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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)_NA________
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: _NA____________________________________________

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.) _2.14, 2.15, 3.2, 3.5, 4.7__________________________________________
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.) _4.7__________________________
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 two different labs located on the 3rd and 4th floor maybe approx. 200’ apart.
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. Mridul Mukherji: This method can help answer key questions in the epigenetics and TET2-mediated 5-methylcytosine demethylation field, such as the analysis of activity of normal and clinical TET2 mutations [1-MED].
1.1.1. Mridul speaks towards camera (looking slightly off-camera), interview style.
1.2. Mridul Mukherji: The main advantage of this technique is that native TET2 can be purified in a single step and its activity can be analyzed, in terms of formation of all three products [1-MED].
1.2.1. Mridul speaks towards camera (looking slightly off-camera), interview style.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. **Mridul Mukherji: Several graduate students will be demonstrating the procedure [1-MED].  The protein-purification will be performed by Chayan Bhattacharya… [2-MED], the TET2-assay by Aninda Sundar Dey… [3-MED], and the LC-MS/MS analysis by Navid J. Ayon [4-MED]. 
1.3.1. Mridul speaks towards camera (looking slightly off-camera), interview style.
1.3.2. Chayan Bhattacharya looks up from workbench or desk and acknowledges the camera.
1.3.3. Aninda Sundar Dey looks up from workbench or desk and acknowledges the camera. 
1.3.4. Navid J. Ayon looks up from workbench or desk and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Cloning and Purification of Untagged Human TET2 Dioxygenase
2.1. For bacterial transformation, add 1 microliter of recombinant pDEST14 (pronounced as “p-dest-fourteen”) destination expression vector containing untagged human TET2 (pronounced as “tet-two”) dioxygenase to 100 microliters of chemically competent E. coli BL21-DE3 cells in a 1.7 milliliter tube [1-MED-TXT]/[2-CU]. 
2.1.1. Talent adds 1 microliter of vector to 100 microliters of chemically competent E. coli BL21-DE3 cells in a 1.7 milliliter tube.  Use labeled containers.  Match action in next shot.  TEXT Overlay: See text for more information on cloning
2.1.2. 1.7 mL tube as talent adds the vector to the cells.
2.2. After incubation on ice for at least 15 minutes, heat-shock the mixture at 42 degrees Celsius for 30 seconds in a water bath [1-MED-over the shoulder].
2.2.1. Talent moves the tube from ice to the heat bath. 
2.3. Immediately after heat shock, place the cells back on ice for a minimum of 2 minutes [1-CU]. Following this, add 250 microliters of super optimal broth with catabolite repression to cells [2-MED].  Incubate the bacterial cells for 1 hour at 37 degrees Celsius in a shaker [3-MED-over the shoulder]. 
2.3.1. Tube of cells as talent places it on ice.
2.3.2. Talent adds 250 microliters of SOC to the cells.  Use labeled containers.
2.3.3. Talent leaves the cells in the incubator and starts a timer to count-down from 1 hour.
2.4. After incubation, spin down the cells by centrifuging the tube at 9,000 x g for 1 minute [1-MED].  Discard 70% of the supernatant by pipetting, and dissolve the pellet in the remaining media [2-CU].
2.4.1. Talent places the cells into the centrifuge, shuts lid, and starts run.
2.4.2. Pellet as talent removes 70% of the supernatant and dissolves the pellet in the left over media. 
2.5. Spread the cell suspension on a Luria broth agar plate containing 100 micrograms per milliliter ampicillin [1-MED-over the shoulder].  Incubate the plate for 16 hours at 37 degrees Celsius [2-MED].
2.5.1. Talent spreads the cell suspension on a LB agar plate.
2.5.2. Talent places the plate into the incubator.
2.6. Select one isolated colony and inoculate it into 10 milliliters of LB-ampicillin media as a primary culture [1-CU].  Incubate the tube at 37 degrees Celsius in a shaker, overnight [2-MED].
