[image: ] FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 59305
Scriptwriter Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=18088073 

[bookmark: _Hlk7615987]Title: Post-Differentiation Replating of Human Pluripotent Stem Cell-Derived Neurons for High-Content Screening of Neuritogenesis and Synapse Maturation

Authors and Affiliations: 
Barbara Calabrese1,2, Regina M. Powers1,2, Alexandria J. Slepian1,2, Shelley Halpain1,2

1Division of Biological Sciences, University of California, San Diego, La Jolla, CA, USA
2Sanford Consortium for Regenerative Medicine, La Jolla, CA, USA


Corresponding Author: 

Barbara Calabrese	(bcalabrese@ucsd.edu)
Shelley Halpain	(shalpain@ucsd.edu)

Email addresses for Co-authors: 

Regina M. Powers		(rmpowers@ucsd.edu)
Alexandria J. Slepian		(ajslepian@ucsd.edu)




Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
Can you record movies/images using your own microscope camera? Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? N
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2
2.3
2.4
2.5

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
N/A

5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Shelley Halpain: This protocol facilitates the use of human pluripotent stem-derived neurons for high content screening applications. It is particularly well-suited for assaying synapses, which in human neurons require lengthy culture periods. 

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

1.2. Shelley Halpain: We demonstrate the replating of neurons from large format dishes into HCS-compatible multiwells in a way that preserves their viability. Counterintuitively, we show that extending protease incubation prior to resuspending and replating yields improved neuronal survival.

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


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Barbara Calabrese: Human pluripotent stem cell (hPSC)-derived neurons are increasingly relevant in the areas of basic research, drug development, and regenerative medicine. 

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

1.4. Barbara Calabrese: This gentle trituration method could be used to resuspend any large monolayer of cells having a thick network of processes. In addition to human iPS cells, it could be used to re-plate cultures of primary neurons or to resuspend them for FACS sorting or single cell sequencing.   

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

1.5. Regina Powers: It is important to follow the protocol steps carefully and to frequently monitor the progress of the protease-mediated detachment of neurons from the plate. The optimal incubation time might vary a little, depending on the cultures. 

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

1.6. Regina Powers: Visual demonstration enables even inexperienced investigators reproduce this procedure.

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

1.6.2. 

Section - Protocol
2. Replating Differentiated Neurons 
2.1. Start by gently rinsing the plate of differentiated neurons with PBS [1]. Disperse the PBS down the wall of the plate and not directly onto the cells to avoid disrupting them [2]. Aspirate the PBS from the edge of the dish while tipping it, taking care not to touch the cells [3].
2.1.1. WIDE: Establishing shot of talent walking to the work station with plate of cells in hand. Videographer NOTE: DNU take 1. 
2.1.2. Talent carefully adding PBS to the plate. 
2.1.3. Talent carefully aspirating the PBS.
2.2. Apply at least 1 milliliter of proteolytic enzyme per 10-centimeter plate [1] and return the cells to the incubator for 40 to 45 minutes [2]. During the incubation, check neurons on a phase-contrast microscope and continue the protease treatment until the neural network completely detaches from the plate and starts to break apart [3]. Videographer: This step is important! 
2.2.1. Talent adding enzyme to plate. 
2.2.2. Talent putting plate in incubator. 
2.2.3. LAB MEDIA: Figure 1C. Video Editor: Only show the image on the left side (neurons detach as sheets).  Added a shot (2.2.3) Author NOTE: Use the new added shot taken during filming instead of the LAB Media Fig 1C Videographer NOTE: Take 5 is the best.
2.3. When the neurons have detached, stop digestion by adding 5 milliliters of fresh DMEM (pronounce ‘D-MEM’) media for every 1 milliliter of protease [1]. Use a serological pipette to gently triturate the cells against the plate 5 to 8 times, making sure not to apply too much pressure [2-TXT]. Videographer: This step is important!
2.3.1. Talent adding DMEM to plate. 
2.3.2. Talent gently triturating the cells. TEXT: Do NOT use a P1000 tip

2.4. Strain the cells through a 100-micrometer mesh into a 50-milliliter conical tube drop-by-drop [1] and rinse the strainer with an additional 5 milliliters of fresh DMEM (pronounce ‘D-MEM’) media [2]. Use a benchtop centrifuge to spin the cells down at 1,000 x g for 5 minutes [3]. Videographer: This step is important!

2.4.1. Talent straining cells. 
2.4.2. Talent rinsing strainer. 
2.4.3. Talent putting the cells in a centrifuge and starting it. 

2.5. After centrifugation, return the conical tube to the biosafety cabinet and aspirate most of the media, leaving 250 microliters to keep the cells moist [1]. Gently resuspend the cells in 2 milliliters of fresh DMEM (pronounce ‘D-MEM’) media and pass them through the end of a 5-milliliter serological pipette [2]. Finally, invert the tube 2 to 3 times [3]. Videographer: This step is important!

