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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)____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.) 
                Section 3.1-3.3                                                   

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.)         2.2 and 2.3                      
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? same building but different floor (4th & 7th floors)
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 series of experiments is to introduce an engineered split-TET2 enzyme called CiDER (pronounced as “cider”) into mammalian cells for inducible DNA modification, such as hydroxymethylation, as well as epigenetic remodeling. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Minjung Lee: This method can help answer key questions in the epigenetics field, such as epigenome editing [1-MED]. 
1.1.1. Minjung speaks towards the camera, interview style.
1.2. Minjung Lee: The main advantage of this technique is that the engineered split-TET2 enzyme allows temporal control of 5-methylcytosine oxidation and subsequent remodeling of epigenetic states in mammalian cells with chemical additives [1-MED].  
1.2.1. Minjung speaks towards the camera, interview style.
*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
Protocol: (read by voice talent at JoVE)
2. Cell Culture, Plasmid Transfection and Chemical Induction
2.1. To begin this procedure, culture an adherent cell line in DMEM, supplemented with 10% heat-inactivated FBS, as well as 100 Units per milliliter of penicillin and streptomycin [1-MED-TXT].  Incubate the cells at 37 degrees Celsius with 5% CO2 [2-MED-over the shoulder]. 
2.1.1. Talent pipettes the medium over the cells.  TEXT Overlay: Human embryonic kidney HEK293T cells
2.1.2. Talent places the cells into the incubator.
2.2. Transfect the cells with the CiDER plasmid as described in the text protocol [1-MED or CU].  Then, incubate the cells overnight at 37 degrees Celsius [2-MED-over the shoulder].  The following day, replace the complete growth medium with 2 milliliters of fresh DMEM [3-CU].
2.2.1. Plate of cells as talent pipettes the CiDER plasmid in.
2.2.2. Talent places the plates of cells into the incubator.
2.2.3. Plate of cells as talent replaces the medium. Videographer note: Use 2.2.1
2.3. To chemically induce the cells, add 20 microliters of diluted rapamycin to the transfected cells maintained in 2 milliliters of medium to reach a final concentration of 200 nanoMolar [1-MED-over the shoulder].
2.3.1. Talent adds 20 microliters of diluted rapamycin to the transfected cells.
3. Quantification of Rrapamycin-Induced 5-hydroxymethylcytosine (5hmC) Production by Immunostaining
3.1. To perform flow cytometry, resuspend the transfected and rapamycin-induced cells in FACS (pronounced as “facks”) buffer [1-MED-TXT].  For the control group, use CiDER-expressing cells without rapamycin treatment [2-MED-over the shoulder].
3.1.1. Talent resuspends the transfected and rapamycin-induced cells in FACS buffer from a labeled container.  TEXT Overlay: See text for fluorescence-activated cell sorting (FACS) buffer 
3.1.2. Talent prepares the control cells. Videographer note: 3.1.1 and 3.1.2 filmed as one step.
3.2. Fix and permeabilize the cells as described in the text protocol [1-MED]. Then, add 2 Normal HCl to the cells to denature the DNA for 10 minutes [2-CU]. After incubation, discard the HCl [3-MED-over the shoulder].
3.2.1. Talent fixes (Videographer note: 15 minutes) and permeabilizes the cells (Videographer note: total 30 minutes)
3.2.2. Talent permeabilizes the cells Author note: I added the timer setting based on the manuscript.
3.2.3. Cells as talent adds 2 Normal HCl to the cells to denature the DNA.
3.2.4. Talent discards the HCl
3.3. After neutralizing and blocking the cells as described in the text protocol, add the diluted anti-5hmC (pronounced as 5-h-m-c”) antibody to the cells [1-CU-TXT].  Incubate the cells for 1 hour at room temperature or overnight at 4 degrees Celsius [2-MED-over the shoulder].
3.3.1. Cells as talent adds the antibody from a labeled container.  TEXT Overlay: 1:200
3.3.2. Talent places the cells at 4 degrees Celsius.
3.3.2.a Added shot: Shows the container on the rotator.
3.4. Following incubation, wash the cells with FACS buffer, three times [1-MED].  Remove the FACS buffer thoroughly [2-CU].
3.4.1. Talent washes the cells with FACS buffer from a labeled container.
3.4.2. Cells as talent removes the FACS buffer thoroughly. 
3.5. Add a diluted fluorophore-conjugated secondary antibody for FACS analysis and incubate for 1 hour at room temperature [1-MED-over the shoulder-TXT]. 
3.5.1. Talent adds a diluted fluorophore-conjugated secondary antibody and then starts an adjacent timer to count down from one hour.  Use labeled containers.  TEXT Overlay: 1:400
3.6. Then, wash the cells with FACS buffer three times.  Following the wash, the samples are ready for FACS analysis [1-MED].
3.6.1. Talent washes the cells with FACS buffer from a labeled container. Videographer note: Use shot 3.4.1
4. Dot-Blot Assay to Quantify 5hmC and 5-methylcytosine (5mC) Amounts 

4.1. Isolate genomic DNA from transfected and rapamycin-induced cells using a commercial DNA extraction kit [1-MED].  For the control group, use CiDER-transfected cells without rapamycin treatment [2-CU].
4.1.1.  Added shot: Talent resuspends cells in buffer and places the sample into the column. 
4.1.1.a Added shot: Talent centrifuges the sample.

