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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.4.1., 2.7.1., 3.9.1., 4.3.1.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4.2., 3.6. The most difficult aspect of this protocol is learning how to handle and cut the cells quickly enough that sufficient numbers of operations can be performed for a typical experiment. Initially, this can seem intimidating and so researchers will perform the steps very slowly.  It is important that viewers feel confident that they can learn to cut cells in half in a few minutes by cutting with needle parallel to the cutting surface and checking the fragments to make sure they are completely cut and contain macronuclear nodes.
E. Will the filming need to take place in multiple locations? Y, 2 rooms located approximately 30 feet apart
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this protocol is to grow Stentor for their use as a model organism to study regeneration at the single cell level. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Wallace F. Marshall: This method can help answer key questions in the cell biology field, such as how does a cell build structures from discrete parts?
1.2. Athena Lin: The main advantages of Stentor are that they are single cells that can regenerate and that they are big enough to perform surgery on.  

C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 

1.3. Ulises Diaz: Generally, the challenging part of this protocol is that people are used to working with cells as large populations rather than as individuals.   

Protocol: (read by voice talent at JoVE)
2. Stentor Culture Establishment
2.1. Begin by searching for Stentor sample-containing Petri dish under a stereomicroscope using oblique light at a 5X magnification [1-WIDE-TXT].

2.1.1. Talent at microscope, looking for cells (TEXT: See text for wild Stentor collection details)

2.2. Note that Stentor cells exhibit a trumpet-like shape when they are attached to a substrate [1-LM], while non-attached, swimming Stentor cells are less extended in appearance [2-LM].

2.2.1. Authors: please upload the image from Figure 1 as a new unflattened .ai or .psd file (or without the lines and text labels) through the submission link: show image only/no labels

2.2.2. Video1.mp4: no animation

2.3. Using 1 mL pipette, transfer individual Stentor cells [1-SCOPE] into the well of a glass spot plate containing at least 100 microliters of commercially available pasteurized spring water [2-MED].

2.3.1. Stentor cell being collected (Author Comment: The video for this can be cut and used at 2.9.1) (Editor: If this footage looks good, feel free to use it here, and for 2.9.1)
2.3.2. Talent adding Stentor to well, with PSW container visible in frame
2.4. Then remove about 90% of the water in the well without removing the Stentor cells [1-CU] and add 500 microliters of fresh pasteurized spring water to the well three times to wash the cells [2-CU].

2.4.1. PSW being removed

2.4.2. Fresh PSW being added, with PSW container label visible in frame

2.5. To feed the cells, first transfer a 1-mL aliquot from a Chlamydomonas culture into a 1.5 mL microcentrifuge tube for centrifugation at 2,095 x g for 3 minutes at room temperature [1-MED-TXT].
2.5.1. Talent adding to tube Chlamydomonas, with culture container visible in frame (TEXT: See text for Chlamydomonas culture preparation details)
2.6. Resuspend the pellet in 1 mL of pasteurized spring water for a second centrifugation [1-CU] followed by resuspension in 500 microliters of pasteurized spring water [2-MED].
2.6.1. Shot of pellet if visible, then pellet being resuspended, with PSW container label visible in frame Remove supernatant then, talent adds PSW to tube, with PSW container visible in frame
2.6.2. Talent adding PSW to tube, with PSW container visible in frame Shot of pellet if visible, then pellet being resuspended, with PSW container label visible in frame
2.7. If a clonal Stentor culture is needed, transfer 500 microliters of conditioned medium per culture to individual wells of a glass spot plate [1-MED-over the shoulder-TXT] and transfer one Stentor cell into each well of medium [2-CU].
2.7.1. Talent adding medium to well, with media container visible in frame (TEXT: See text for all medium/reagent preparation details)
2.7.2. Stentor being added to at least one well 
2.8. Feed each Stentor culture 5 microliters of the prepared Chlamydomonas every 48 hours [2.8.2] and keep the cultures in a shaded area [2.8.1-MED-TXT]. Count the number of new Stentor cells before each feeding [3-LM/MED] and adjust the volume of delivered Chlamydomonas accordingly [4-MED-TXT].
2.8.2. Chlamydomonas being added to one well, with Chlamydomonas culture container visible in frame (Author Comment: The order is switched. We usually feed and then keep stentor in a shaded area.)
2.8.1. Talent placing culture into shaded area (TEXT: Stentor are light sensitive)
2.8.2. Chlamydomonas being added to one well, with Chlamydomonas culture container visible in frame (Move above 2.8.1)
2.8.3. *To be provided by Authors: Shot of Stentor in one well (Video Editor: please number Stentor as if they were being counted) OR Talent at microscope, counting Stentor
2.8.4. Talent adjusting volume on pipette, with Chlamydomonas culture container visible in frame (TEXT: i.e., 5 microliters prepared Chlamydomonas/Stentor cell)
2.9. Every 96 hours, gently pipette the culture medium a few times to detach the Stentor from the meniscus of each well [1-CU] and use a 1 mL-pipette to carefully aspirate the media from the wells without removing any cells [2-ECU].
2.9.1. One well being pipetted (Author Comment: 2.9.1 and 2.9.2 are the same thing. Extra video will provide clarity) (Editor: See note from 2.3.1)
2.9.2. Media being aspirated
2.10. Then add 500 microliters of fresh conditioned media to each well [1-MED-over the shoulder].

