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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  

Can you record movies/images using your own microscope camera? (Y/N)___ 

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: _

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.) 
2.2, 2.3, 5.6, 6.2.2, 6.3.1
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.) ____There is not difficult aspect of the procedure and we have repeated the all procedure many times successfully. 
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? (Y/N) ___N____ If yes, how far apart are the locations? 

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this protocol is to use the small-molecule compounds PD0325901 and vitamin C to maintain a hypomethylated and pluripotent state in mouse embryonic stem cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cuiping Li: This method can help answer key questions in the field of FBS-cultured mouse embryonic stem cells, such as heterogeneity in morphology and DNA hypermethylation. 
1.2. Cuiping Li: The main advantage of this technique is that the mouse embryonic stem cells are able to sustain excellent morphology and a hypomethylated and undifferentiated state.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Hailin Wang: Demonstrating the procedure will be Weiyi Lai, a grad student from my laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. The named grade student looks up from workbench or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Grow Mouse ES Cells on Gelatin-coated Dishes
2.1. After preparing plates and buffers according to the text protocol [1-WIDE], pre-warm the mouse ES cells, culture medium, trypsin, and PBS in a water bath at 37 °C [2-MED/CU-TXT].
2.1.1. Talent places prepared buffers down next to plates under hood
2.1.2. Talent places trypsin and PBS in water bath next to cells and medium (TEXT: Wild type, 129 SvEv), Editor, use the text note for the mouse ES cells
2.2. To passage the cells, aspirate the medium from the dish and use 2 mL of PBS to rinse the cells two times [1-CU].  Then remove the PBS and add 0.3 mL of trypsin-EDTA to the cells and quickly tilt the dish to cover the cells in the solution. Immediately remove the trypsin [2-MED/CU] and incubate the plate at 37 (C for 1 min to detach the cells [3-WIDE].
2.2.1. Talent aspirates medium from dish and adds PBS to rinse cells
2.2.2. Talent finishes removing PBS and adds trypsin, tilts dish to cover cells, then removes trypsin
2.2.3. Talent places cells into incubator 
2.3. Add 2 mL of pre-warmed serum medium to inactivate the trypsin [1-CU] and use a 1 mL pipette to resuspend the cell colonies 10 times into a single cell suspension [2-CU].
2.3.1. Talent adds pre-warmed serum medium

2.3.2. Talent resuspends colonies into single cell suspension

2.4. Plate 150 μL of of the cell solution into a new 6 cm gelatin-coated dish [1-CU-TXT], and supplement with 3 mL of freshly made Vc/PD0325901 medium [2-CU-tXT]. Culture the cells at 37 °C and 5% CO2 [3-WIDE].
2.4.1. Talent plates cells into gelatin coated dish (TEXT: ~190,000 cells)
2.4.2. Talent supplements with fresh Vc/PD0325901 (TEXT: Refer to text protocol for medium details)
2.4.3. Talent places cells into incubator 
2.5. Due to the instability of Vc, every 24 h while incubating, remove the old culture medium and add 3 mL of fresh Vc/PD0325901-medium [1-MED/CU-TXT].  
2.5.1. Talent removes Vc/PD0315901 medium and replaces with fresh medium (TEXT: Expect 70 – 80% confluency after 2 – 3 days)
2.6. After reaching 70 – 80% confluency, passage the cells and continue to culture them as just demonstrated [1-MED/CU].
2.6.1. Talent finishes resuspending cells and passages into new plates  
3. Extract DNA from Cells and Enzymatic Digestion of DNA into Single Nucleosides 
3.1. To carry out DNA extraction, collect the cells with trypsin as demonstrated earlier [1-MED/CU], and use a genomic DNA purification kit, following the manufacturer’s instructions [2-CU-TXT] 
3.1.1. Talent resuspends cells after trypsin treatment