2.6.1. Plate as talent selects one isolated colony.
2.6.2. Added shot: Inoculation of one isolated colony into 10 ml of LB-ampicillin media.
2.6.3. Added shot: Place this inoculated tube at 37 degrees Celsius in a shaker, overnight.
2.6.4. Added shot: Inoculate 100 microliters of bacterial culture into 100 milliliters of LB-ampicillin media in a flask.
2.6.5. Talent places the inoculated flask into the incubator. Use this as primary culture.
2.7. The next day, inoculate 15 flasks, each containing 600 milliliters of LB-ampicillin media, with 6 milliliters of primary culture per flask [1-MED-over the shoulder].  Incubate the flasks at 37 degrees Celsius on a shaker at 180 rpm [2-MED-TXT].
2.7.1. Talent uses 6 milliliters each of primary culture to inoculate 15 flasks, each containing 600 milliliters of LB-ampicillin media.
2.7.2. Talent places the flasks in the incubator.  TEXT Overlay: Verify transformed clones
2.8. To check the density of the bacterial culture, measure its optical density at 600 nanometers, or OD600, using a spectrophotometer [1-CU].
2.8.1. Spectrophotometer as talent places the cuvette in to measure the OD600.  
2.9. After the culture reaches a density of 0.8 at OD600, induce the expression of TET2 protein with 300 microliters of 1 Molar IPTG in each flask and grow the culture for an additional 16 hours at 17 degrees Celsius [1-MED-over the shoulder].
2.9.1. Talent adds 1M IPTG to each flask.
2.10. Following incubation, transfer the bacterial culture to centrifuge bottles [1-CU].  Centrifuge the bacterial culture expressing the TET2 enzyme at 5,250 x g for 45 minutes.  Use the bacterial pellet for TET2 purification [2-MED].
2.10.1. Bacterial culture as talent transfers it to centrifuge bottles.
2.10.2. Talent places the centrifuge bottles into the centrifuge, shuts lid and turns on.
2.11. Working on ice or at 4 degrees Celsius, resuspend the bacterial pellet in 100 milliliters of 50 milliMolar MES (pronounced as “M-E-S”) buffer, pH 6 [1-CU-TXT].  Then, take 5 milliliters of the cell suspension and bring it to 45 milliliters with the buffer [2-MED].   
2.11.1. Bacterial pellet as Talent resuspends in 100 mL of 50 mM MES.  Use labeled containers.  TEXT Overlay: MES = 2-(N-morpholino) ethane sulfonic acid
2.11.2. Talent takes 5 milliliters of the cell suspension and bring it to 45 milliliters with the buffer.
2.12. Sonicate the suspension for 5 times 30 seconds at power 20, with 60 second cooling intervals [1-MED-over the shoulder].
2.12.1. Talent sonicates the resuspended pellet.
2.13. Spin the lysate at 5,250 x g for 45 minutes [1-MED].  Collect the supernatant containing the soluble TET2 enzyme, and pass it through 0.45-micron filters before loading on an FPLC system [2-CU].
2.13.1. Talent places the lysate into the centrifuge, shuts lid, and turns on.
2.13.2. Talent runs the supernatant containing the soluble TET2 enzyme through 0.45 micron filters.
2.14. Pack 30 milliliters of a strong cation exchange resin into a FPLC column [1-MED].  Equilibrate the column with 10 bed volumes of wash buffer at the constant flow rate of 0.3 milliliters per minute using a FPLC system [2-MED-over the shoulder-TXT].
2.14.1. Talent packs 30 mL of a strong cation exchange resin into a FPLC column.
2.14.2. Talent runs the FPLC to equilibrate the column with wash buffer.  TEXT Overlay: Wash Buffer = 50 mM MES buffer, pH 6
2.15. Load the clarified lysate onto the pre-equilibrated column and wash with approximately 10 bed volumes of wash buffer until the flow through becomes clear [1-CU].
2.15.1. Clarified lysate as talent loads it onto the pre-equilibrated column.
2.16. Elute TET2 using a 0 to 100% gradient from the wash buffer to the elution buffer in 15 bed volumes, followed by a hold at 100% elution buffer for two-bed volumes [1-MED-over the shoulder-TXT].