2.10.1.  Talent adding medium to well(s), with medium container visible in frame 

2.10.2. [Added Shot]: Talent adding PSW to jar, with PSW container visible in frame (TEXT: Estimate density visually) (Author Comment: This was also originally filmed at 2.14.5. Here makes more sense.) (Editor: The authors did not provide any additional VO for this shot, so I would omit it for now. The VO for the mentioned shot – 2.14.5, which isn’t a shot (they meant 2.14.4) – doesn’t make sense here.)
2.11. When the number of cells in at least one well exceeds 20, add 20 mL of pasteurized spring water to an autoclave-sterilized, wide-mouth glass jar [1-MED] and carefully detach the Stentor cells from the bottom of each well as demonstrated [2-CU].
2.11.1.  Talent adding PSW to jar, with PSW container visible in frame
2.11.2.  One well being pipetted (Author Comment: This is a similar protocol to 2.9, where the Stentor at the top of the meniscus is being detached, I will provide an extra video of it.)
2.12. Collect all of the Stentor cells with a 1-mL pipette tip [1-ECU] and gently transfer the cells to the glass jar [2-CU-TXT].
2.12.1.  Stentor being collected
2.12.2.  Stentor being added to jar (TEXT: Do not tighten lid to allow sufficient air access)
2.13. Add fresh pasteurized spring water to the jar every 48 hours to keep the Stentor density to about 20 cells/mL [1-MED-TXT] and feed the Stentor cells with 200-1000 microliters of prepared Chlamydomonas [2-CU-TXT].
2.13.1. Talent adding PSW to jar, with PSW container visible in frame (TEXT: Estimate density visually) 

2.13.2.  Chlamydomonas being added to jar, with Chlamydomonas culture container visible in frame (TEXT: Increase Chlamydomonas volume as Stentor volume increases)
2.14. When the culture volume reaches about 90% of the jar’s capacity [1-CU], transfer the entire contents of the jar into a 2-cup glass container [2-MED], feeding the high-volume Stentor cultures 2 mL of prepared Chlamydomonas per 100 mL of culture [3-CU] and adding pasteurized spring water to the culture every 4-5 days to keep the Stentor density at about 20 cells/mL [4-MED].
2.14.1.  Shot of jar volume at about 90%

2.14.2.  Talent pouring contents into 2 c container

2.14.3.   Chlamydomonas being added to container, with Chlamydomonas culture container visible in frame
2.14.4.  Talent adding PSW to jar, with PSW container visible in frame
2.14.5. [Added Shot]: Talent putting large culture in the shade. (Editor: I don’t see VO connecting to this added shot, so I’d omit it for now)
2.15. Once a week, inspect the cultures under a 5X dissecting microscope for rotifers, fungus, and other growth [1-LM], using a 1-mL pipette to remove any contaminating microorganisms along with any abnormally-shaped and colorless Stentor cells [2-LM/ECU].
2.15.1.  *To be provided by Authors: Shot of rotifers/fungus/growth

