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Title: Rapid and Efficient Generation of Neurons from Human Pluripotent Stem Cells in a Multititre Plate Format
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  Using lab-made movies so no scope kit necessary.

Y?: Several steps are carried out in a horizontal-flow hood under a stereo microscope, a Leica MZ10. We do have a computer connected to that microscope and the software is capable of taking videos. In the several steps of the protocol  - see point B below - it will be useful to show videos not only "macroscopically" but also microscopically (detailled under section "provided media"). These stereo microscope video sequences we will be able to provide soon.

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
1. Cell harvesting and EB formation ("day -1" in Fig. 2)

2. Transfer of EBs into 96U wells with neural induction medium ("day 0" in Fig. 2)

3. Plating out of EBs into adherent cell culture plates ("day 4" in Fig. 2)

4. Monitoring of results  ("day 8" in Fig. 2)

D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  

None of the above steps is particularly demanding. Steps 1-3 above are equally important.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to differentiate human pluripotent stem cells, or hPSCs into neurons using a multitire plate format (intro).
This is achieved by harvesting and plating a single-cell suspension of hPSCs into V-bottom 96-well plates to form embryoid bodies, or EBs over night (P1 Editor, begin with the cells from day -1 then ‘put’ them into the EB generation plate.  At “V-bottom” have the blown-up figure of the well emerge from the plate and put an arrow pointing to the pointed bottom (V-shape) of the well. Then have the day 0 image appear). 
Next, the EBs are transferred into U-shaped ultra-low attachment plates containing differentiation medium to induce neuroectoderm formation (P2 Editor, Have the 96-well plate of P1 disappear but keep the V-bottomed enlarged well.  Add the 96-well plate under “day 0 to 4” and have one of the well enlarge with an arrow pointing to the round bottom at “U-shaped.” Then pipette the contents of the enlarged V-bottomed well into enlarged U-bottom well (and the V-bottom well disappears).  Then bring in the image underneath).   

Subsequently, the EBs are plated onto matrigel-coated dishes to promote the outgrowth of neurons (P3 Editor, do a similar transfer into the neuron formation plate).

Results can be obtained that show the presence of typical neuronal markers around day 8 by immunofluorescence staining (P4 Editor, use the day 8 panel from the schematic and Figure 3B). 

[image: image1.png](P1) (P2) (P3)

day-1to0 dayOto4 day4to8

EB Neuroectoderm Neuron
generation induction formation




B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Boris Greber: Protocols for differentiating human pluripotent stem cells into neurons are often complicated and  - and that is inevitable in many cases. Somewhat accidentally, we recently came across a new procedure for making neurons from human pluripotent stem cells. From a technical point of view, the main advantage of this technique over existing methods is that it is easy to carry out, rapid, and cost-efficient at the same time.

1.2) Demonstrating the procedure will be Miao Zhang, a post doc from my laboratory.  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Embryoid Body Formation

2.1. Prepare EB formation medium and differentiation medium (TEXT: ~15 mL and 30 mL/96-well plate, respectively) as outlined in the written protocol.
2.1.1. WIDE Talent approaches the hood/bench and places the prepared, labeled media down

2.1.2. MED/CU Shot of media on bench - EB on left and differentiation on right

2.2. Grow hPSCs under feeder-free conditions, such as in MEF-conditioned medium on Matrigel-coated plates or using chemically defined culture systems.  Under subconfluent, actively growing conditions, using a stereomicroscope, with a sterile plastic pipette tip, mechanically remove spontaneously differentiated colonies.   

2.2.1. MED/CU Talent - mechanically removing spontaneously differentiated cells from dish
2.2.2. LAB MEDIA 2.2_diff_col_removal_from_routine_culture.avi

2.3. Wash remaining undifferentiated colonies with PBS and use Accutase containing 1X Rock inhibitor to digest to single cells.  

2.3.1. CU Talent adds PBS to cells and adds Accutase with Y-27632 to digest cells

2.4. Pellet the single cells by centrifugation at 200g for 2min, and resuspend in a small volume of EB formation medium.  Use a hematocytometer to determine the cell titre.
2.4.1. MED Talent removes cells from centrifuge
2.4.2. CU Talent resuspends pellet in EB formation medium
2.4.3. MED Talent at scope counting cells 
2.5. Add additional cells to the remaining EB formation medium to arrive at a titre between 40,000 and 80,000 cells per ml. 
2.5.1. CU Talent adds cells into the medium
2.6. Using a multichannel pipette, transfer 100µl per well to a 96V-bottom plate, resulting in 4000 to 8000 cells per well.  Spin the plate in a swing-out plate centrifuge at 400g for 1 min to collect cells at the bottom of the wells.  Transfer the cells to an incubator and allow EBs to form overnight (Fig. 1 and left part of Fig. 2).
2.6.1. CU Talent transfers cells to 96V bottom plate
2.6.2. CU MED Talent places plate into plate centrifuge
2.6.3. WIDE Talent places cells in incubator; B need another version of this for 3.3.3 below; C need another version for 3.5.2 below
3. Neuroectoderm Induction and Neuron Formation
3.1. The next day (TEXT: day 0), under the stereomicroscope, collect EBs and transfer in a small volume into a 3.5 cm bacterial dish containing 2 ml of differentiation medium.  Wash the cells by gently rotating the dish.  
3.1.1. LAB MEDIA 3.1_collecting_EBs_from_96V.avi