2.16.1. Talent sets up the gradient and begins eluting protein.  TEXT Overlay: Elution Buffer = 50 mM MES buffer, pH 6, 1 M NaCl
2.17. Collect 100 microliter samples of cell lysate before and after column loading along with all the elution fractions and analyze on 10% resolving SDS-PAGE gel [1-CU].
2.17.1. Fractionator as the eluate comes off the column and is collected into the tubes. 
2.18. Pool the fractions containing TET2 protein and freeze dry the protein [1-MED].  Then, dissolve the enzyme in 10 milliliters of water and store at minus 80 degrees Celsius [2-CU].
2.18.1. Talent submerges the fractions into liquid nitrogen.
2.18.2. Freeze-dried protein in the tubes as talent dissolves it in water.
3. 5mC Oxidation by TET2 Dioxygenase
3.1. Perform all demethylation reactions in triplicate with 3 micrograms of substrate [1-MED-over the shoulder-TXT]. 
3.1.1. Talent sets up/labels the tubes in triplicate for the demethylation reactions.  TEXT Overlay: See text for substrate.
3.2. Add 100 micrograms of purified TET2 enzyme to 50 microliters of total reaction buffer [1-CU-TXT].  Following one hour incubation at 37 degrees, quench the TET2 catalyzed oxidation reactions with 5 microliters of 500 milliMolar EDTA [2-MED].
3.2.1. 50 microliters of total reaction buffer as talent adds 100 micrograms of purified TET2 enzyme there.  TEXT Overlay: See text for total reaction buffer
3.2.2. Talent adds 5 microliters of 500 mM EDTA to the tubes.  Use labeled containers.
3.3. To prepare samples for analysis, separate the DNA from the TET2 reaction mixture by first adding 100 microliters of oligo binding buffer to 55 microliters of quenched reaction [1-CU].
3.3.1. Reaction tubes as talent adds 100 microliters of oligo binding buffer to 55 microliters of quenched reaction.  Use labeled containers.
3.4. Following this, add 400 microliters of 100% ethanol to the mixture [1-MED].  Pass this mixture through an oligo binding column [2-CU].  After washing the bound DNA with 750 microliters of wash buffer, elute the DNA in 20 microliters of water [3-MED-over the shoulder].
3.4.1. Talent adds 400 microliters of 100% ethanol to the mixture.  Use labeled containers.
3.4.2. Oligo binding column as talent passes the mixture through there.
3.4.3. Talent elutes the DNA in 20 microliters water.
3.5. Now, digest the isolated DNA with 2 units of DNase I and 60 units of S1 nuclease at 37 degrees Celsius for 12 hours to produce individual nucleoside-monophosphates [1-CU].
3.5.1. Tubes of isolated DNA as talent adds digestion enzymes from labeled containers. 
3.6. Following digestion, add 2 units of calf intestinal alkaline phosphatase to the samples [1-MED].  Incubate for an additional 12 hours at 37 degrees Celsius to remove the terminal phosphate groups from the nucleoside-monophosphates, and obtain the nucleosides [2-MED-over the shoulder or CU].
3.6.1. Talent adds 2 units of CIAP to the samples from a labeled container.
3.6.2. Samples as talent places them into the incubator.
4. Quantitative Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS)-based Assay Development
4.1. Prepare a 100 microMolar stock solution of all the modified cytosine nucleosides and the normal DNA bases in HPLC-grade water for the development of the LC-MS/MS method [1-CU].
4.1.1. Sample tubes as talent works to prepare a 100 microMolar stock solution of all the modified cytosine nucleosides and the normal DNA bases in HPLC-grade water.  Use labeled containers.
4.2. Optimize the nucleoside-dependent MS/MS parameters by infusing stock solutions, one at a time, in the mass spectrometer at a flow rate of 10 microliters per minute in Enhanced MS scan mode [1-MED]. Several parameters can be optimized using the automated quantitative optimization feature of the software for each DNA nucleoside [1-MED-over the shoulder-TXT].
4.2.1. Talent works to infuse each solution onto the MS at a flow rate of 10 microliters per minute in Enhanced MS scan mode. Talent uses the automated quantitative optimization feature of the software to optimize the parameters for each DNA nucleoside.  TEXT Overlay: See text for list of parameters.
