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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? N_____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
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.): 3.1, 3.6, 4.3, 5.1, 5.9, 6.1.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.): 5.7-5.9.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? N
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 procedure is to analyze the expression and production of genes and protein markers, respectively, of neural differentiation of mouse embryonic stem cells.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author is giving interview statements, the same author may speak both statements. Please restrict the length of each statement to no more than 30 words.
1.1. Arie Horowitz: This method can help determine the mechanism responsible for the inhibition of neural differentiation by the RhoA GTPase, and lead to better protocols to differentiate stem cells into neurons for therapeutic purposes. 
1.2. Arie Horowitz: The main advantage of this technique is that it facilitates tracking the process of neural differentiation at the mRNA and proteins levels, including by optical microscopy.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Arie Horowitz: Demonstrating the procedure will be Dr. Junning Yang, a Research Associate from my laboratory.
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Embryoid Body Formation
2.1. Begin embryoid body formation by harvesting embryonic stem cells with 0.25% trypsin/EDTA [1-MED-TXT] for 2 to 5 minutes at 37 °C, 5% CO2 [2-MED-over the shoulder]. 
2.1.1. Talent at TC hood with plate/flask. Talent adds trypsin. TEXT: See written protocol for details of cell culture.
2.1.2. Talent puts plate in incubator. 
2.2. Add fresh Iscove’s Modified Dulbecco’s Medium, or IMDM, with 15% FBS to the detaching cells and transfer the cell suspension to a 15-milliliter tube [1-MED]. Centrifuge at 160 x g for 5 minutes at room temperature [2-MED-over the shoulder/MED].
2.2.1. *film as written. 
2.2.2. Talent puts the tube in the centrifuge with a counter balance, closes the lid and starts the spin. 
2.3. Then count the cells using a hemocytometer [1-MED], and prepare a 5×105 cells per milliliter suspension in IMDM with 0.5 micro-Molar Retinoic Acid [2-MED-TXT].
2.3.1. Show Talent at the microscope looking through the oculars at the hemocytometer and counting the cells. 
2.3.2. Talent adds media from a bottle covered with aluminum foil to the 15-ml tube containing the cells. TEXT: Protect RA-containing culture media from light 
2.4. Next, use an 8-channel pipette and 200-microliter tips [1-MED] to plate 100 20-microliter drops per 100-millimeter petri dish [2-CU]. 
2.4.1. Pipette picks up tips from a tip box. 
2.4.2. Show the drops being placed on the dish. 
2.5. Invert the dish, and fill the inverted lid with PBS to prevent hanging drops from drying [1-MED]. Culture at 37 °C, 5% CO2 for 3 to 4 days [2-WIDE].
2.5.1. *film as written. 
2.5.2. Talent places three dishes with the hanging drops in the incubator. 
3. 2D Embryoid Body Culture and Detection of Secreted Proteins
3.1. Use 200-microliter pipette tips to harvest hanging drop embryoid bodies grown for 3 days [1-MED]. Touch an embryoid body with a pipette tip [2-CU/MED], and transfer it to a fibronectin-coated coverslip in a 24-well plate [3-CU-TXT]. 
3.1.1. Talent at the TC hood opens the tip box and grabs a 200 ul pipette tip. 
3.1.2. *film as written. Shot will be reused once. 
3.1.3. Film as written. TEXT: Plate 20 embryoid bodies per well in IMDM +15% FBS –LIF. 
3.2. Change the medium on the cultures every 2 to 3 days [1-MED]. When changing the medium, collect the used medium for protein secretion analysis as needed [2-MED-over the shoulder].
3.2.1. Talent (wearing something different to convey the passage of time) talking the plate out of the incubator.  
3.2.2. Talent at the TC hood with the plate collects the medium and pipettes it into a tube. 
3.3. To detect secreted proteins in the medium transfer 500 microliters of embryoid body medium to 10 kDa-cutoff centrifugal filters [1-MED], and spin at 20,000 x g at 4 °C [2-CU].
3.3.1. *film as written. 
3.3.2. The centrifugal filters are placed in the centrifuge, the lid is closed, and the centrifuge starts operating. 
3.4. Examine the medium remaining inside the centrifugal filters every 15 to 20 minutes to prevent excessive enrichment [1-MED-over the shoulder]. Stop centrifugation when the volume of the remaining medium has fallen to 25 microliters [2-CU].
3.4.1. Talent takes a tube out of the centrifuge and examines it. 
3.4.2. Show a tube where the volume of medium is 25 ul. 
3.5. Invert the filter [1-CU] and spin at 160 x g at 4 °C [2-MED]. Then collect the remaining concentrated medium by following the manufacturer’s instructions [3-MED-over the shoulder-TXT]. 
3.5.1. *film as written. 
3.5.2. Talent standing at the spinning centrifuge. 
3.5.3. Talent pipettes from filter. TEXT: Proceed to immunoblotting with specific antibodies. See Yang, J. et al. (2016)17 for details.
4. 3D Embryoid Body Culture 
4.1. For 3D culture, harvest embryoid bodies grown for 4 days as hanging drops with 200-microliter pipette tips as before [1-MED]. Transfer 30 embryoid bodies to a 1.5-mL centrifuge tube [2-CU]. 
4.1.1. Use 3.1.2. Talent collecting EBs with pipette tip. 
4.1.2. An EB is added to a tube that already contains EBs. 
4.2. Then prepare collagen gel solution by diluting appropriate volumes of collagen solution and 5X DMEM [1-MED-over the shoulder-TXT]; adding the neutralization solution, and immediately mixing well [2-MED]. Place the collagen gel on ice [3-CU]. 
4.2.1. Talent pipettes collagen solution into an appropriately labeled tube containing DMEM. TEXT: See Table of Specific Materials/Equipment. 
4.2.2. *film as written. 
4.2.3. *film as written. 
4.3. Next, pipette an appropriate volume of chilled collagen solution into the tube containing the embryoid bodies [1-CU], and then gently pipette the embryoid body suspension into the wells of a 6-well plate without creating bubbles [2-MED-over the shoulder]. 
4.3.1. *film as written. 
4.3.2. *film as written. 
4.4. Immediately transfer the plate to 37 °C, 5% CO2 for 60 minutes to initiate collagen polymerization [1-MED-over the shoulder]. 
4.4.1. Talent puts the 6-well plate in the incubator. 
4.5. After the 60 minutes, overlay the plate containing the embryoid bodies with IMDM [1-CU].
4.5.1. IMDM added to one or two wells of the 6-well plate. 
5. Embryoid Body Dissociation