3.1.2. Talent adds solution from DNA kit to tubes of cell for extraction (TEXT: Store extracted DNA in 1 mL centrifuge tubes)
3.2. Add 100 μL of ultrapure water to the tube of DNA, and dissolve the DNA by pipetting approximately 15 times [1-CU/ECU].  Then use a spectrophotometer to measure the OD260/280 to determine the concentration and quality of DNA. The DNA concentration should be about 500 ng/μL [2-MED/CU-TXT].
3.2.1. Talent adds ultrapure water to tube of DNA and resuspends pellet
3.2.2. Talent places sample into spectrophotometer to determine concentration and quality – show value close to 500 ng/(L if possible (TEXT: Yin, R., et al. J. Am. Chem. Soc. 135 (28), 10396 – 10403, 10.1021/ja4028346 (2013))  Author note: The step was filmed at the last.
3.3. Next, digest 5 (g of DNA by combining it with 5 (L of 100 mM Tris-HCl, pH 7.6, 2 U of calf intestinal phosphatase [1-CU], 1 U of DNase I, and 0.005 U of snake venom phosphodiesterase I [2-CU].  Then use ultrapure water to bring up the volume to 50 (L [3-MED/CU].
3.3.1. Talent adds Tris-HCl and calf intestinal phosphatase to tube of DNA (Author note: After 3.2.1, film the step)
3.3.2. Talent adds DNase I and snake venom phosphodiesterase to tube

3.3.3. Talent adds ultrapure water to tube to bring up volume

3.4. Incubate the reaction at 37 (C overnight [1-WIDE].  The following morning, collect the sample by centrifugation at 1000 x g and RT for 1 min [2-MED].  Then transfer the solution into ultra-filtration tubes [3-CU-TXT] and spin the samples at 13,000 x g and 4 (C for 30 min to remove the digestion enzymes [4-MED].
3.4.1. Talent places samples into incubator

3.4.2. Talent places samples into centrifuge closes door, and starts spin

3.4.3. Talent transfers solution to ultrafiltration tubes (TEXT: MW cutoff: 3 kDa)

3.4.4. Talent places samples into centrifuge, sets speed and time with temp already set

3.5. To prepare the samples for 5hmC analysis, transfer 36 (L of the filtrate to a new 1 mL tube [1-CU-TXT] and add 4 (L of [D3]-5hmC for a final concentration of 3 nM [2-CU].
3.5.1. Talent transfers filtrate into a 1 mL tube 