4.1.1.b Added shot: Talent performs DNA elution

4.1.1.c Added shot: Talent centrifuges sample.

4.1.1.d Added shot: Talent performs DNA elution

4.1.1. Talent uses the commercial DNA extraction kit to isolate the genomic DNA transfected and rapamycin-induced cells. 
4.1.2. Untreated cells as talent harvests them for DNA extraction.  
Author note: The entire procedure takes 0.5 to 1 hours. These steps can be abbreviated in the video because this is the process for general DNA isolation using a commercial kit.
4.2. Heat the vacuum oven to 80 degrees Celsius [1-MED-over the shoulder].  Pre-soak the nitrocellulose membrane in double-distilled water and then in 6x SSC buffer for 10 minutes [2-CU-TXT].
4.2.1. Talent heats the vacuum oven to 80 degrees Celsius.
4.2.2. Nitrocellulose membrane as talent transfers it from double-distilled water…
4.2.2.a Added shot: to SSC buffer.  Use labeled containers.  TEXT Overlay:  SSC = saline-sodium citrate Author note: these steps were separated into two shots.
4.3. Next, load 60 microliters of equal amounts of DNA to a 96-well PCR plate [1-MED].  Add 30 microliters of TE buffer to the rest wells [2-MED-over the shoulder-TXT].
4.3.1. Talent loads 60 microliters of equal amounts of DNA to a 96-well PCR plate.  Use labeled containers.
4.3.2. Plate as talent adds 30 μL of TE buffer to the rest wells.  Use labeled containers.  TEXT Overlay: TE buffer = 10 mM Tris-HCl, 1 mM EDTA, pH 8.0 
4.4. Make two-fold serial dilutions vertically on the 96-well plate by transferring 30 microliters of solution in row 1 to the same column position in row 2 [1-ECU].  Mix again and transfer 30 microliters of solution to the wells in the subsequent row until the boundary is reached [2-CU].  Then, remove the last 30 microliters from the well [3-MED-over the shoulder].
4.4.1. Plate as talent makes two-fold serial dilutions vertically on the 96-well plate by transferring 30 microliters of solution on row 1 to the same column position on row 2. Plate as talent mixes again and transfers 30 microliters of solution to the wells in the subsequent row till reaching the boundary. Talent removes the last 30 microliters from the well. Author note: all three steps were filmed as one shot
4.4.2. Plate as talent mixes again and transfers 30 microliters of solution to the wells in the subsequent row till reaching the boundary.
4.4.3. Talent removes the last 30 microliters from the well.
4.5. Next, add 20 microliters of 1 Molar sodium hydroxide and 10 milliMolar EDTA to each well [1-CU].  Seal the plate and heat the mixture for 10 minutes at 95 degrees Celsius to completely denature the DNA duplex [2-MED-over the shoulder].
4.5.1. Plate as talent adds 20 microliters of 1 Molar sodium hydroxide and 10 milliMolar EDTA to the wells from labeled containers.
4.5.2. Talent places the sealed plate at 95 degrees Celsius. 
4.6. Immediately cool down the samples on ice [1-MED].  Add 50 microliters of ice-cold 2 Molar ammonium acetate to each well, and incubate on ice for 10 minutes [2-CU]. 
4.6.1. Talent transfers the plate to ice.
4.6.2. Plate on ice as talent adds 50 microliters of ice-cold 2 Molar ammonium acetate (pH 7.0) from a labeled container.
4.6.2.a Added shot: talent returns plate to ice
4.7. Meanwhile, assemble the dot blot apparatus with the pre-soaked membrane [1-MED-over the shoulder].  Remove the residual buffer using a full vacuum [2-CU].  
4.7.1. Talent assembles the dot blot apparatus with the pre-soaked membrane.
4.7.2. Plate as talent removes the residual buffer using a full vacuum.
4.8. Wash the membrane by adding 200 microliters of TE buffer to each well of the dot blot apparatus [1-MED-over the shoulder].  Turn on the vacuum to remove TE buffer [2-CU].
4.8.1. Talent adds 200 microliters of TE buffer to each well of the dot blot apparatus.
4.8.2. Plate as talent turns on the vacuum to remove the TE buffer.
4.9. Next, load the denatured DNA to each well of the dot blot apparatus [1-MED-over the shoulder].  Wash the membrane by adding 200 microliters of 2x SSC and remove residual solutions completely using a vacuum [2-CU].
4.9.1. Talent loads the denatured DNA to each well of the dot blot apparatus and removes solutions using the vacuum. 
4.9.2. Plate as talent finishes up adding 200 microliters of 2x SSC to the wells and then removes residual solutions using the vacuum. 