5.1. For embryoid body dissociation, again collect the 4-day hanging drop embryoid bodies with 200-microliter pipette tips [1-CU]. This time, transfer them to a non-adhesive bacteriological petri dish containing IMDM with 15% FBS [2-CU] and culture at 37 °C, 5% CO2 for 4 more days [3-MED]. 
5.1.1. Use 3.1.2. EBs being touched by pipette tip. 
5.1.2. *film as written. 
5.1.3. Talent puts petri dish in incubator. 
5.2. Check the embryoid bodies twice every day to make sure they do not attach to the bottom. Gently shake the dish to prevent embryoid body attachment [1-MED]. 
5.2.1. Talent at bench looking at the petri dish with the lid on. Talent then gently shakes the dish. 
5.3. After 4 days, transfer the embryoid bodies to a centrifuge tube [1-MED-over the shoulder] and centrifuge at 185 x g for 5 minutes at room temperature [2-MED]. 
5.3.1. *film as written. 
5.3.2. Talent placing tube of EBs and counterbalance into centrifuge. 
5.4. Following centrifugation, remove the supernatant. The pellet volume should not exceed 100 microliters [1-CU]. 
5.4.1. The supernatant is removed and a pellet of the appropriate size is seen. 
5.5. Next, pipette 1-milliliter of 0.25% type I collagenase supplemented with 20% FBS in PBS into the tube of embryoid bodies [1-MED]. Incubate the mixture for 1 hour at 37 °C and 5% CO2 [2-MED-over the shoulder]. 
5.5.1. *film as written. Please ensure that the collagenase tube is clearly labeled. 
5.5.2. The tube is placed in a rack in the incubator. 
5.6. Gently pipette the suspension using a 1-mL pipette tip every 20 minutes [1-CU]. 
5.6.1. The cell suspension is pipetted up and down while being held in the TC hood. 
5.7. After the incubation, gently wash the cells three times with PBS [1-MED]. If cell aggregates are present, use a cell strainer with a 100-micron mesh to remove them [2-CU].
5.7.1. Talent adds PBS to the tube. 
5.7.2. The contents of the tube is poured/pipetted onto a cell strainer.
5.8. Junning Yang: Dissociating the embryoid bodies sufficiently and plating the dissociated cells to facilitate high-quality immunofluorescence and imaging are critical for the success of the procedure [1-INT].

