[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 61396
Scriptwriter Name: Bridget Colvin 
Project Page Link: https://www.jove.com/account/file-uploader?src=18725828

Title: In Vitro Neuromuscular Junction Induced from Human Induced Pluripotent Cells 

Authors and Affiliations: Chuang-Yu Lin1,*, Michiko Yoshida1,2, Li-Tzu Li3, and Megumu K. Saito1

1Department of Clinical Application, Center for iPS Cell Research and Application (CiRA), Kyoto University
2Department of Pediatric, Kyoto Prefectural University of Medicine
3Graduate Institute of Clinical Medicine, Taipei Medical University

☒   All author names are spelled correctly, and the affiliations are correct (city/state/country information not included in video title page).

Corresponding Authors:
Megumu K. Saito 
msaito@cira.kyoto-u.ac.jp 

Chuang-Yu Lin 
chuangyuck@gmail.com 

Co-authors: 
michi@koto.kpu-m.ac.jp 
litzulias@gmail.com 

[bookmark: _Hlk25233958]





Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
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. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please 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. Chuang-Yu Lin: This human NMJ induction system is done in a single culture dish. In the one month culture, the NMJ contains pre- and post- synaptic components, including motor neurons, skeletal muscle and Schwann cells. [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: What is the main advantage of this technique?

1.2. Chuang-Yu Lin: This method can generate matured human NMJ. Not only the complex NMJ structure can be obtained in a single culture dish without co-culturing, but also the NMJ display contraction ability. [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Chuang-Yu Lin: This method has promising potential for studying pathological mechanisms of muscle contraction disability diseases such as SMA and for therapeutic compound screening. [1]. 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.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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.[1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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.[1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Why is visual demonstration of this method critical?

1.6. Chuang-Yu Lin: The differentiated NMJ is a very thick complex tissue and is difficult to visualize. Through visual demonstration we can provide readers how to picture specific structures. [1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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][2].

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. Current script of protocol: 14 steps, 26 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. Induced Pluripotent Stem Cell (iPSC) Culture
2.1. To set up an induced pluripotent stem cell culture, seed 4 X 105 stem cells in Authors: In what volume of what medium? 2mL of iPSC medium onto individual glass coverslips in each well of an extracellular matrix-coated 6-well plate [1-TXT] and place the plate in the cell culture incubator Authors: For how long? For 2-3 days[2].
2.1.1. WIDE: Talent adding cells to well(s), with medium container visible in frame TEXT: See text for all medium and solution preparation details
2.1.2. Talent placing plate into incubator
2.2. At the end of the incubation, wash the cells with Authors: What volume of 3mL PBS [1] before adding 1 milliliter of cell detachment solution to each well [2].
2.2.1. Well being washed, with PBS container visible in frame
2.2.2. Talent adding solution to well(s), with solution container visible in frame
2.3. After 10 minutes at 37 degrees Celsius, add 3 milliliters of primate embryonic stem cell medium to each well [1] and gently pipette three times to dissociate the cells from the coverslips [2].
2.3.1. Talent adding medium to well(s), with medium container visible in frame
2.3.2. Medium being pipetted
2.4. Next, pool the detached stem cell-containing supernatants into a 50-milliliter conical tube for centrifugation [1-TXT] and resuspend the stem cell pellet in 3 milliliters of fresh primate embryonic stem cell medium supplemented with 10-micromolar Y27632 (Y-two-seven-six-three-two) ROCK (rock) inhibitor for counting [2].
2.4.1. Talent adding supernatant to tube(s) TEXT: 5 min, 160 x g, 4 °C
2.4.2. Shot of pellet if visible, then medium being added to tube, with medium and Y27632 containers and hemacytometer visible in frame
2.5. Then dilute the cells to a 2 x 105 cells/milliliter of medium supplemented with ROCK inhibitor concentration [1] and return 2 milliliters of cells to each coverslip in each well of the extracellular matrix-coated 6-well plate [2].
2.5.1. Talent adding medium to tube, with medium and inhibitor containers visible in frame
2.5.2. Talent adding cells to well(s)
3. iPSC Differentiation
3.1. After 24 hours, replace the supernatant in each well with 2 milliliters of fresh primate embryonic stem cell medium supplemented with 1 microgram/milliliter of doxycycline [1] and return the plate to the cell culture incubator Authors: for how long? For 24 hours [2].
3.1.1. WIDE: Talent adding medium to well(s), with medium and doxycycline containers visible in frame
3.1.2. Talent placing plate into incubator
3.2. At the end of the incubation, replace the supernatants with 2 milliliters of differentiation medium supplemented with doxycycline per well [1] and return the plate to the cell culture incubator for 10 days [2-TXT].
3.2.1. Talent adding medium to well(s), with medium and doxycycline containers visible in frame
3.2.2. Talent placing plate into incubator TEXT: Refresh medium daily
3.3. At the end of the incubation, replace the supernatants with 2 milliliters of myogenic differentiation medium supplemented with doxycycline per well [1] and return the plate to the cell culture incubator for an additional 10 days [2-TXT].
3.3.1. Talent adding medium to well(s), with medium and doxycycline containers visible in frame
3.3.2. Talent placing plate into incubator TEXT: Refresh medium daily
3.4. At the end of the incubation, replace the supernatants with 2 milliliters of neuromuscular junction medium supplemented with doxycycline per well [1] and return the plate to the cell culture incubator for 30 days [2-TXT].	Comment by Microsoft Office User: There is no Doxycycline in NMJ medium
3.4.1. Talent adding medium to well(s), with medium and doxycycline containers visible in frame
3.4.2. Talent placing plate into incubator TEXT: Refresh medium every 3-4 d
3.5. At the end of the incubation, visualize the differentiated neuromuscular junctions by inverted microscopy [1].
3.5.1. Talent at microscope, looking at cells
4. Muscle Contraction and Curare Treatment
4.1. To trigger the myotube contractions, add 25-millimolar calcium chloride to each well of differentiated neuromuscular junction cells [1] and, within 1-2 minutes of treatment, place the plate on the stage of an inverted microscope [2].
4.1.1. WIDE: Talent adding CaCl2 to well(s), with CaCl2 container visible in frame
4.1.2. Talent placing plate onto microscope stage
4.2. Using live cell microscopy, record a movie of the myotube contraction for Authors: For about how long? For 20 seconds [1].
4.2.1. Talent at computer, recording contraction, with monitor visible in frame
4.3. To stop the myotube contraction, stop the recording [1] and add 300 nanograms/milliliter of curare to the culture medium [2].
4.3.1. SCREEN: To be provided by Authors: Recording being stopped
4.3.2. Talent adding curare to well(s), with curare container visible in frame
4.4. Then record the movie for another Authors: for about how long? For 20 seconds [1] before opening the movie file in an appropriate motion vector analysis software program for analysis [2].
4.4.1. SCREEN: To be provided by Authors: Movie being recorded
4.4.2. Talent opening file in analysis software program, with monitor visible in frame





