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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y___  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _________________Nikon SMZ-2B____________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.8, 3.4, 4.3, 4.4, 4.5, 4.6.
D.  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.) 2.5: Producing a single cell suspension and achieving an accurate cell count. This is critical to producing aggregates of the correct size. We ensure that a single cell suspension is produced by pipetting up and down in Step 2.3 and take multiple counts with the hemocytometer in Step 2.5.
4.6: Samples can be lost during the wash steps of the immunostaining if they are not performed carefully. We ensure success by working under the dissection microscope and by aspirating the washes from the edge of the well.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y__ If yes, how far apart are the locations? _________________Two floors, lift access to both._____________________


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 produce uniform aggregates of mouse embryonic stem cells that undergo self-organization and axial elongation in suspension culture. (Intro)

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

1.1. Peter Baillie-Johnson: This method can help answer key questions in the field of developmental biology, such as the role of tissue interactions in axis specification and self-organization in processes like gastrulation. 
1.2. Peter Baillie-Johnson: The main advantage of this technique is that it allows developmental events to be studied from a novel, deconstructed perspective outside of the embryo.   
Authors: Please memorize all lines prior to filming.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Peter Baillie-Johnson: This technique complements the expanding field of organoid culture by potentially allowing the derivation of posterior axial tissues such as spinal cord and motor neurons.  
Authors: The purpose of the optional statements is to allow other co-authors to give statements. Statement 1.3 must be omitted unless it is given by a different author than the one giving the required statements.
 D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.1. ** Author Name: Demonstrating the procedure will be NAME, a (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.1.1. Interview style: Author saying the above 
1.1.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
*Note to the Authors: Goal and interview statements were edited to conform to the specified number and length restrictions. Please indicate which author will be performing the procedure ONLY IF they have not given an interview statement.





Protocol (read by voice talent at JoVE):

