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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y_______  
Can you record movies/images using your own microscope camera? (Y/N)____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: Olympus Ix83
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 
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, 3.2, 3.3, 3.4, 5.2 and 5.7.2
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.) ____3.3, 3.4_______________________
E.  Will the filming need to take place in multiple locations? (Y/N) _N______ If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nate Hathaway: This method can help answer key questions in the epigenetics field, such as the mechanisms of gene regulation and cause and effect relationships between different chromatin regulatory enzymes. 
1.2. Nate Hathaway: The main advantage of this technique is that for the first time it is possible to modulate a chromatin loci with physiologically relevant endogenous enzymes. 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Anna Chiarella: Generally, individuals new to this method will struggle because mouse ES cell culture is inherently difficult for those who are not trained in the technique. 
1.4. April Wang: Visual demonstration of this method is critical as the cell viral infection steps are difficult to learn, because the researcher must time two separate lines of cell culture, and it is necessary to vigilantly monitor safety during these steps.   

Protocol: (read by voice talent at JoVE)
2. Cell Line Culture for Lentivirus Production
2.1. To begin the protocol, passage 18 x 106 of 293T HEK cells per 15 cm plate [1-MED-TXT]. Aspirate the old media and add 10 mL of 1x phosphate-buffered saline, or PBS…aspirate the PBS…and add 3 mL of 0.05% trypsin [1-MED]. 
2.1.1. Talent at bench with cells and plates, talent adds cells to plate, TEXT: See accompanying text protocol for detailed guidance 
2.1.2. Talent aspirates media and adds PBS, then removes the PBS and adds trypsin. Keep reagents in the background of the shot, if possible
2.2. Incubate the cells in trypsin for 8 min at 37 °C [1-MED]. Rock and tap the cells halfway through the incubation [2-MED]. 
2.2.1. Over the shoulder, talent places the cells in the incubator and sets timer for 8 min 
2.2.2. Talent removes cells from incubator and rocks and taps the cells 
2.3. The following day, when the cells have reached 60% - 80% confluency, perform a polyethylenimine, or PEI transfection [1-MED-TXT]. 
2.3.1. Talent prepares reagent for transfection then adds the solution to the cells, TEXT: See protocol for plasmid and reagent concentrations 
2.4. Next, gently mix the DNA, PEI, and transfection media in a 15 mL conical tube…incubate the sample at room temperature for 15 min [1-MED-TXT]. After incubation, add the solution dropwise to the 15 cm plate [2-CU]. 
2.4.1. Side view, focus on the solutions as they are combined in the conical tube and placed in the incubator incubate for 15 minutes, TEXT: Caution: Please use appropriate safety measures 
2.4.2. Follow the solution as it is added dropwise to the plate
2.5. Then incubate the sample for 16 h in a 37 °C incubator with 5% CO2 [1-MED]. The next day, aspirate the media…and gently replace it with prewarmed, fresh 293 HEK media to the 15 cm plates [2-CU]. 
2.5.1. Side view, talent places sample in incubator 
2.5.2. Show talent working only on one plate. Focus on the plate and the cells on the plate as talent aspirates the media, then gently adds HEK media 
2.6. After the media exchange, incubate the cells in a 37 °C incubator with 5% CO2 for 48 h [1-MED-TXT]. 
2.6.1. Talent places the cells in the incubator, if possible, capture the settings on the incubator, TEXT: Virus is ready to be harvested after incubation
3. Lentiviral Infection of Mouse Embryonic Stem Cells (mESCs)
(Editor: The authors indicated that 3.1 was to be moved below 3.2. However, they way they marked this – it is unclear how things were slated/numbered)
3.1.  [1-MED] [2-MED]
3.1.1. Talent aliquots cells into each well of a plate
3.1.2. Over the shoulder, talent places slide in hemocytometer and documents the output 
3.2. For cells grown in a 10 cm format, aspirate the old media, add 5 mL of 1x PBS, aspirate the PBS, and add 1 mL of 0.25% trypsin [1-CU] Incubate the cells in trypsin for 8 min at 37 °C, and rock and tap the cells halfway through the incubation [2-MED]. 
3.2.1. Focus on the contents of the plate as talent aspirates the media, then replaces it with PBS
3.2.2. Side view, talent places cells on rocker in incubator and sets timer for 8 min 
3.1. [1-MED] Count the cells with a hemocytometer [2-MED]. Passage previously prepared mESC into a 12 well plate format, with 100,000 cells/well 1 day prior to infection [1-MED]. 