3.5.2. Talent adds [D3]-5hmC to tube (TEXT: 5’-(hydroxymethyl-d3)-2’-deoxycytidine ([D3]-5hmC)
3.6. For 5mC analysis, pipette 196 μL of ultrapure water into a new centrifuge tube [1-CU-TXT] and add 4 μL of filtrate, due to the high density of 5mC in genomic DNA [2-CU-TXT]. 
3.6.1. Talent adds ultrapure water to centrifuge tube 
3.6.2. Talent adds filtrate to water in tube (TEXT: 50-fold dilution)   
3.7. Transfer 36 μL of the diluted 5mC solution to a new centrifuge tube and add 4 μL of [D3]-5mC for a final concentration of 50 nM [1-CU].   Use [D3]-5hmC and [D3]-5mC as internal standards to calibrate 5hmC and 5mC, respectively [2-CU].
3.7.1. Talent adds diluted solution and then [D3]-5mC to tube (TEXT: (5’-(methyl-d3)-2’-deoxycytidine ([D3]-5mC))
3.7.2. Talent places labeled tube of [D3]-5mC next to [D3]-5hmC on bench
4. Analyze 5mC and 5hmC Using UHPLC-MS/MS
4.1. After setting up the parameters to analyze 5mC and 5hmC in the UHPLC-MS software according to the text protocol [1-MED OVER SHOULDER], establish the parameters for QQQ-MS/MS by clicking MS QQQ, for Stop time, choose No limit/As pump.  For Ion Source, choose ESI. For Time filtering,  check Peak width, and enter 0.07 min [2-LM]. 
4.1.1. Talent at computer finishes setting up parameters in UHPLC-MS/MS
4.1.2. LAB MEDIA Talent clicks MS QQQ | Stop time, choose No limit/As pump, talent sets Ion Source, choose ESI, talent sets Time filtering,  chooses Peak width, and talent enters 0.07 min
4.2. To set up the Time segments, for Start time, choose 0. To set scan mode in MRM to analyze the elution from the column, for Scan Type, choose MRM.  For Div Value, choose ‘To MS.’ For Delta EMV (+), enter 200 and for Delta EMV (-), enter 0 [1-LM].
4.2.1. LAB MEDIA For Start time, talent chooses 0. For Scan Type, talent chooses MRM.  For Div Value, talent chooses ‘To MS.’ For Delta EMV (+), talent enters 200 and for Delta EMV (-), talent enters 0
4.3. Build the parameters for monitoring the transitions by first clicking MS QQQ | Acquisition.  To set Scan segments, for Dwell, enter 90.  To set the fragment voltages, for the Fragmentor, enter 90.  For Collision Energy, enter 5.  For the Cell Accelerator Voltage, enter 4. To set the positive ion mode, for Polarity, choose Positive. 
4.3.1. LAB MEDIA Talent clicks MS QQQ | Acquisition.  To set Scan segments, for Dwell, talent enters 90.  For the Fragmentor, talent enters 90.  For Collision Energy, talent enters 5.  For the Cell Accelerator Voltage, talent enters 4 and for Polarity, talent chooses Positive (TEXT: Refer to text protocol for additional details for set up). 
4.4. To carry out UHPLC separation of mononucleosides, prepare solutions A and B for the elution of 5mC and cytosine (C), by mixing 500 mL of ultrapure water with 500 (L of formic acid for solution A [1-MED/CU-TXT].
4.4.1. Talent mixes ultrapure water with formic acid (TEXT: Solution A, [final] = 0.1%).
4.5. Then measure 500 mL of 100% methanol as solution B [1-MED]. Mix Solution A and B at a 95:5 v:v ratio as the mobile phase to elute 5mC and C [2-MED/CU]. Then set the flow rate to 0.25 mL/min [3-LM].
4.5.1. Talent measures methanol
4.5.2.  LAB MEDIA Talent sets the parameters to control the ratio of Solution A and B.      Author note: Perform the step by setting the parameters in UHPLC-MS software, so do not film the step. We provide the step in the screen capture.
4.5.3. LAB MEDIA Talent sets flow rate to 0.25 mL/min
4.6. Prepare the mobile phase for 5hmC elution by combining 500 mL of 2.0 mM NH4HCO3 aqueous solution as solvent A and 500 mL of 100% methanol as solvent B [1-MED-TXT]. 
4.6.1. LAB MEDIA Talent sets parameters to mixes solvent A (TEXT: pH 9.0) and B.    Perform the step by setting the parameter in UHPLC-MS software, so do not film the step. We provide the step in the screen capture. (The step is repetitive with 4.7. Suggest deleting Step 4.6.)
4.7. Separate 5hmC using an optimized gradient elution.  Then set the flow rate at 0.25 mL/min [1-LM-TXT].
4.7.1. Talent finishes setting up optimized gradient elution then sets flow rate at 0.25 mL/min (TEXT: Refer to text protocol for gradient setup)
and adopt [1-LM].
4.7.2. Omitted     
4.8. Monitor the transitions for 5mC, [D3]-5mC, dC, 5hmC, and [D3]-5hmC [1-LM].