5.8.1. Named Talent speaks the above text to camera. 
5.9. Plate the cells on gelatin-coated coverslips in IMDM [1-CU]. Then incubate at 37 °C and 5% CO2 [2-WIDE].
5.9.1. *film as written. 
5.9.2. Coverslips placed in incubator. 
6. Analysis of Embryoid Body Formation by Immunofluorescence
6.1. Wash the 2D, or dissociated 3D embryoid bodies with PBS [1-MED]. Then fix with 4% paraformaldehyde in PBS for 30 minutes at room temperature [2-MED-over the shoulder-TXT]. 
6.1.1. Talent washes the coverslips in the dish from 5.9 with PBS. 
6.1.2. Talent adds PFA to dish. TEXT: Paraformaldehyde is a skin and eye irritant; use caution when handling. 
6.2. After washing the fixed cells three times with PBS to remove floating cell debris [1-CU], add 1% Triton X-100 in PBS to permeabilize the cells for 20 minutes at room temperature [2-CU]. 
6.2.1. A wash containing floating cell debris is aspirated from a well containing a coverslip. 
6.2.2.  1% triton X-100 is added to wells. 
6.3. After washing as before, remove the last wash [1-MED-over the shoulder] and block with 5% BSA in PBS for 30 minutes [2-MED].
6.3.1. Talent removes last wash. 
6.3.2. Talent adds blocking solution to the wells containing the coverslips. 
6.4. Towards the end of the incubation, prepare a primary antibody dilution in 1% BSA in PBS supplemented with 0.03% triton X-100 [1-MED]. 
6.4.1. Talent pipettes primary antibody solution into a tube containing 1% BSA in PBS. 
6.5. When the 30 minutes has elapsed, replace the blocking solution with the primary antibody solution [1-MED]. Incubate for 3 hours at room temperature, or overnight at 4 °C [2-MED-over the shoulder]. 
6.5.1. *film as written. 
6.5.2. Talent places the covered plate containing the coverslips in the fridge or cold room. 
6.6. After washing, apply secondary antibody in PBS and incubate for 1 hour at room temperature [1-MED]. 
6.6.1. Secondary is applied and the dish is covered to prevent evaporation (if this is usually done). 
6.7. Finally, mount coverslips on glass slides with an anti-fade medium for optical microscopy [1-CU-TXT]. 
6.7.1. The coverslips are mounted on a slide. TEXT: Wash cells 3X with PBS before mounting.
7. Results: Characteristics of Embryoid Body Cultures and Visualization of Neural Differentiation Markers 
7.1. This image shows sprout emergence from an embryoid body generated from ESCs positive for two copies of the Syx gene, which codes for a guanine exchange factor that activates the GTPase RhoA. The image was taken after 6 days in 3D culture [1-LM]. 
7.1.1. LAB MEDIA: 55621_Horowitz_Figure1C_left. Show image. Arrows could be added to point at some of the sprouts. 
7.2. This embryoid body, formed from Syx knockout ESCs, demonstrates increased sprouting after the same time in culture [1-LM].  
7.2.1.  LAB MEDIA: 55621_Horowitz_Figure1C_right. Show image. Add arrows pointing to the sprouts if this was done for 7.1.1. Ensure that there are more arrows used than in 7.1.1.  
7.3. Here, phase images of 2D embryoid body edges show that cells expanded faster from Syx knockouts than from Syx wild-type [1-LM]. 
7.3.1. LAB MEDIA: 55621_Horowitz_Figure3_PanelA. Show the 2-panel image. An outline could be used on each panel to highlight the cells that have moved away from each of the main masses of cells. 
7.4. These immunofluorescence images illustrate that the neural differentiation marker nestin, shown in red, was more abundant in cells expanding from 6-day 2D Syx knockout embryoid bodies than from their Syx wild-type counterparts [1-LM]. 
7.4.1. LAB MEDIA: 55621_Horowitz_Figure3_PanelB. Show the 2-panel image. Place a box around, or otherwise emphasize, the panel on the right. 
7.5. Here, immunofluorescence images show that the neural differentiation markers nestin and beta-three-tubulin were more abundant in cells dissociated from 13-day 3D Syx knockout embryoid bodies than from their Syx wild type counterparts [1-LM]. 
7.5.1. LAB MEDIA: LAB MEDIA: 55621_Horowitz_Figure3_PanelC. Show the 4-panel image. Place a box around, or otherwise emphasize, the two panels on the right. 
Authors - In video, results cannot easily be spatially arranged, rather, results are presented temporally and timed with the narration.   Please resubmit multi-paneled figures for the video, so that each part of the image requested above is provided as a single, layered image so that we can eliminate panel labels (‘A’ ‘B’ etc.) and manipulate text. Please name the files according to the convention shown in the subtext above. 

8. Conclusion (said by authors on camera)
8.1. Junning Yang: This is a time-consuming procedure because of the duration of embryoid body growth and differentiation. It normally requires at least 8 days, but in some cases, we followed differentiation up to 24 days.

8.2. Junning Yang: While attempting this procedure, it’s important to remember to limit the variability of embryoid body diameter to ensure similar differentiation rates among the embryoid bodies.   
Provided Media
3.4 (stage number in the full version of the text) – AH Fig. 1 – color images showing the abundance of the pluripotency core transcription factors in wild type and in genetically modified (Syx-/-) mouse embryonic stem cells.
4.5 – AH Fig. 2 – grey scale images of embryoid bodies comprising wild type and in genetically modified (Syx-/-) mouse embryonic stem cells, embedded in a collagen matrix.

6.7 – AH Fig. 3 – color images showing neural differentiation marker abundance in images of dissociated wild type and genetically modified (Syx-/-) mouse cells.
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.

More detailed preparation instructions are included in the email accompanying the finalized script.
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