2. Cell Culture and Generation of Aggregates
2.1. Prior to aggregation, maintain mouse embryonic cells or mESCs in ESLIF (pronounced as E-S-lif) medium on gelatin-coated 25 cm2 tissue culture-treated flasks [2.1.1-MED- TXT]. 
2.1.1. MED shot of bringing the tissue culture flasks inside hood. TEXT: See the accompanying  text protocol for media composition]
2.2. For aggregate generation, start with a tissue culture flask containing cells at 40 to 60% confluence [2.2.1-Scope/LM]. Aspirate the medium and rinse the flask twice with PBS [2.2.2-CU]. 
2.2.1. Flask at 40-60% confluence, could be provided by authors as LM.
2.2.2. Show aspiration once and adding PBS once.
(Authors, instead of a scope shot, this could also be a still image.) 
2.3. Add 1 ml of 0.25% Trypsin-EDTA [2.3.1-CU-TXT] and incubate at 37 0C for approximately 5 minutes to detach the cells from the flask [2.3.2-MED]
2.3.1. Talent adding Trypsin-EDTA; TEXT : Incubate at 37 0C for 5 minutes
2.3.2. Talent bringing flask from the 37 0C incubator.
2.4. Next, add 5 ml of ESLIF medium to the detached cell suspension and mix thoroughly. Transfer the cells to a 50 ml centrifuge tube, [2.4.1-MED/CU] and take out a 1 ml aliquot to count the cells [2.4.2-CU]. 
2.4.1. Talent mixes up and down and transfers to tube.
2.4.2. Load 10 microliters of cell suspension plus Trypan blue mixture on hemocytometer.
2.5. Add 5 times 104 cells to 5 ml of warm PBS [2.5.1-CU] and centrifuge the cells at 170 times g for 5 minutes [2.5.2-CU]. 
2.5.1. *Film as written
2.5.2. Show talent setting centrifuge speed and time.
2.6. Aspirate the solution without disturbing the pellet. [2.6.1-ECU]. Then add 5 ml of PBS gently and repeat the centrifugation [2.6.2-MED]. Aspirate out the maximum volume without disturbing the cell pellet to prevent carry over of PBS [2.6.3-CU]. 
2.6.1. *Film as written
2.6.2.  Show the tube containing PBS being set in centrifuge.
2.6.3. *Film as written
2.7. Resuspend the cell pellet in 1 ml of warm N2B27 medium, mixing well with a p1000 pipette to generate a homogenous cell suspension [2.7.1-CU]. Then dilute it with an additional 4 ml of N2B27 medium [2.7.2-MED]. Transfer the cell suspension to a sterile reservoir [2.7.3-CU]. 
2.7.1. *Film as written
2.7.2. [combined with 2.7.1] *Film as written
2.7.3. *Film as written
2.8. Using a multichannel pipette, mix the cells thoroughly [2.8.1-CU] and transfer 40 l of the cell suspension from the reservoir to each well in a ‘U’- bottom non-tissue culture-treated 96 well plate. A non-tissue culture plate is specifically used to minimize adherence of the cells to the plate [2.8.2-CU].
2.8.1. *Film as written
2.8.2. [combined with 2.8.1] Show transfer to 1-2 columns.
2.9. Incubate the plate in a humidified chamber at 37 0C with 5% CO2 for 48 hours to allow cell aggregation [2.9.1-WIDE].
2.9.1. *Film as written
3. Stimulation of Cells in Aggregates
3.1. After 48 hours, remove the plate from the incubator and observe the cells under an inverted microscope [3.1.1-MED] to confirm the presence of aggregates [3.1.2-LM]. 
3.1.1.  Show talent putting the flask on stage and then looking through the eye-piece.
3.1.2.  LABMEDIA_Jove53252 Figure1 (Final).jpg – show E only, enlarge on screen remove the Figure mark E, remove 48h, keep the scale bar.
3.2. Add a volume of 10mM CHI99021 stock solution to warm N2B27 to make a final concentration of 3 micromolar. This is the secondary medium for cell stimulation [3.2.1-CU].
3.2.1. *Film as written
3.3. Using a multichannel pipette, dispense 150 l of the secondary medium to each well with enough force to dislodge any adherent aggregates [3.3.1-ECU/CU]. Return the plate to the cell culture incubator for 24 hours [3.3.2-WIDE].
3.3.1. Show just a couple of wells if possible, showing the liquid movement with the applied force; otherwise, CU -showing the pipetting action. We would like the showing of this step in as much detail as possible for properly guiding the viewer. 
3.3.2. *Film as written
3.4. After the incubation, carefully remove the medium without aspirating the cell aggregate. [3.4.1-CU] Add 150 l of fresh N2B27 to each well with enough force to dislodge any adherent aggregates [3.4.2-CU]. Repeat this every 24 hours for a total incubation of approximately 5 days [3.4.3-MED].  
3.4.1. *Film as written
3.4.2.  *Film as written
3.4.3.  Show talent working in the cell culture hood with the plate.
4. Cell Aggregate Fixation, Permeabilization and Blocking
4.1. To prepare aggregates for fixation, first, gently aspirate the incubating solution from each well [4.1.1-CU], holding the pipette at a 30 degree angle to prevent aspirating the cell aggregate. [4.1.2-ECU]
4.1.1. *Film as written
4.1.2.  Show the pipet angle against the wells. (Video Editor – Freeze Frame and draw the angle between the pipet tip and the horizontal surface.)
4.2. Add 150 l of PBS to each well. [4.2.1-MED/CU] Wait for a few minutes for the aggregate to settle at the bottom, and then aspirate the PBS [4.2.2-CU]. Repeat this washing step twice more [4.2.3-CU]. 
4.2.1. Show addition into 1-2 wells; get multiple usable takes as shot will be repeated.
4.2.2. Show aspiration of PBS.
4.2.3. Use 4.2.1.
4.3. Using sterile scissors, cut a p1000 pipette tip at approximately 3 mm above its dispensing end [4.3.1-ECU]. With this tip, pipette up and release a small volume of the liquid into a well to agitate the aggregate and loosen it from the bottom of the well [4.3.2-ECU].
