dry. (overnight is one word)
Modified

174 psi for at least 45 minutes, allow it to cool let the solution cool and inoculate w
Modified

176 of bacterial culture to dried dry MYOB agar plates and allow them the bacteria to dry/grow
Modified

178 will it be clear what a chunk is?
Addressed

194 Neurodegeneration peaks at in L3 animals, which
Addressed

202 (without anesthetics). Flip the agar chunk so that the animals which that were cra

Addressed

3.3. Using a DIC scope with x10 ocular and either an x40 or x63 objective scan animals at random by 207 sliding the coverslip manually
Addressed

209 Record the number of dying (i.e., vacuolated) head neurons and the developmental stage of each animal in a table where animals from a given strain are grouped by developmental stage
Addressed

211 The number of degenerating neurons in the head, retrovesicular ganglion, and tail per worm is recorded, respectively.
Addressed

214 and further into that paragraph: In each session we collect data at random for several developmental stages.
I think JOVE does not permit personal pronouns?
Addressed

small groups of-) animals on an agar pad 39
Addressed

229 3.5. Calculate averages and SEM of the collective number of degenerating neurons in both the head and retrovesicular ganglion are calculated per animal per developmental stage (Figure
Addressed

252 5.0 Live imaging of neuronal mitochondrial morphology using reporter strains by inverted fluorescent microscopy reads better as:
Live imaging of neuronal mitochondrial morphology by inverted fluorescent microscopy of reporter strains
Addressed

254 sentence has some redundancy; possibly:
Addressed

5.1. For mitochondrial imaging we examine mito-mCherry using strains that label mitochondria of glr-1 -expressing neurons (by expressing a fusion between the fluorescent protein and the N-terminal of TOM-20 under glr-1 promoter 41).
Addressed

266 5.4. Image animals within 20 (add a space) minutes using an inverted scope with DIC and florescence imaging.
Addressed

272 Once the head of the worm is located (or neurons of interest, in this case, we look at the soma of neurons of the 273 retrovesicular ganglion) take overlapping Z-stack images with DIC, GFP, (one sentence)
Addressed

284 them, with few little fragmentation.
Addressed

288 worm, score the number of neurons with filamentous, intermediate, and fragmented mitochondria for a total
Addressed

291 Perform statistical analysis using chi-square test to compare mitochondrial morphology distribution between strains.
It might be useful to explain more here for comparison of 3 parameters?
Addressed

296 . Here we describe neuron sorting of all (30 neurons/animal) a add a space
Addressed

298 However, single-cell -specific promoters can also be used to express the GFP marker used for sorting in individual neurons of interest, for cell-specific transcriptome analysis (thus circumventing problems of shallow coverage seen in some cases with single-cell transcriptome analysis).
The issue here does not read as clearly as it might. Do the authors mean:

However, single-cell-specific promoters can also be used to express the enhanced brightness GFP marker used for sorting individual neurons of interest, for cell-specific transcriptome analysis (thus circumventing problems of shallow coverage seen in some cases with single-cell transcriptome analysis). (it is not exactly clear what the shallow coverage issue is—dim signal, getting buried among other signals—describe better)
Addressed

345 days. The plates should now be full of predominantly gravid worms and ready to use to harvest synchronized progeny.
Addressed

356 MYOB plates and grown at 20°C until hatched animals are at the desired larval stage.
Addressed

367 9.2 The supernatant is removed and add M9 is added up to 45mL and the tube is centrifuged
Addressed

406 Worm dissociation protocol was adapted from protocols from Miller lab, Murphy lab, & 407 Shaham lab. Useful to have protocol references here.
Addressed

381 DTT treatment: resuspend pellet with SDS-DTT spin at 14,000 rpm on a add space

430 Section 10.3. The cell numbers here are a bit confusing: From one GFP+ sample we sort ~50,000 cells into egg buffer for 430 microscopy validation of sorting.
This seems like a LOT of GFP cells to look at for microscopy validation—are these numbers correct, is there a reason?
Addressed

454 polish around the perimeter of the cover slip. After the nail polish has dried, check under an inverted fluorescent microscope that the sorted cells are GFP + neurons.
Addressed

457 add institution for Dr. Miller
Addressed

509 add institute and full name for Dr. Rongo
Addressed

519 C. elegans in italics
Addressed

531 recover and survive
Addressed

538 reproduced no capital
Addressed

575 rely on
576 animal's

Addressed

Figures 1A possibly could look better of blue glial cell boundary was extended up and down

1B right most panel, red arrow looks like it highlights a viable cell
Addressed


Figure 2—cells might be better visualized with a faint thin dashed line around them?