4.10. Disassemble the dot blot apparatus [1-MED].  Then, take out the membrane and rinse the whole membrane with 20 milliliters of 2x SSC [2-CU].  Air-dry the membrane for 20 minutes [3-MED-over the shoulder].  To further dry the membrane, bake it at 80 degrees under vacuum for 2 hours [4-MED]. 
4.10.1. Talent disassembles the dot blot apparatus.
4.10.2. Membrane as talent removes it and rinses it with 20 mL of 2x SSC.
4.10.3. Talent leaves the membrane to air-dry and starts an adjacent timer to count-down from 20 minutes.
4.10.4. Talent places the membrane into the oven.
4.11. Add the blocking solution to the membrane and incubate for 1 hour at room temperature [1-CU-TXT].  After discarding the blocking solution, add the diluted 5hmC or 5mC antibodies to the membrane and incubate overnight at 4 degrees Celsius [2-MED-over the shoulder-TXT].
4.11.1. Membrane as talent adds the blocking solution there.  TEXT Overlay: Blocking solution = 5% skim milk in TBST
4.11.1.a Added shot: Remove milk and wash with TBST
4.11.2. Talent adds the diluted antibodies to the membrane.  TEXT Overlay: 5hmC (1:5,000), 5mC (1:1,000). Talent place the membrane at 4 degree Celsius. Videographer note: 4.11.1.a and 4.11.2 were filmed in one shot.
4.12. Wash the membrane with TBST three times for 10 minutes to remove residual antibodies [1-CU].  After removing the TBST thoroughly, add an HRP-conjugated secondary antibody to the membrane [2-MED-TXT].  Incubate the membrane for 1 hour at room temperature [3-MED-over the shoulder]. 
4.12.1. Membrane as talent washes with TBST from a labeled container.
4.12.2. Talent adds an HRP-conjugates secondary antibody to the membrane.  TEXT Overlay: 1:10,000 for anti-rabbit HRP
4.12.3. Talent leaves the membrane at room temperature and starts a timer to count-down from 1 hour.
4.13. Wash the membrane with TBST three times for 10 minutes [1-MED].  Finally, add ECL western blotting substrate to the membrane for visualization of 5hmC signals using a chemiluminescence detector [2-CU].
4.13.1. Talent washes the membrane with TBST from a labeled container.
4.13.2. Membrane as talent adds the ECL western blotting substrate.  Use labeled containers.
5. Results: Validation of Chemically Induced 5hmC Levels
5.1. A representative quantification result of CiDER-mediated 5hmC production by flow cytometry is shown here [1-LM].  Only cells expressing CiDER under rapamycin-treated conditions show significant increase of 5hmC levels [2-LM].
5.1.1. 56858fig1Clarge – Authors, please provide figure 1C as a separate figure, without the “C” label. 
5.1.2. 56858fig1Clarge – Editors, please highlight the box labeled “26.6%” in the bottom right plot.
5.2. A representative result of the global change of 5hmC level in the whole cell population by dot blot assay is shown here [1-LM].  The loading control is visualized by ethylene blue staining of total amounts of input DNA [2-LM]. 
5.2.1. 56858fig1Elarge – Authors, please provide figure 1E as a separate figure, without the “E” label.  Also, please capitalize the “c” in ciDER on the methylene blue plot.  
5.2.2. 56858fig1Elarge - Editors, please zoom in to the bottom rectangle.
5.3. The results demonstrate that rapamycin treatment induces robust production of 5hmC in CiDER expressing HEK293T cells with negligible background activity [1-LM]. 
5.3.1. 56858fig1Elarge – Editors, staying zoomed in, please slide up to the top rectangle.  Then, overlay a highlighted box over the bottom row of dots in the top rectangle (CiDER, +Rap).
6. Conclusion (said by authors on camera)

6.1. Minjung Lee: Once mastered, this technique can be done in a week if it is performed properly [1-MED].
6.1.1. Minjung speaks toward the camera, interview style.
6.2. Minjung Lee: After its development, this technique paved the way for researchers in the field of epigenetics to explore cellular functions without altering the genetic code, and to probe the epigenotype−phenotype relations in various biological systems [1-MED].
6.2.1. Minjung speaks toward the camera, interview style.
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.
56858fig1Clarge – Authors, please provide figure 1C as a separate figure, without the “C” label. 
56858fig1Elarge – Authors, please provide figure 1E as a separate figure, without the “E” label.  Also, please capitalize the “c” in ciDER on the methylene blue plot.  
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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