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. 
2.5, 3.1, 4.1, 4.2, 4.3 and 4.4

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.
2.5: The well attachment of stem cells on coverslip influences the outcome of differentiation. We can prepare more batches of samples to increase the success possibility.


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: 190. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.

5. Results: Representative NMJ Phenotypic, Morphological, and Functional Characterization

5.1. Immunofluorescence staining [1] of the neurofilaments synaptic vesicles [2] and acetylcholine receptors can be performed to identify the neurons [3].

5.1.1. LAB MEDIA: Figures 1B-1D
5.1.2. LAB MEDIA: Figures 1B-1D Video Editor: please emphasize green signal in Figure 1D 
5.1.3. LAB MEDIA: Figures 1B-1D Video Editor: please emphasize red signal in Figure 1D 

5.2. Motor neurons can be identified [1] by Tuj1 (T-U-J-one) and Islet 1 staining [2-TXT], while post-synaptic myotubes can be identified by staining for myosin heavy chain [3].

5.2.1. LAB MEDIA: Figures 1G-1I Video Editor: please emphasize green signal in Figure 1G
5.2.2. LAB MEDIA: Figures 1G-1I Video Editor: please emphasize red signal in Figure 1H TEXT: Tuj1: class III beta-tubulin
5.2.3. LAB MEDIA: Figure 1G-1I Video Editor: please emphasize blue signal in Figure 1I

5.3. Schwann cells can be labeled with S-100 antibody in neuromuscular junction cultures [1].

5.3.1. LAB MEDIA: Supplementary Figure 2 Video Editor: please emphasize green signal in Supplementary Figure 2A

5.4. In these scanning electron microscopy images, the morphology of mature neuromuscular junctions can be observed [1], with clear visualization of the expanded axon terminals [2], axons [3] and muscle fibers [4].

5.4.1. LAB MEDIA: Figures 2A and 2B 
5.4.2. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize Axon terminal texts/regions indicated by axon terminal text
5.4.3. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize Axon texts/regions indicated by axon text
5.4.4. LAB MEDIA: Figures 2A and 2B Video Editor: please emphasize Mf texts/regions indicated by Mf text

5.5. Transmission electron microscopy can be used to visualize the mature ultrastructure of the neuromuscular components [1], including the pre-synaptic axon terminal with synaptic vesicles [2] and the post-synaptic region, which is separated by the synaptic cleft [3].

5.5.1. LAB MEDIA: Figures 2C-2E 
5.5.2. LAB MEDIA: Figures 2C-2E Video Editor: please emphasize Sv texts/regions indicated by Sv text and red arrow heads
5.5.3. LAB MEDIA: Figures 2C-2E Video Editor: please emphasize Sc texts/regions indicated by Sc text and pink arrows

5.6. Junctional folds mark the junction between the neuron and muscle fibers [1].

5.6.1. [bookmark: _GoBack]LAB MEDIA: Figures 2C-2E Authors: There does not appear to be either Jf text or a yellow dotted line in Figure 2C. The Jf labelling maybe not clear, it’s at the lower position of yellow dotted line. 

5.7. Here mature axon terminals that contain synaptic vesicles are shown [1].

5.7.1. LAB MEDIA: Figures 2C-2E Video Editor: please emphasize yellow arrows

5.8. Taken together, these morphological features indicate that the neuromuscular components were well induced and matured [1].

5.8.1. LAB MEDIA: Figures 2C-2E

5.9. Functional assessment of the cells reveals that prominent neuromuscular junction motion signals prominent can be induced calcium chloride [1] and that these contractions be interrupted by curare, confirming that the motor neuron signals are transmitted through the neuromuscular junction to trigger muscle contraction [2].

5.9.1. LAB MEDIA: Supplemental Movie 1: 00:00-00:05
5.9.2. LAB MEDIA: Supplemental Movie s: 00:00-00:07
Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements below.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken 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.
6.1. Chuang-Yu Lin: 2.5. the seeding cell density will influence the efficiency of NMJ formation. Researchers can modify it to adapt experimental purposes. [1].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.5) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. 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. [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Chuang-Yu Lin: This NMJ culture contains multiple cell types of NMJ components. It can be applied to study interactions among these cells during NMJ developments and disease pathologies.  [1].

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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