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Title: Isolation of Specific Genomic Regions and Identification of Associated Molecules by enChIP
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted.

__Step 3, Step 4, Step 5, Step 8, Step 9 ___
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 to be filmed by their protocol numbers. (Please do not list an entire section.)

Step 5.2, Keep the position of the tip of the sonication probe 0.5 cm above the bottom of the tube to avoid foaming.
E.  Will the filming need to take place in multiple locations? (Y/N) Yes, a few different rooms will be used in a research building.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to isolate a specific genomic region retaining molecular interactions for identification of molecules interacting with the genomic region. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hodaka Fujii: This method can help answer key questions in the genome functions field, such as transcription and epigenetic regulation. 

1.2. Hodaka Fujii: The main advantage of this technique is that it enables direct identification of molecules interacting with a specific genomic region.   

1.3. Hodaka Fujii: Demonstrating the procedure  will be Toshitsugu Fujita, an assistant professor from my laboratory.

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student Toshitsugu Fujita looks up from workbench or desk or microscope cell culture hood and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Preparation of Tagged Chromatin
2.1. Following the text protocol, engineer the DNA-binding molecules of interest. [WID]

2.1.1. Establishing shot, talent working at bench doing some molecular biology

2.2. This entails generating the gBlock sequence of interest and inserting it into a retrovirus to produce the guide RNA complexed with three FLAG-dCas9 (pronounce as "D-kas 9"). Alternatively, three FLAG-TAL (pronounce as "tal") protein recognizing the target sequence can be generated. [LM]
2.2.1. Fig2
2.3. Then, following the text protocol, transfect the cells with the prepared retrovirus. [2.3.1-WID] Confirm the transfection using PCR or other methods and establish the cell line. [2.3.2-WIDFOL]

2.3.1. Transfecting cells, shown at a distance

2.3.2. Unloading suspension culture for incubator and taking to hood
2.4. Now, proceed by cross-linking the cells with formaldehyde. [2.4.1-MED] Suspend 20 million transfected cells in 30 ml of regular culture medium and [2.4.2-CU] add 810 µL of 37% formaldehyde, for a final concentration of 1%.  [2.4.3-MED]

2.4.1. At hood, preparing to aliquot cells into tube

2.4.2. Adding aliquot of cells to tube

2.4.3. Taking aliquot of PFA formaldehyde and adding to cells in tube
2.5. Incubate the mixture for five minutes at 37 ºC.  [MED]

2.5.1. Setting up the incubation, show if any agitation is used
2.6. After five minutes, kill the crosslinking reaction by adding 3.1 mL of 1.25 molar glycine.  [2.6.1-MED] Let the cells sit at room temperature for 10 minutes before proceeding. [2.6.2-CU]

2.6.1. Arriving to hood with cells, taking aliquot of glycine

2.6.2. Adding glycine to cells with PFA formaldehyde, mixing tube and starting a 10 min timer 
2.7. Next centrifuge the cell tube at 300 Gs {Comment: delete "s"} for five minutes in a refrigerated centrifuge. [MED]

2.7.1. Loading and programming centrifuge

2.8. Carefully discard the supernatant [2.8.1-ECU] and wash the cell pellet in 30 mL of PBS by mixing [2.8.2-CU/TEXT] and centrifugation.  Perform two PBS washes. [2.7.1/TEXT]

2.8.1. Removing supernatant from spun down tube

2.8.2. Adding PBS to pellet and getting into solution, TEXT: Wash 2X PBS

TEXT: Wash 2X PBS

2.9. If needed, the washed pellet of fixed cells can be stored at -80 ºC. [ECU]
2.9.1. Removing supernatant after 2nd wash leaving pellet of cells
2.10. Continuing on, collect the chromatin from the cells.  Suspend them in 10 mL of lysis buffer [2.10.1-CU] and incubate them on ice for 10 minutes. [2.10.2-CU]

2.10.1. Adding buffer to pelleted cells and mixing

2.10.2. Placing mixture of cells on ice, starting timer
2.11. Then, using a refrigerated centrifuge, [2.11.1-MED/TEXT] collect the cells and discard the supernatant carefully. [2.11.2-CU]
2.11.1. Opening and unloading centrifuge, TEXT: 830 x g, 8 min, 4 ºC
2.11.2. Removing supernatant off pellet of cells
2.12. Now, suspend the cell pellet in nuclear lysis buffer [2.12.1-MED] and incubate it on ice for 10 minutes.  [2.10.2] Every few minutes during the incubation, briefly vortex the mixture. [2.12.2]

2.12.1. Adding nuclear lysis buffer to pellet and mixing pellet into buffer

2.12.2. Removing cells from ice and vortexing briefly 
2.13. Again, collect the cells by centrifugation.  [2.11.1]
TEXT: 830 x g, 8 min, 4 ºC