3.1.2. CU Talent transfers cells into bacterial dish of differentiation medium and rotates the dish
3.2. Add 100µl of differentiation medium to each well of an ultra-low-attachment U-bottom 96-well plate.  
3.2.1. CU Talent pipettes differentiation medium to 96 well plate
3.3. Under a stereomicroscope, transfer EBs in small volumes from the washing dish into the 96U-wells (one EB per well). Incubate the EBs for 4 days to allow neuroectoderm formation.
3.3.1. LAB MEDIA 3.3_putting_EBs_into_96U.avi
3.3.2. WIDE Use 2.6.3B here Talent places plates in incubator
3.4. On the fourth day, wash the cells in differentiation medium and seed them one by one into the wells of a Matrigel-coated multititre plate such as a 12-well plate (TEXT: ~8 EBs/well). The cells should be equally distributed within the wells to allow undisturbed outgrowth of neurons.  
3.4.1. CU Talent adds differentiation medium to cells
3.4.2. LAB MEDIA 3.4_seding_out_EBs_on_Matrigel_dish.avi
3.5. Allow the EBs to loosely attach to the Matrigel for approximately 10 minutes at room temperature then carefully transfer the plate to the incubator.  Neurons will grow out from the plated EBs in a radial manner within the next four days (Figure 2) (TEXT: refer to the written protocol for an alternate method).
3.5.1. WIDE/MED Talent approaches hood/bench where cells are sitting, picks up the plate and walks away (to incubator)
3.5.2. WIDE Use 2.6.3 here Talent approaches incubator and places cells inside
4. Representative Neuronal Generation Results-(second to last section) 
4.1. Previously, we showed that, in line with many others, EBs from hPSCs could be generated simply by replating aggregates upon routine splitting of hPSCs into low-attachment dishes. This usually results in a wide distribution of cell sizes.  
4.1.1. LAB MEDIA Figure 1A
4.2. Another problem is that EBs maintained in suspension tend to aggregate with one another, leading to even higher size heterogeneity.  To circumvent this, single hPSCs were plated in low-attachment wells, which resulted in no EB formation and cell death. However, combining the cell survival molecule Y-27632 with polyvinyl alcohol (PVA), which has been shown to enhance EB formation from hESCs, allowed EBs to form from single cell hESC suspensions over night.
4.2.1. LAB MEDIA Figure 1B 
4.3. Conveniently, EB sizes in this multititre plate format could be tightly controlled by seeding different numbers of cells per well, in contrast to using conventional techniques.
4.3.1. LAB MEDIA Figure 1C
4.4. After transferring EBs to ultra-low attachment 96U plates, neuroectoderm formation was induced using a small molecule cocktail consisting of FGF/ERK, TGFbeta/SMAD2, and BMP/SMAD1 inhibitors which then allowed the cells to be plated on Matrigel to give rise to neurons.

4.4.1. LAB MEDIA Figure 2, the day 8 panel on the right

4.5. As shown here, initiating EB formation from around 8000 cells yielded the best neuronal differentiation capacity, which is characterized by pronounced neuronal outgrowths from the plated EBs, reduced necrotic EB centers after plating and high expression of sensory and pan-neuronal markers such as BRN3A and beta 3 tubulin. The overall neuronal differentiation efficiencies appear to be comparable to the original procedure (~70%) (Figure 3), which was applicable both to hESCs and hiPSCs. Thus far, three independent hPSC lines, hES as well as hiPS cells, have successfully been tested in the multiwell procedure, whereas cell line-dependent variability in differentiation efficiencies can generally not be ruled out.
4.5.1. LAB MEDIA Figure 2 and 3A and B

4.6. This figure shows dissociated, single day 4 neuroectodermal cells that were plated out as single cells and successfully differentiated at ~60% efficiency.

4.6.1. LAB MEDIA Figure 3C
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

5.  Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
5.1  Miao Zhang: The handling of the EBs in the multititre plate format requires a bit of training in the beginning. But after some time you will see that it is easy. 

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff 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.  

Note from author: I think I had already provided the editorial office with the four additional .avi microscopic movie files (referred to in attached text - points 2.2, 3.1, 3.3, and 3.4). In addition, I gave these files to Sean yesterday. Please let me know if you don't have / get them.
2.2 2.2_diff_col_removal_from_routine_culture.avi - stereo microscopic movie of removing differentiated colonies from hPSC culture 

3.1 3.1_collecting_EBs_from_96V.avi - stereo microscopic movie of collecting EBs from V-bottom 96-well plate 

3.3 3.3_putting_EBs_into_96U.avi - stereo microscopic movie of pipetting EBs into U-bottom 96-well plate 

3.4 3.4_seeding_out_EBs_on_Matrigel_dish.avi - stereo microscopic movie of seeding out EBs on Matrigel-coated dish 

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.

( 2010, Journal of Visualized Experiments