2B some fluorescence appears outside the cell boundary—is there a cleaner image?
Addressed

Table description section has phrases with and without periods, be consistent
Addressed

ON genotype—check for uniform nomenclature on fusions: odIs122[P glr-1 ::TOM-20(N-terminus)::mCherry, ttx-3::rfp] X
4 pzIs29 [Pglr-1:: NLS::LAC‐Z::GFP::glr‐1 3'UTR] X
Addressed


Reviewer #3: 
Manuscript Summary:
The present manuscript focuses on methods to quantitatively and effectively analyze excitotoxic necrotic events in the C. elegans neurons. Using their own strain which harbors both a glutamate transporter KO and a sensitizing genetic background by a transgene, authors shows an increased necrosis in developing animals. This probably makes easy to identify novel genetic or external factors which affect neuronal necrosis. Authors also shows other two protocols for the analysis of mitochondria structure and gene expression profile, probably related to the onset of necrosis. The novelty and efficacy of these latter two approaches are not high as authors simply describe the usual procedure for analysis. At the same time, the data from suggested methods are quite hard for readers to conduct similar experiments. Additional figures or explanations to show the benefits of their approach for necrosis study.

Major Concerns:
Authors describe the methods for the observation of mitochondria structure in neuronal cells. Using fluorescent labeled strains, mitochondria are visualized and classified into three categories to evaluate the induction of necrosis. Following to this protocol, it is true that the mitochondria structures can be observed, as authors show in Figure 2. However, is there any way to improve or to accelerate this usual observation? 
Addressed , added more details
What is the point to perform this observation in efficacy? 
Addressed 
Authors should include some helpful points to perform this observation easily but accurately. 
Addressed 
In addition, the structures of mitochondria are quite dynamic and variable in the cell. The example pictures in Fig. 2A are one example and not easy for me to classify other examples into the three categories. Authors should add several examples and explain how the classification can be performed with efficiently but quantitatively.
Addressed, we added further description

The similar concern is raised against the FACS protocol. What is the important point to follow suggested protocol? Are there any effective points leading a successive experiment for readers? If there, authors should strengthen or highlight such valuable points or options.
Addressed

Minor Concerns:
1. Line 156, authors describe two medias for the culturing of worms. It is helpful to explain the reason or advantage to prepare the MYOB media.
Addressed
2. Line 206, authors explain the method to observe necrosis in living animals on coverslip. I am wondering how long worms can be alive on coverslip. Authors should notice suitable number of worms on a coverslip and the maximum period for healthy condition of animals.
Addressed

3. Line 266, authors explain microscopic equipment to observe mitochondria structures, by epifluorescent or laser confocal microscopy. It is easily speculated that a laser confocal microscopy give us a fine structure of intracellular organelles. Is it possible to promptly classify three structures by using conventional epifluorescent microscopy? If so, why do authors use a laser confocal microscopy? Authors should explain which one is better for easy classification.
Addressed

4. Line 380, authors shows an optional for unsuccessful dissociation. It is not clear that this option will be done before step 9.3, or before 9.4. In either way, do authors mean that the same procedure should be performed by collecting worms and repeat this protocol with addition of option? Please add helpful explanations for readers.
Addressed

5. Line 547, Please indicate what neurons are indicated in Figure 2.
Addressed

6. In Figure 2, please indicate the microscopy acquiring these images. In addition, fragmented mitochondria seem to be located in the nucleus. If this is the case, please describe more detailed patterns of the three classifications.
Addressed
7. In Figure 3, the panel C is not so high quality, especially it is hard to find cells in the image of 'unsorted cells'. Please use clearer image or mark cells in the image.
Addressed