4.3.1. *Film as written.
4.3.2. Focus on the pipet tip in one well -first draws in liquid. Then releases with force. Repeat this sequence once more.
4.4. Then, draw up the aggregate into the tip and transfer the aggregate into a glass Drosophila dissection well. Using the same procedure, collect all aggregates that will undergo identical immunostaining procedures into a single dissection well [4.4.1-CU-TXT].
4.4.1. Transfer two aggregates, long enough to cover the VO; TEXT: Use a fresh pipette tip for each experimental condition.
4.5. Place the dissection well under the microscope [4.5.1-MED] and swirl it to move the aggregates towards the center [4.5.2-SCOPE]. 
4.5.1. *Film as written
4.5.2. Show the cell aggregates swirling towards the center.
4.6. Then, carefully aspirate the PBS from the edge of the well, taking care not to remove any aggregates. [4.6.1-SCOPE-TXT]
4.6.1. *Film as written; TEXT: Do not let the aggregates dry out. [mis-slated 4.5.2] 
4.7. To fix the aggregates, add 1 ml of freshly prepared 4% formaldehyde solution [4.7.1-MED-TXT] and incubate the dishes on an orbital shaker for 2 hours at 4 0C, set at low speed [4.7.2-MED/CU].
4.7.1. *Film as written; TEXT: CAUTION: Paraformaldehyde is toxic. Wear adequate protection.
4.7.2. Show setting the dishes on the shaker and turning shaker on. 
4.8. Aspirate the formaldehyde solution with care to prevent suction of any aggregates and then add 1 ml of PBS to the well. [4.8.1-CU] Return the plate to the orbital shaker for 10 minutes [4.8.2-WIDE/MED]. Remove the PBS from the well, and repeat this washing step two more times [4.8.3-MED/CU]. 
4.8.1. *Film as written
4.8.2. Talent places plate on shaker. 
4.8.3. Show talent aspirating once. 
4.9. Next, add 1 ml of PBSFT solution [4.9.1-MED/CU], and place the plate on the orbital shaker for 10 minutes [4.9.2-WIDE/MED-TXT]. Aspirate the solution and repeat the wash two more times [4.9.3-CU]. 
4.9.1. *Film as written; get multiple usable takes to repeat shot later; TEXT: PBSFT: PBS, 10% FBS, 0.2% Triton X-100
4.9.2. *Film as written; get multiple usable takes to repeat shot later
4.9.3. Show talent aspirating once 
4.10. Add 1 ml of PBSFT per well to block the aggregates from non-specific immunoreactivity [4.10.1]. Place the plate on the orbital shaker at low speed for 1 hour at 4 0C [4.10.2-TXT].
4.10.1. Use shot 4.9.1.
4.10.2. Use shot 4.9.2. TEXT: Aggregates can be left overnight under constant agitation at 40 C.
5. Antibody Binding and Detection
5.1. Following incubation, aspirate the blocking solution carefully from the wells, and add 500 l of the primary antibody diluted in PBSFT. [5.1.1-CU] Seal the plate with Parafilm to prevent evaporation [5.1.2-MED] and incubate overnight at 4 0C on an orbital shaker at low speed [5.1.3]. 
5.1.1. *Film as written
5.1.2. *Film as written
5.1.3. Use shot 4.9.2.
5.2. Next, replace the primary antibody solution with pre-chilled PBSFT [5.2.1-CU]. Wash the aggregates by placing the plate on the orbital shaker set at low speed at 4 0C for 5 minutes. Repeat the wash one more time [5.2.2-TXT].
5.2.1. *Film as written
5.2.2.  Use shot 4.9.2; TEXT: Critical: Keep at 4 0C and not on ice.
5.3. Perform two additional wash cycles with PBSFT at 4 0C at low speed on the orbital shaker as indicated in the text protocol. [5.3.1-CU-TXT]
5.3.1. Show plates on the shaker; TEXT: 1) 3X, 15 min each; 2) 4-7X, 1 hr each
5.4. Remove the wash solution and incubate with 500 l of secondary antibody diluted in PBSFT. Add 1 g/ml of Hoechst in order to visualize the nuclei. [5.4.1-MED] Incubate overnight at 4 0C on a gyratory rotor, protected from light. [5.4.2-MED]	
5.4.1. Show talent adding 500 l solution which already contains Hoechst, and swirling to mix.
5.4.2. Show talent protecting samples from light and starting the rotator.
5.5. Perform another wash cycle with PBSFT at 4 0C, protected from light under a foil-wrapped box. Perform additional washes with PBS containing 0.2% FBS and 0.2% Triton X-100, or PBT buffer, at room temperature. [5.5.1-MED-TXT]	
5.5.1. Talent removes foil wrapped box from plat and begins to change the solution; TEXT: See text protocol for additional washes.
5.6. After carefully aspirating the solution, incubate the aggregates with 1 ml of 1:1 Glycerol:PBT for 30 minutes in the dark at room temperature. [5.6.1-CU] Then incubate them with 1 ml of 7:3 Glycerol:PBT for 30 minutes. [5.6.2-MED]	
5.6.1. Show talent adding reagents to the sample, and then putting it in the foil-wrapped box on the desktop. [mis-slated 5.5.1]
5.6.2. Show talent replacing the reagent.
5.7. To prepare the samples for confocal imaging, aspirate the glycerol:PBT solution and replace it with 1 ml of mounting medium [5.7.1-CU]. Then mount the aggregates in 17 microliter droplets on a glass slide, using a pipette tip. [5.7.2-ECU/CU]
5.7.1. *Film as written 
5.7.2. Focus on picking up a sample aggregate with a p20 tip (not cut).	Comment by David Turner: The manuscript will have to be changed also…
5.8. Prepare a spacer by folding a piece of double-sided tape four times upon itself. [5.8.1-ECU]. Then place one spacer on either side of the aggregates on the slide. [5.8.2-CU] Invert the cover slip on the spacers, and then image the aggregates using confocal microscopy. [5.8.3-CU]
5.8.1. *Film as written.
5.8.2. *Film as written
5.8.3.  Show inverting the coverslip on the sample 