2.5.1. Talent aspirating the media at a biosafety cabinet. 
2.5.2. Talent gently resuspending cells. 
2.5.3. Added shot: talent inverts tube

2.6. Use a hemocytometer and trypan blue to count the viable cells [1] and then dilute the cells with fresh DMEM (pronounce ‘D-MEM’) to the desired concentration [2]. Add appropriate supplements to the tube depending on the requirements of the specific cell line [3] and gently mix the cells by tilting the conical tube 2 to 3 times [4].

2.6.1. Talent counting the cells. 
2.6.2. Talent diluting the cells. 
2.6.3. Talent adding supplements to the tube. 
2.6.4. Talent gently tilting the tube. 

2.7. Aspirate laminin coating from a 24-well plate and rinse it once with PBS [1]. Aspirate the PBS [2] and apply cell solution to each well in a figure 8 motion to avoid clumping [3-TXT]. When finished plating cells, return the plate to the incubator set at 37 C and 5% carbon dioxide [4].

2.7.1. Talent aspirating laminin from the plate and adding PBS. 
2.7.2. Talent aspirating PBS. 
2.7.3. Talent applying cell solution to a well. TEXT: Use P1000 pipette
2.7.4. Talent putting plate in incubator.
3. Cell Viability Assays After Replating 
3.1. Briefly vortex the stock solution of the early cell death reporter and add it to the wells according to manuscript directions [1]. Wait 20 minutes and then image the live cells on glass-bottom multiwells [2]. 
3.1.1. Talent adding cell death reporter to wells. 
3.1.2. Talent putting the plate under a microscope and imaging them.   


Author NOTE: new cropped versions Fig 6 labeled will be uploaded, which have been labeled as LAB MEDIA in the script.  These new uploaded files will be renamed as follows:
2-2-3_networkdetach.tif
5-1-2_highcontentscreening.tif
5-1-3_growthcone.tif
5-1-4_multielectrode.tif



Section – Results
4. Results: Replating of Differentiated hiSPC-derived Neurons
4.1. Replating differentiated neurons that have long, interconnected dendrites and axons can result in irreversible damage [1]. It has been demonstrated that prolonging incubation with proteolytic enzyme reduces cell death at the time of dissociation [2] as well as results in more efficient recovery over the following days [3]. 
4.1.1. Figure 1 A. 
4.1.2. Figure 1 C. Video Editor: Only show the two graphs on the right side. 
4.1.3. Figure 1 B. 
4.2. Using the extended enzyme incubation procedure, the cultures exhibit an approximate doubling of cell viability during the days after replating [1] and a lower density of dead or dying cells [2].
4.2.1. Figure 2 B. Video Editor: Only show the graph on the left.
4.2.2. Figure 2 B. Video Editor: Only show the graph on the right.
4.3. The transition phase of neuronal differentiation takes place over several days, during which the cells gradually express late-stage neuronal markers. These markers are immediately detected in cultures that were replated after 4 weeks of pre-differentiation [1].
4.3.1. Figure 3. 

4.4. The extended protease protocol also moderately enhances neurite outgrowth [1]. Both total neurite length [2] and dendrite growth are improved [3].

4.4.1. Figure 4 A.
4.4.2. Figure 4 B. Video Editor: Emphasize the first graph (neurite length). 
4.4.3. Figure 4 B. Video Editor: Emphasize the second graph (dendrite length).  

4.5. Replating is also useful for studying synapses [1]. Just one week after replating, markers for pre- and post-synaptic proteins were observed [2]. Moreover, electrical activity from spontaneous depolarization and synaptically driven currents is detectable using calcium imaging or multielectrode arrays [3].

4.5.1. Figure 5. 
4.5.2. Figure 5. Video Editor: Emphasize A.
4.5.3. Figure 5. Video Editor: Emphasize B.


4.5.4. 

Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

[bookmark: _GoBack]Author NOTE: new cropped versions Fig 1C and 6 will be uploaded.  These new uploaded files will be renamed as follows:
2-2-3_networkdetach.tif
5-1-2_highcontentscreening.tif
5-1-3_growthcone.tif
5-1-4_multielectrode.tif

5.1. Shelley Halpain: This replating procedure can be adapted to many types of applications [1]. In addition to high-content screening to identify potential therapeutic compounds [2], it could be used for imaging growth cones [3] or multielectrode array recordings [4].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
5.1.2. LAB MEDIA: Figure 6. Video Editor: Only show the panel titled ‘high-content screens’.
5.1.3. LAB MEDIA: Figure 6. Video Editor: Only show the panel titled ‘cell biological investigations’.
5.1.4. LAB MEDIA: Figure 6. Video Editor: Only show the panel titled ‘multielectrode recordings’.

5.2. Barbara Calabrese: Mechanical dissociation of neurons that have already formed long processes is stressful [1]. Longer enzymatic incubation, and gently triturating the cells are essential steps for the success of this procedure [2].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2.2. Use 2.3.2.
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