2.14. Now, wash the pellet with 10 mL of PBS [2.14.1-MED] and remove the wash solution with another centrifugation. [2.7.1/2.14.2TEXT] This produces the chromatin fraction and, if desired, it can be flash frozen and stored at -80 ºC.  [2.7.3-CU]
2.14.1. Adding PBS to cells the pellet and mixing pellet into PBS vortexing
2.14.2. TEXT: 830 x g, 10 min, 4 ºC
2.14.3. Removing supernatant from chromatin fraction (pellet)
2.15. Proceed by suspending the chromatin-pellet in 800 µL of modified lysis buffer three [2.15.1-MED] and transfer the suspension to a smaller 1.5 mL tube. [2.15.2-MED]

2.15.1. Film as written, show solution bottle label “lysis buffer 3”

2.15.2. Film as written
2.16. Now, power up a sonication probe at level three power with continuous duty.   [CU]

2.16.1. Film as written, show settings being set
2.17. To fragment the chromatin, manually cycle between 10 seconds of sonication and 20 second on ice.  [2.17.1-MED] On every fifth or sixth cycle extend the ice phase to two minutes so the sample doesn't overheat. [2.17.2-MED]

2.17.1. Show a few cycles of sonication

2.17.2. A sonication cycles with a prolonged cooling phase
2.18. Perform the sonication cycle 10 to 18 times, [2.18.1-CU] keeping the tip of the probe off the bottom the tube to avoid foaming up the sample. [2.18.2-ECU]

2.18.1. Tube, while being sonicated

2.18.2. Tube, during sonication, showing position of sonication probe
2.19. After the sonication, collect the sample with a fast refrigerated centrifugation. [MED]
2.19.1. Loading the centrifuge and programming, TEXT: 16,000 x g, 10 min, 4 ºC

2.20. Then, transfer the supernatant, containing the fragmented chromatin, [2.20.1-CU] to a new tube and discard the pellet. See the text protocol on how to evaluate the fragmentation. [2.20.2-CU] 
2.20.1. Removing supernatant from tube
2.20.2. Transferring supernatant to new tube, discarding pellet tube, labeling new tube 
3. Chromatin Immunoprecipitation
3.1. To prepare for the immunoprecipitation, first conjugate the antibodies to dynabeads. [3.1.1-WID/TEXT]

3.1.1. Conjugating antibodies to dynabeads, any representative actions, TEXT: See the text protocol for details.

3.2. This immunoprecipitation is scaled to samples derived from 20 million cells.  [MED]

3.2.1. Conjugating antibodies to dynabeads, last step of procedure
3.3. Add a one-fifth volume of modified lysis buffer three with Triton X-100 [3.2.2-MED] to the fragmented chromatin, to get a final concentration of 1% Triton. [3.2.3-CU]

3.3.1. Taking aliquot of lysis buffer 3 + X-100 show bottle label

3.3.2. Adding aliquot to chromatin volume and mixing
3.4. Next, add the mixture to the magnetic beads conjugated to normal mouse IgG.  [MED]

3.4.1. Film as written

3.5. Incubate the reaction for an hour on a rotator with refrigeration. [MED]

3.5.1. Setting up incubation, with rotator action at RT 4°C
3.6. Later, attract the beads from the solution for three minutes on a magnet stand.  Then collect the supernatant.  [ECU]

3.6.1. Bead collecting onto magnet next to tube, followed by removing supernatant

3.7. Transfer the supernatant to the tube of magnetic beads conjugated to anti-FLAG antibodies.  [MED]

3.7.1. Film as written
3.8. Run this conjugation reaction overnight, on a rotator, at 4 ºC. [WID]

3.8.1. Setting up incubation, as described
3.9. The next morning, apply a magnet to the tube for three minutes to collect the beads. Then, pipette out the supernatant [3.6.1] and discard it. Now, wash the beads. Suspend them in 1 ml of low salt buffer [3.9.1-MED] and incubate them for five minutes on a rotator at 4 ºC. [3.9.2-MED]
3.9.1. Ejecting solution into waste, magnetized beads in view, adding low salt buffer to beads.

3.9.2. Setting up the incubation
3.10. Following the incubation, isolate the beads magnetization and discard the supernatant. [MED/TEXT]

3.10.1. Film as written, TEXT: Magnetizations are always 3 minutes.

3.11. Repeat this wash step [3.9.1] with low salt buffer [3.9.2] once more.  [3.10.1]
3.12. Using the same technique, perform two more washes using high salt buffer. [MED/TEXT]
3.12.1. Removing and discarding supernatant while beads collected by magnet, then adding High Salt Buffer aliquot to tube and setting up an incubation, TEXT: High Salt Buffer Wash 2X

3.13. Continue using the method to wash the beads in Lithium Chloride buffer twice. [MED/TEXT]
3.13.1. Removing and discarding supernatant while beads collected by magnet, then adding Lithium Chloride buffer aliquot to tube and setting up an incubation, TEXT: LiCl Buffer Wash 2X