2.15.2.  *To be provided by Authors: Microorganisms being aspirated OR microorganisms being aspirated (Author Comment: We don’t normally have these but we do now, please look for provided media.)
2.16. Split the culture when the glass container is about 90% full [1-CU], adding 25 mL of pasteurized spring water to the culture [2-MED] and using a 50-mL pipette to detach the Stentor from the glass as demonstrated [3-CU]. 
2.16.1.  Shot of 90% full container

2.16.2.  Talent adding PSW to new 2 c container, with PSW container visible in frame [Shots 2.16.2, 2.16.3, and 2.17.1 combined]
2.16.3.  Stentor being pipetted

2.17. Then move about 50% of the culture into a new 2-cup glass container [1-MED].
2.17.1.  Talent adding culture to new container

3. Regeneration Induction
3.1. To induce regeneration by cell fragmentation, first use a needle puller to make several needles from capillary tubes [1-WIDE].
3.1.1. Talent pulling at least one needle
3.2. Next, collect one healthy Stentor with a defined trumpet shape, vibrant blue-green color, and no large vacuoles in a 2-microliter droplet [1-LM].
3.2.1. Figure 1: no animation 
3.3. Place the droplet on a slide [1-MED] and slow the motion of the Stentor with 2 microliters of freshly-prepared 4% methylcellulose [2-CU].
3.3.1.  Talent adding droplet to slide
3.3.2. Methylcellulose being added to slide (Author Comment: Video 2)
3.4. Place the droplet under a dissecting microscope [1-MED] and hold the glass needle as parallel to the cutting surface as possible to prevent needle breakage [2-LM-TXT].
3.4.1. Talent placing droplet under microscope
3.4.2. *To be provided by Authors: Needle being placed parallel to cutting surface (TEXT: Wait for Stentor to slow before cutting) (Author Comment: We provided a picture since you can’t see the dissection without the microscope.)
3.5. Gently press the contracted Stentor with the side of the needle to split the anterior end of the cell from the posterior end of the cell [1-LM].
3.5.1. Video3.mov: no animation 
3.6. Using oblique illumination, confirm that both of the fragments have at least one macronuclear node [1-LM] and move the fragments into individual wells of a glass spot plate [2-CU].
3.6.1. *To be provided by Authors: Shot of macronuclear nodes in each fragment
3.6.2. At least one fragment being placed into well
3.7. To induce membraneller band and oral apparatus regeneration, use a 1-mL pipette to transfer 30-60 Stentor cells in 1 mL of culture medium into a microcentrifuge tube [1-MED] and use a 200-microliter pipette to collect all of the cells from the tube in a single, 125-microliter-volume draw [2-CU].
3.7.1. Talent adding cells to tube
3.7.2. Cells being aspirated
3.8. Dispense the cells into a tube containing 500 [1-MED] microliters of freshly-prepared 25% sucrose and start a stopwatch [2-CU].
3.8.1. Talent adding cells to tube, with sucrose container visible in frame
3.8.2. Stopwatch being started
3.9. After flick-spinning the cells in the tube in the rack for one minute [1-CU], collect all of the cells in a single, 200-microliter draw [2-MED] and hold the cells in the pipette tip until the stopwatch displays 2 minutes and 15 seconds of sucrose treatment [3-CU][4-CU].
3.9.1. Tube being flick-spinned
3.9.2. Talent aspirating cells
3.9.3. Cells being held in pipette tip
3.9.4. Stopwatch time running up to 2:15 (Video Editor: please use as inset with 3.9.3.)
3.10. Then eject the Stentor into a microcentrifuge tube containing 1 mL of pasteurized spring water for three flick-spin-washes [1-MED-TXT].
3.10.1.  Talent adding cells to tube in rack (TEXT: Change tubes between washes)
4. Cell Regeneration Imaging and Analysis
4.1. To image the regeneration, add 100 microliters of pasteurized spring water into one well of a glass spot plate [1-WIDE] and use a 20-microliter pipette tip to collect one Stentor cell in 4 microliters of culture media [2-CU].
4.1.1. Talent adding PSW to well, with PSW container visible in frame
4.1.2. One cell being collected
4.2. Deposit the droplet into the middle of a 22 x 22 mm2 coverslip [1-MED-over the shoulder] and place 4 more droplets around the previous droplet [2-CU-TXT].

