[image: ]DRAFT: DO NOT USE FOR FILMING


Submission ID #:  61958
Scriptwriter Name: Domnic Colvin
Project Page Link: https://www.jove.com/account/file-uploader?src=18897238

Title:   Live Animal Imaging and Cell Sorting Methods for Investigating Neurodegeneration in a C. elegans Excitotoxic Necrosis Model

Authors and Affiliations: 
Zelda Z Mendelowitz1,2*, Adem Idrizi1*, Itzhak Mano1,2

1	Cellular, Molecular, and Biomedical Science, CUNY School of Medicine
City College of New York (CCNY), The City University of New York (CUNY)
2	PhD Program in Biology, The CUNY Graduate Center

☐   All author names and affiliations are correct.

Corresponding Authors: 
[bookmark: _Hlk25233958]Itzhak Mano		(imano@med.cuny.edu)

Email Addresses for All Authors: 
zmendelowitz@gradcenter.cuny.edu
aidrizi@ccny.cuny.edu
imano@med.cuny.edu






Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.
 


To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  20
Number of Shots:  50

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Why is visual demonstration of this method critical?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.7.1. INTERVIEW: Author saying the above. 
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.8. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Quantification of degenerating head neurons by Nomarski differential interference contrast (DIC) and scoring 

2.1. Grow the nematode excitotoxicity strain as the experimental control for quantification, representing normal excitotoxicity levels [1-TXT]. Grow the test strains from a recently completed genetic cross or by thawing the strain of interest from frozen stocks prepared from fresh crosses [2]. 
2.1.1. Experimental strains on agar plate. TEXT: ZB1102: glt-3(bz34) IV; nuIs5 V
2.1.2. Talent taking a frozen stock out of the freezer.

2.2. Cut and remove a small piece of agar from a plate of a mixed-stage population of well-fed animals [1]. Mount it onto a coverslip by flipping the agar chunk over, so that the animals face the coverslip [2].
2.2.1. Talent cutting a small piece agar from the plate of animals in mixed stage population.
2.2.2. Talent mounting the agar chunk on the coverslip.

2.3. Scan the animals at random by sliding the coverslips under an inverted DIC scope with a 10x, 40x, or 63x objective lens [1] 
2.3.1. Talent scanning the coverslip under DIC scope.

2.4. Identify the developmental stage of each animal by the shape of its uterus [1]. Record the total number of dying neurons in the head, retrovesicular ganglion, and tail [2]. 
2.4.1. SCOPE: Representative animal with the uterus shape visible. Authors: Will you need a scope kit to film this?
2.4.2. Talent recording the number of dying neurons.

2.5. Record this data in a table where animals from a given strain are grouped by categories of developmental stage [1]. For each strain, calculate the average and SEM of the number of degenerating neurons in the head in each developmental stage [2]
2.5.1. Talent recording the data in a table.
2.5.2. Talent calculating the average and SEM of degenerating neurons.

3. Live imaging of neuronal mitochondrial morphology by fluorescent microscopy of reporter strains
3.1. Cross the test excitotoxicity strain with strains that label mitochondria of postsynaptic neurons with red mito-mCherry fluorescence [1].
3.1.1. Talent making a cross of test and labelled mitochondrial strain.

3.2. To paralyze the worm without affecting neuronal survival, pipette 5 microliters of 10 millimolar tetramisole onto a freshly prepared agarose pad [1].
3.2.1. Talent pipetting tetramisole on the pad.

3.3. Place the animals on the center of the tetramisole drop [1] and mount with a coverslip [2]. Seal the sides of the coverslip with nail polish [3] and allow it to dry [4].
3.3.1. Talent placing the animals at the center of the drop.
3.3.2. Talent covering the top with coverslip.
3.3.3. Talent applying nail polish at the sides of the coverslip
3.3.4. Talent drying the nail polish.

3.4. Within 20 minutes of tetramisole treatment, observe and locate worms using the scope with DIC and fluorescence imaging [1]. Once the head or the neurons of interest is located, move to a 100x oil objective [2] and focus on the fluorescence labeling of the mitochondria in the soma [3]. 
3.4.1. Talent observing the worms using scope with DIC and fluorescence imaging.
3.4.2. SCOPE: Talent locating the head, switching to 100x oil objective, and focusing on the fluorescence labelled mitochondria.

3.5. Capture Z-stack images using the DIC, GFP, and Texas Red filter settings [1].
3.5.1. Talent capturing Z-stack images using different filter settings.

4. Neuronal mitochondria morphology scoring and quantification 
4.1. Analyze the morphology of the mitochondria using ImageJ or other imaging software [1]. Identify the neurons for repeated analysis and categorize mitochondria into three main groups: filamentous, intermediate, and fragmented [2].
4.1.1. Talent opening the images in ImageJ.
4.1.2. SCREEN: neurons identified and mitochondria categorized. Authors: Would you like to provide a screen capture video for this?

4.2. Score the percent of neurons with filamentous, intermediate, and fragmented mitochondria for each worm [1].
4.2.1. SCREEN: The percent of neurons with different types of mitochondria calculated.