3.14. Finally, wash the beads with TBS-IGEPAL CA-630 (Pronounce "T-B-S igepal C-A-6-3-0". "i" of "igepal" should be pronounced as "i" but not "ai") just once. [MED]
3.14.1. Removing and discarding supernatant while beads collected by magnet, then adding TBS-IGEPAL CA-630 aliquot to tube and setting up an incubation TEXT: TBS-IGEPAL CA-630 Wash 1X
Videographer, steps 3.9-3.14 and very similar, but the key difference is the solution in use, so be sure to show the labels of those stock solutions and make sure they’ll be legible to the viewers.
3.15. After the seven wash steps, suspend the bead in 200 µL of elution buffer [3.15.1-CU] and incubate them at 37 ºC for 20 minutes.  [3.15.1-MED]

3.15.1. Setting up elution buffer incubation

3.16. Then, attract the beads by magnetization and collect the supernatant into a new tube. Repeat this elution step to increase the yields.  [3.16.1-MED/TEXT] [3.15.2/TEXT]

3.16.1. Removing and discarding transferring supernatant to a new tube while beads collected by magnet, then adding elution buffer aliquot to tube, TEXT: Elute 2X
TEXT: Elute 2X
3.17. Then, purify about 5% of the DNA to estimate the yield. [WID/TEXT]
3.17.1. Representative action of DNA-purification procedure, TEXT: See the text protocol for details.
4. Immunoprecipitated Chromatin Analysis
4.1. Begin by mixing the bulk of the eluate into a precipitation reaction.  [WID/TEXT]

4.1.1. Mixing up precipitation reaction, TEXT: 400 µL eluate, 1 mL isopropanol, 50 µL 3M CH3COONa pH 5.2, 5 µL glycogen (20 mg / mL)
4.2. Precipitate the chromatin overnight at -20 ºC. [MED]

4.2.1. Loading reaction into freezer, show if rotator is used 
4.3. The next day, centrifuge the sample and discard the supernatant. [MED/TEXT]
4.3.1. Unloading centrifuge and removing supernatant from tube, ejecting to waste, TEXT: 16,000 x g, 30 min, 4 ºC

4.4. Rinse the pellet with a milliliter of 70% ethanol [4.4.1-MED] and repeat the centrifugation for 10 minutes.  Then, discard the supernatant [4.3.1/(4.4.2)TEXT] and suspend the pellet in 40 µL of 2X sample buffer. [4.4.3-MED]

4.4.1. Suspending pellet in 70% ethanol

4.4.2. TEXT: 16,000 x g, 10 min, 4 ºC
4.4.3. Suspending pellet in sample buffer
4.5. Now, vortex the suspension for a full five minutes. Then [4.5.1-CU] incubate it at 100 ºC for 30 minutes to denature and reverse the crosslinking. [4.5.2-MED]

4.5.1. Tube on vortex

4.5.2. Removing tube from vortex and placing it in a boiling water bath heat block, starting timer
4.6. After the boil, run 40 µL of the sample out on an SDS-PAGE gel.  Usually a 4 to 20 percent gradient is employed. [4.6.1-MED] Run the gel until the dye travels one centimeter below the well. [4.6.2-CU]

4.6.1. Loading an SDS-PAGE, show how many lanes are loaded and size of gel

4.6.2. Gel wells and dye, the dye has traveled about 1 cm, have talent hold a ruler to the dye and gel to emphasize distance – if the gel can be running during this observation that would be nice
4.7. Then, stain the gel and cut it into five pieces that are about 2-mm long. [MED]

4.7.1. Cutting sections from stained gel

4.8. Elute the protein from the gel pieces and use it for mass spec analysis.  [MED]

4.8.1. Representative step of gel elution procedure, like loading gel chunks into solution
4.9. Purification of the RNA followed by sequencing analysis are covered in the text protocol. [2.1.1] Took new shot
5. Results: enChIP to Telomere and the Interferon Regulatory Factor-1 (IRF-1) Promoter Regions
5.1. Overall, up to 10% of target genomic regions can be purified using enChIP (pronounce as "N-chip").  Seen here are yields of analyses targeting the promoter region of IRF-1 (Pronounce as I-R-F one) gene as compared to the non-specific Sox2 locus.

5.1.1. Fig 3A

5.2. Another example is the targeting telomeres versus non-specific gamma-satellite locus.
5.2.1. Fig 3B
5.3. enChIP-SLAC identified several proteins associated with the IRF-1 promoter in an interferon-gamma-specific manner.

5.3.1. Table 1

5.4. Telomere-binding proteins were also identified by enChIP combined with mass spectrometry.

5.4.1. Table 2

5.5. enChIP RNA sequencing was then used to identify the RNAs associated with the telomeres.

5.5.1. Table 3
6. Conclusion (said by authors on camera)
6.1. Hodaka Fujii: After its development, this technique paved the way for researchers in the fields of transcription and epigenetic regulation to explore such molecular mechanisms in various biological systems.

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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