4.3. At this point, optimize the remaining parameters for each DNA nucleoside using the manual quantitative optimization feature of the software in Flow Injection Analysis mode [1-MED-over the shoulder].
4.3.1. Talent works with the manual quantitative optimization feature of the software in Flow Injection Analysis mode to optimize the parameters.  
4.4. Now, optimize source-dependent MS/MS parameters by injecting 10 microliters of stock solution, using a gradient with 25% solvent B at a flow rate of 0.3 milliliters per minute [1-CU-TXT].
4.4.1. MS instrument as talent places the inlet tubes into the labeled containers of solvent.  Solvent A = 10 mM NH4CH3CO2 (pH 4.0), Solvent B = 20% ACN, 10 mM NH4CH3CO2 (pH 4.0)
4.5. To separate all eight DNA nucleosides, perform liquid chromatography as detailed in the text protocol on a C18 column [1-CU-TXT].
4.5.1. C18 column as talent attaches it to the system.  TEXT Overlay: Particle Size: 5 µm, Pore Size: 120 Å
4.6. Finally, detect and quantify all nucleosides using the LC-MS/MS method and standard curves [1-MED-over the shoulder or WIDE].
4.6.1. Talent works on the LC-MS/MS to quantify the nucleosides.
5. Results: Investigating the Role of the TET2 Enzyme in Normal Development and Disease
5.1. Since the catalytic domain of TET2 has a relatively high isoelectric point as compared with most indigenous E. coli proteins, an efficient purification process utilizing a cation exchange chromatography was developed [1-LM].  This purification yielded greater than 90% pure TET2 enzyme in a single step [2-LM].
5.1.1. Fig1.jpg

5.1.2. Fig1.jpg – Video editors, please highlight the black arrow and corresponding “TET2” enzyme as this point is narrated.
5.2. In order to separate and quantify different deoxycytidine (pronounced as “dee-ok-si sit-i-deen”) derivatives and the four natural DNA bases following the TET2 enzymatic reaction, a sensitive LC-MS/MS-based assay was optimized.  Standard curves were drawn using serial dilutions of a mixture containing all nucleosides [1-LM]. 
5.2.1. Fig2.jpg – Video editors, consider zooming into a portion of the figure and panning through the spectra so that the video is not static for too long.
5.3. The results of the liquid chromatography… [1-LM] MS/MS method are shown here [2-LM].  The method allows for separation and quantification of the four normal DNA bases, as well as the four modified cytosine bases [3-LM]. 
5.3.1. Fig3.jpg – Video editors, please highlight the bottom chromatograph in figure 3.
5.3.2. Fig3.jpg – Video editors, please highlight the top spectrum in figure 3.
5.3.3. Fig3.jpg
6. Conclusion (said by authors on camera)

6.1. Mridul Mukherji: In this experimental procedure, we described the cloning of untagged human TET2 dioxygenase catalytic domain using a site-specific recombination technique and its efficient expression in a destination vector in E. coli [1-MED]. 
6.1.1. Mridul speaks towards camera (looking slightly off-camera), interview style.
6.2. Mridul Mukherji: We efficiently purified untagged TET2-enzyme utilizing cation exchange chromatography to yield greater-than 90% purity in a single step. Further, we have developed a novel liquid chromatography method to separate the four normal DNA bases and the four modified cytosine bases [1-MED].
6.2.1. Mridul speaks towards camera (looking slightly off-camera), interview style.
6.3. Mridul Mukherji: To quantify the eight nucleosides from TET2 catalyzed reactions, we have coupled our improved liquid chromatography method with tandem mass spectrometry [1-MED]. 
6.3.1. Mridul speaks towards camera (looking slightly off-camera), interview style.
6.4. Mridul Mukherji: This sensitive LC-MS/MS assay was then utilized to determine the activity of recombinant untagged human TET2 enzyme.  The approach described here will greatly enhance the evaluation of wildtype- and mutant TET2 dioxygenase activities [1-MED].
6.4.1.    Mridul speaks towards camera (looking slightly off-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.  
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Fig2.jpg
Fig3.jpg
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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