4.2.1. Talent adding droplet to coverslip

4.2.2. Last 1-2 droplets being added, with other droplets already visible in frame (TEXT: Drops should not touch each other)

4.3. Invert the coverslip and gently place it over the well with pasteurized spring water [1-MED].

4.3.1. Talent inverting and placing coverslip (Videographer: Split action into separate shots as necessary)

4.4. Then image the regenerating cells under a light microscope with the appropriate time resolution [1-MED] and plot the percentage of cells in each of the regeneration stages at each time point in a stacked box plot [2-LM].
4.4.1. Talent at computer imaging cells, with microscope monitor visible in frame if possible
4.4.2. Figure7.pdf: no animation
5. Results: Representative Regeneration Analysis
5.1. Measuring the regeneration time after cell cutting and sucrose treatment reveals an hour-long spread in the time taken by the population of cells to reach any particular stage [1-LM], demonstrating the temporal heterogeneity of the regeneration process within a given population of regenerating cells [2-LM].
5.1.1. Figure 7.pdf: please sequentially add/indicate data lines

5.1.2. Figure 7.pdf: no animation
5.2. During stage 1 of regeneration, which occurs immediately after the sucrose washout, the Stentor cells look like teardrops without any membranellar banding [1-LM].

5.2.1. Authors: please upload the images from Figure 6 together in one unflattened .ai or .psd file (or without the arrows and dotted lines) without the A-E labels through the submission link: add/indicate top left image

5.3. After 3-6 hours, a membranellar band appears. This stage, Stage 2, lasts another 3-4 hours [1-LM].
5.3.1. Figure 6: add/indicate top middle image and add/indicate dotted line as in original Figure 6

5.4. Stage 3 occurs when an oral primordium appears at the posterior end of the membranellar band [1-LM] and both structures start moving toward the anterior end of the cell. This stage lasts for 1-2 hours [2-LM].
5.4.1. Figure 6: add/indicate top right image and add/indicate arrow and dotted line in top right image as in original Figure 6

5.4.2. Figure 6: add/indicate bottom left image and add/indicate dotted line and arrow in bottom left image as in original Figure 6

5.5. When both the membranellar band and the oral apparatus reach the anterior end of the cell [1-LM], the regeneration is complete and the cell will have adopted the characteristic Stentor trumpet-like shape [2-LM].
5.5.1. Figure 6: add/indicate bottom right image and add/indicate arrow as in original Figure 6

5.5.2. Figure 6: please outline triangle-shaped Stentor 

6. Conclusion (said by authors on camera):
6.1. Athena Lin: These techniques can be mastered easily. 

6.2. Wallace Marshall: After watching this video, you should have a good understanding of how to culture Stentor and to initiate and quantify their regeneration.  
6.3. Ulises Diaz: While attempting this procedure, it’s important to remember to be patient. Stentor take 3-5 days to divide in culture and identifying the Stentor regeneration stages takes at least one round of practice. 

6.4. Athena Lin: Following this procedure, other methods, like automated imaging, can be performed to maintain consistency and to eliminate human bias between experiments.  
6.5. Athena Lin: This technique will pave the way for researchers in the field of cell biology to study regeneration in Stentor.

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. Figure2.tif - dual color imaging of tumor angiogenesis at 100X
Formats: For static images, we prefer .tiff, .eps, Illustrator, PowerPoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi. The higher resolution, the better. Likewise, any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files. 
2.2.1. Figure1.ppx – image of Stentor
2.2.2. Video1.mp4 – Video of healthy Stentor culture
3.5.1. Video3.mov – Video of cutting Stentor
5.1.1. Figure7.pdf – Stacked bar graph of Stentor regeneration in stages

5.1.2. Figure7.pdf – Stacked bar graph of Stentor regeneration in stages

5.2.1. Figure6.ppx – Stentor regeneration images

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.  

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples. 
All tubes/flasks should be pre-labeled neatly before we arrive. 
Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions in the email accompanying the finalized script.
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