3.1.1. Talent aliquots cells into each well of a plate (Move below 3.1.2)
3.1.2. Over the shoulder, talent places slide in hemocytometer and documents the output 
3.1.1. Talent aliquots cells into each well of a plate
3.3. 48 h after the media exchange…remove and transfer the supernatant of the 293TX cells to a 50 mL conical tube [1-MED]. Centrifuge the supernatant at 300 x g for 5 min to pellet the cell debris [2-MED]. 
3.3.1. Talent removes plate from incubator, brings plate to bench and transfers supernatant to tube  
3.3.2. Side view, talent places tube in centrifuge and enters settings 
3.4. Next, filter the supernatant through a 0.45 micron membrane [1-CU]. Concentrate the virus via ultracentrifuge with an SW32 rotor, and spin the sample at 72,000 x g for 2 and a half hours at 4 °C [2-MED-TXT]. 
3.4.1. Talent transfers supernatant to filter, TEXT: Use surfactant-free cellulose acetate (SFCA) membranes
3.4.2. Over the shoulder, talent places sample on rotor, then closes the centrifuge and enters the settings 
3.5. While the virus concentrates under ultracentrifugation, treat the CiA mESCs in the 12 well plate with fresh embryonic stem, or ES media containing 5 µg/mL of polybrene [1-MED].
3.5.1. Pan from the centrifuge to talent adds ES media to the 12 well plate. 
3.6. When the virus concentration has finished…carefully aspirate the supernatant, and carefully suspend the virus pellet in 100 µL of 1x PBS to avoid excess bubbles [1-CU].
3.6.1. Talent has tube in hand, show the separation of the layers. Talent holds up tube to camera and aspirates the supernatant, then leaves the pellet in small volume of PBS 
3.7. Add the virus and 1x PBS to a 1.5 mL microfuge tube [1-CU]. Vortex the tube at the lowest setting to fully suspend the virus [2-MED]. Spin down the tube in a mini tabletop centrifuge for 5 - 10 s to remove bubbles [3-MED]. 
3.7.1. Focus on the pellet and the PBS as talent transfers it to a fresh tube 
3.7.2. Talent adjusts vortexer setting then vortexes the tube
3.7.3. Talent quickly spins down the tube 
3.8. Add 30 µL of the virus to each well of a 12-well plate [1-CU]. Swirl the plate and then centrifuge the samples at 1,000 x g for 20 min [2-CU]. Place the 12-well plate back in the 37 °C incubator overnight [3-MED].
3.8.1. Talent adds virus to each well of the plate. It is not necessary to capture talent adding virus to each well of the plate, just 2-5 
3.8.2. Follow the plate as talent swirls the contents then places it in the centrifuge and move focus to the settings as talent enters them 
3.8.3.  Over the shoulder, talent removes plate from centrifuge and places it in the incubator 
3.9. The following morning exchange replace the media with fresh ES media and allow infection to take place for 48 hours [1-MED]. 
3.9.1. Talent removes the media and replaces it with ES media, then places plate in incubator 
3.10. After 48 h of infection, select for cells that integrated the viral plasmid by adding the appropriate antibiotic [1-MED]. Change the media daily [2-MED]. Keep the selection media on the cells for 72 - 96 h in a 37 °C incubator with 5% CO2 [3-MED].
3.10.1. Talent adds antibiotic to cells 
3.10.2. Over the shoulder, talent exchange the media 
3.10.3. Show the cells in the incubator, if possible, capture the temperature and CO2 settings 
4. Chemical Epigenetic Modifiers (CEM)s Preparation and Treatment
4.3. Continue with chemical epigenetic modifier, or CEM, preparation and treatment by suspending the powdered CEM in dimethyl sulfoxide, or DMSO to a stock concentration of 1 mM and a working concentration of 100 µM [1-MED].
4.3.1. Talent adds DMSO to powdered CEM and changes it to liquid 
4.4. After the cells have undergone selection for 72 - 96 h…split the mESCs into a 12 well format with 100,000 cells per well [1-MED]. Incubate the cells in a 37 °C incubator with 5% CO2 for 24 h [2-MED]. 
4.4.1. Talent removes cells from incubator and splits cells into 
4.4.2. Talent places plate in incubator 
4.5. After incubation, prepare a media solution of 100 nM CEM with ES media [1-MED]. Use the media to feed the CiA mESC with 1 mL well [2-CU]. Keep a well of cells without any added CEMs to serve as a control [3-CU]. 
4.5.1. Over the shoulder, talent combines reagents to create media 
4.5.2. Show a few wells already filled, talent continues to add media to each well
4.5.3. Focus on wells as talent points out well that has not been filled treated to serve as a control 
4.6. Next, change the media by aspirating the old media…and adding 1 mL per well of freshly prepared CEM containing or CEM free ES media every 24 h for the duration of the experiment [1-MED]. 