5. Whole worm cell dissociation for FACS
5.1. For cell dissociation, resuspend the washed worm pellet with SDS-DTT using twice the volume of the pellet to disrupt the cuticle [1-TXT] and incubate the sample with rocking at room temperature for 4 minutes for the L2-adult stage [2-TXT].
5.1.1. Talent adding SDS-DTT to the worm pellet. TEXT: SDS-DTT- Sodium dodecyl sulfate-Dithiothreitol
5.1.2. Talent incubating the tube in the rocking machine at RT. TEXT: Do no exceed 4 minutes incubation

5.2. Add 1 milliliter of 1x egg buffer to stop the SDS-DTT treatment [1] and spin at 14,000 rotations per minute on a tabletop centrifuge [2]. Remove the supernatant [3].
5.2.1. Talent adding 1x egg buffer to the tube.
5.2.2. Talent spinning the tube.
5.2.3. Talent removing the supernatant.

5.3. Resuspend the pellet with pronase solution using the triple volume of the pellet [1] and incubate at room temperature for 15 to 30 minutes [2]. Pipette up and down 40 times every 5 minutes with a P-200 or P-1000 pipette, touching the filter-tip to the bottom of tube [3].
5.3.1. Talent adding pronase solution to the pellet.
5.3.2. Talent incubating the tube at RT.
5.3.3. Talent mixing the solution with filter pipette tip.

5.4. After 15 minutes, gently pipette 5 microliters on a glass slide [1] and observe the progress of the worm dissociation under a dissecting microscope [2]. Extend the pronase incubation until 90% of the intact worms have burst [3].
5.4.1. Talent pipetting the solution drop on a glass slide.
5.4.2. Talent observing the specimen under dissecting microscope.
5.4.3. SCOPE: 90% of the intact worms that have burst.

5.5. Add 1.5 milliliters of 1x egg buffer to the solution, in a culture hood, to stop the pronase treatment [1]. Transfer the solution to FACS tubes [2].
5.5.1. Talent adding 1x egg buffer to the solution in a culture hood.
5.5.2. Talent transferring the solution in FACS tubes.

5.6. Add 5 milliliters more of egg buffer [1] and spin at 800 times g for 5 minutes [2]. Remove the supernatant [3] and resuspend in 3 milliliters of egg buffer [4].
5.6.1. Talent adding egg buffer in FACS tube.
5.6.2. Talent spinning the solution.
5.6.3. Talent removing the supernatant.
5.6.4. Talent adding egg buffer.

5.7. Place 70-micrometer cell strainer caps on new FACS tubes [1] and pipette cell suspension on strainer [2]. Then, spin at 800 times g for 1 minute [3] and collect the efflux cell suspension [4].
5.7.1. Talent placing 70-μm cell strainer cap on new FACS tubes.
5.7.2. Talent pipetting the suspension on strainer.
5.7.3. Talent spinning the solution.
5.7.4. Talent collecting the suspension.

5.8. Place 5-micrometer cell strainer caps on new FACS tubes [1] and pipette the cell suspension on the strainer [2]. Spin again at 800 times g for 1 minute [3].
5.8.1. Talent placing 5-μm cell strainer cap on new FACS tubes.
5.8.2. Talent pipetting the suspension on strainer.
5.8.3. Talent spinning the solution.

5.9. Add DAPI for a final concentration of 0.5 micrograms per milliliter in egg buffer [1] and place the samples on ice with a lid or a cover to protect from light [2].
5.9.1. Talent adding DAPI to the cell suspension.
5.9.2. Talent placing the tube on ice and covering from light.
 



Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 200. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Visualization of neuronal mitochondria using a fluorescent reporter and fluorescence activated cell sorting of glr-1 expressing neurons

6.1. Degenerating neurons were observed using DIC and appear as swollen vacuoles, mostly near the nerve ring of the worm [1].
6.1.1. LAB MEDIA: Figure 1B. Video editor: focus on the red arrows.

6.2. The number of dying head neurons was significantly increased when the nuIs5 transgenic construct was combined with the glt-3 knock out [1]. This number was greatly reduced when all GluRs (pronounce ‘glue-R’s’) that contribute to Glu-induced currents in these cells were knocked out, suggesting Glu-dependent neurodegeneration [2].
6.2.1. LAB MEDIA: Figure 1C. Video editor: focus on the red and grey bar.
6.2.2. LAB MEDIA: Figure 1C. Video editor: focus on blue graph

6.3. Knockout of CREB/CRH-1 significantly increased the number of dying head neurons, demonstrating a conserved role in neuroprotection [1]. Authors: How do you pronounce CREB/CRH-1?
6.3.1. LAB MEDIA: Figure 1D. Video editor: focus on the grey bar graph and transition towards the green bar graph to show increase in number of dead/knockout neurons.

6.4. DIC and fluorescent imaging was used to observe filamentous mitochondria as continuous thin structures [1], intermediate mitochondria as a combination of at least one apparent filamentous network [2], and fragmented mitochondria with complete breaks in the mitochondrial network [3].
6.4.1. LAB MEDIA: Figure 2A. Video editor: focus on the blue dotted encircled area in the Filamentous images.
6.4.2. LAB MEDIA: Figure 2A. Video editor: focus on the blue dotted encircled area in the Intermediate images.
6.4.3. LAB MEDIA: Figure 2A. Video editor: focus on the blue dotted encircled area in the Fragmented images.

6.5. Degenerating neurons had a vacuolated appearance and exhibited robust fragmentation of mitochondria [1].
6.5.1. LAB MEDIA: Figure 2B.

6.6. Animals from synchronized cultures of control or worms transgenic for pzIs29 were dissociated into cells, and GFP-expressing neurons were collected by FACS [1].
6.6.1. LAB MEDIA: Figure 3A and 3B.

6.7. To validate the sorting gates, microscopy was used to screen for GFP expression in sorted neurons versus an unsorted C. elegans sample [1].
6.7.1. LAB MEDIA: Figure 3C.




Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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