4.8.1. LAB MEDIA Talent sets 5mC (TEXT: m/z 242→126 (collision energy, 5 eV)), then sets [D3]-5mC, (TEXT: m/z 245→129 (5 eV)), then talent sets dC, (TEXT: m/z 228→112 (5 eV)), 5hmC, (TEXT: m/z 258→142 (5 eV)), and [D3]-5hmC, (TEXT:  m/z 261→145 (5 eV)); Editor, for each item, use the text note that comes after it in the shot.
4.9. Set the capillary voltages at +3,500 V.  Then set the injection volume to 5 μL and analyze each sample 3 times. Employ the corresponding standard curves to evaluate the amount of 5mC and 5hmC according to the text protocol [1-LM].
4.9.1. LAB MEDIA Talent sets capillary voltage to +3500.  Then talent sets injection volume to 5 (L and sets analysis to 3x.  
5. Results: Methylation Status of Mouse Embryonic Stem Cells 
5.1. As seen in this analysis of genomic DNA in mouse ES cells by UHPLC-MS/MS, Vc/PD0325901 treatment resulted in a more rapid decline in DNA methylation, and reached steady 5mC levels after 5 days, while Vc/2i treatment resulted in a comparable level at day 11 [1-LM]. 
5.1.1. LAB MEDIA Figure 1A, Editor, for the more rapid decline, use an arrow to trace the black diamond curve that drops rapidly between days 1 and 5.  For the Vc/2i treatment, use the arrow to trace the dotted line just to the right of it with the circles, ending at the diamond above day 11 where the circle is also hidden. Also, when Vc/PD0325901 and Vc/2i are mentioned, use a red arrow from the side to point out each one in the figure legend.
5.2. This graph shows that Vc-containing treatment dramatically increased 5hmC frequency after 1 day, and thereafter 5hmC levels gradually declined due to the progressive reduction in 5mC substrate.  [1-LM].
5.2.1. LAB MEDIA Figure 1B, Editor, for the dramatic increase after day 1, point to all the points around 4000 above day 1. Then use an arrow to trace the top two lines that gradually decrease over time.
5.3. Western blot analysis showed that Prdm14 was significantly elevated, while Dnmt3b and its cofactor Dnmt3l were considerably down-regulated when cells were treated with PD0325901, indicating the action of PD0325901 in erasing 5mC [1-LM].
5.3.1. LAB MEDIA Figure 2, Editor, begin with the figure without the labels on the right side except for Dnmt3a and β-tubulin.  Then add in each additional label when it is mentioned.   
5.4. In this alkaline phosphatase assay, mouse ES cells were all stained purple with a ball-like morphology when cultivated for 26 days in Vc/PD032590, indicating an undifferentiated state.  In contrast, cells grown in FBS-containing medium alone appeared light in color with partial outspreading, indicating partial differentiation [1-LM].
5.4.1. LAB MEDIA Figure 3B and C, Editor, start with panel C for the ES cells that all stained purple with a ball-like morphology.  Then for the second sentence, add in panel B and then add in the dashed ovals to encircle the partial outspreading when mentioned.
6. Conclusion (said by authors on camera)

6.1. Cuiping Li: Once mastered, this technique can be done in 5 hours if it is performed properly.

6.2. Cuiping Li: While attempting this procedure, it’s important to remember that FBS batches need to be pre-screened.  Also, avoid over pipetting cells during passage and change the Vc/PD0325901 culture medium daily.

6.3. Cuiping Li: After its development, this technique paved the way for researchers in the field of culturing mouse ES cells in vitro to explore the development processes of embryos in vitro and generate cells of medical relevance for regenerative medicine.
6.4. Cuiping Li: After watching this video, you should have a good understanding of how to maintain great morphology and a hypomethylated and pluripotent state for mouse ES cells by using two small-molecule compounds, vitamin C and the MEK inhibitor PD0325901.
6.5. Cuiping Li: Don't forget that working with Trizol, DMSO, PMSF and DTT can be extremely hazardous and precautions such as wearing gloves, a mask and goggles should always be taken while performing this procedure.   

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.

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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