4.6.1. Talent aspirates media and replaces it with fresh media 
5. Microscopic and Flow Cytometry Analysis of Expression 
5.3. After 48 hours of CEM treatment, image the cells without CEM treatment and the cells treated with 100 nM CEM using a fluorescence microscope [1-MED].
5.3.1. Over the shoulder, talent carries cells to microscope for imaging  
5.4. Take representative images using phase or brightfield to record the mESC morphology at 10 – 40X magnification [1-SCOPE]. The cells should have formed round colonies, with a few differentiated cells. Under the FITC fluorescence channel, image both cell conditions [2-SCOPE]. 
5.4.1. *Film as written 
5.4.2. *Film as written 
5.5. Next, isolate the control and CEM-treated cells for flow cytometry by aspirating the media…washing the cells with 1 mL of 1x PBS…aspirating the PBS…and adding 0.25 mL of 0.25% trypsin with EDTA for 8 - 10 min [1-CU]. 
5.5.1. Focus on the cells as talent removes the media, adds PBS, aspirates the PBS, then replaces it with trypsin 
5.6. Confirm that the cells are no longer bunched in large clumps through the microscope using 20X magnification [1-SCOPE]. If the cells do not appear to be in a single-cell suspension, gently pipette them up and down with a P1000 pipette to fully trypsinize the cells [2-CU]. 
5.6.1. *Film as written 
5.6.2. Talent pipettes the cells up and down 
5.7. Quench the trypsin with 1 mL of fresh media and resuspend the cells at high speed with a serological pipette until the cells are in a single-cell suspension…then spin down the cells at 300 x g for 5 min at room temperature [1-CU].
5.7.1. Focus on the cells as talent quickly resuspends them and then places them in the centrifuge and enters settings 
5.8. Aspirate the supernatant…wash the cells with 1x PBS…and centrifuge the cells [1-MED-TXT]. Aspirate the PBS supernatant…and resuspend the cell pellet in 200 µL of FACS buffer [2-MED]. 
5.8.1. Over the shoulder, talent aspirates the supernatant, then adds PBS, and places cells in centrifuge, TEXT: 300 x g, 5 min 
5.8.2. Side view, talent removes PBS, adds FACS buffer, and resuspends the pellet 
5.9. Perform flow cytometry on approximately more than 50,000 cells with the suspended cells, and run the samples at a sheath speed of around 5,000 cells/s [1-MED-TXT]. Finally export the data for further analysis [2-MED].
5.9.1. Talent places cells in machine and enters settings, TEXT: Keep cells on ice 
5.9.2. Over the shoulder, talent sits at computer and analyzes the data (goes through different fields of analysis). 
6. Results: Effective Gene Repression Using Chemical Epigenetic Modifiers 
6.3. Phase images of the CEM system at the Oct4 locus in CiA mESCs are imaged after 48 hours of treatment with 100 nM of CEM23, or with untreated cells indicate specific GFP repression [1-LM]. 
6.3.1. 58222fig2large.jpg. Video Editor: Only display the phase images (the two images on the left) with all text except “phase.” When “treatment” is said add a yellow box around the image on the bottom and highlight the text “(+) 100 nM CEM23.” When “treated cells” is said box the image on the top in blue and highlight the text in blue. 
6.4. Fluorescence images show a bright GFP expression in the control cells and a reduced GFP expression in mESCs treated with CEM23 [1-LM]. 
6.4.1. 58222fig2large.jpg. Video Editor: Only display the fluorescence images (the two images on the left with all text except “fluorescence.” Add circles around the brightest white regions of the control image when “bright GFP expression is said. Add smaller circles around the white regions in the (+) 100 nM CEM23 image when “reduced GFP expression” is said. 
6.5. Flow cytometry consistently revealed a greater than 30% decrease in GFP expression in the CiA mESCs treated with 100 nM of CEM23 for 48 hours [1-LM]. 
6.5.1. Figure 3. Video Editor: Display the entire figure with all text. As soon as the voiceover begins, add an arrow pointing at the blue curve and add the text “control” and add an arrow pointing at the red curve and add text “treated.” When “
6.6. Chromatin immunoprecipitation, or ChIP revealed that 48 hours of treatment with 100 nanomolar of CEM23 decreased the level of H3K27ac at the target locus when compared to control cells [1-LM]. 
6.6.1. Figure5large.jpg. Video Editor: Display the entire figure with all text. When “CEM decreased” is said add an arrow pointing at the smaller red bar on the right. 

7. Conclusion (said by authors on camera):
7.3. April Wang: While attempting this procedure, it’s important to remember to be careful with the mESC, if they differentiate during the protocol the results will be nullified. 
7.4. Anna Chiarella: After its development, this technique paved the way for researchers in the field of synthetic biology to explore in vivo epigenetic mechanisms in the mammalian genome.
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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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