6. Results: Morphological evaluations of mESC aggregate culture
6.1. 48 Hours after plating, aggregates of around 150 micrometer diameter are formed, displaying smooth boundaries. [6.1.1-LM] On the other hand, poor medium quality, non-optimal cell number plating or cell adherence could result in failure to aggregate properly. [6.1.2-LM]
6.1.1. JoVE53252_Figure 5 (Final).jpg. Figure A Make each part appear sequentially. Highlight the smooth boundary around the aggregate in A with an arrow with VO cue –“displaying ….in A”. 
6.1.2. JoVE53252_Figure 5 (Final).jpg Figure B Make each square of Figure B appear one after the other starting from upper left, ending in lower right. At the end keep the 4 parts of B on screen for a few seconds.
6.2. 120 hours of continuous treatment with CHI99021, a Glycogen Synthase Kinase 3 inhibitor, causes the spherical aggregate to become elongated [6.2.1-LM]. Also, there is distinct localization of Sox-GFP positive cells at one end of the aggregate after treatment [6.2.2-LM]. Different treatments yield different morphologies. [6.2.3-LM] 
6.2.1. JoVE 53252_Figure 3 (Final).jpg - show 3B only. Remove panel label “B” and show first figure on the upper left, corresponding to VO “CHI99021….elongated”. 
6.2.2. JoVE 53252_Figure 3 (Final).jpg - show 3B only. Indicate the green patches on the first figure with blunt arrows with the narration cue “ localization of Sox-GFP…” 
6.2.3. JoVE 53252_Figure 3 (Final).jpg - show 3B only. Start with the first figure on the upper left and add all the other figures under B. 
6.3. Changes in the morphology of a single aggregate and in fluorescent marker localization within the aggregate can be tracked over time. [6.3.1-LM]
6.3.1. JoVE 53252_Figure 4 (Final).jpg – show Figure 4 A&B only. Remove panel labels “A” and “B”
7. Conclusion (said by authors on camera) 
(Interview style- spoken by author facing the camera.)
7.1	Peter Baillie-Johnson: Once mastered, the researcher will be able to generate aggregates within 45 min if it is performed properly.
7.2.1 [combined with 7.1] Peter Baillie-Johnson: While attempting this procedure, it’s important to remember to use non-adherent 96-well plates and, following aggregation, change the medium daily to prevent a	ggregates adhering to the bottom of the wells.
7.2.2 Peter Baillie-Johnson: Following this procedure, once the aggregates are formed, other methods like qRT-PCR can be performed instead of the immunostaining, to investigate changes in gene expression within the aggregates.
7.2.3 [bookmark: _GoBack]Peter Baillie-Johnson: After watching this video, you should have a good understanding of how to form aggregates from mESCs, apply specific stimuli and prepare the aggregates for immunostaining and confocal microscopy analysis.


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, .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.  

Insert your media filenames here.
3.1 - JoVE 53252 _Figure1E – image of aggregate at 48h.
5.7 AND 5.8 – JoVE 53252 _Figure2 – Images of slide preparation


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 are included in the email accompanying the finalized script.
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