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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
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.) 2.4, 2.7, 2.8, 3.4, 3.5, 4.2 – 4.5
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.)  Protecting samples from light. I always work with the lights dimmed beginning at Step 2.4, keep my samples in amber Eppi tubes whenever possible, and further protect the samples from extraneous light with aluminum foil if possible.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _ the buildings (2 of them) are 1 block 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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to determine the genome-wide binding profiles of polyamides and other DNA-targeting small molecules in cells. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

	For interviews, go to the last 2 takes of each angle.
1.1. Graham Erwin: This method can help advance the field of drug-DNA chemistry, by using the genome to guide the design of DNA-targeting molecules. 
1.2. Graham Erwin: The main advantage of this technique is that direct ligand–DNA interactions are measured to provide insight into the mechanism of action for ligands that act on the genome.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Matt Grieshop: Some of the most successful therapeutic agents are molecules that bind to DNA and interfere with genomic transactions. Though this method was developed to study polyamides, it can also be applied to other classes of DNA-targeting molecules.


Protocol (read by voice talent at JoVE):

2. Crosslinking in live cells

2.1. The cells for this experiment are grown in E8 media on 10-cm dishes with a surface coat that supports pluripotent stem cells at 37°C in a humidified atmosphere of 5% CO2. [2.1.1 – MED – TXT] 

2.1.1. Talent taking five 10-cm dishes out of the incubator. TEXT: Refer to protocol text for cell culture.

2.2. Prior to adding the polyamide, remove the spent culture media [2.2.1 – MED] and add 8 mL of fresh media per 10-cm dish. [2.2.2 – CU] 

2.2.1. Talent (at hood) using a Pasteur pipette attached to a vacuum trap to remove media from a 10-cm dish.
2.2.2. 8 mL of fresh media being added with a serological pipette to the 10-cm dish.

2.3. From this point onward protect the cells from light to avoid premature photo-crosslinking.  [2.3.1 – WIDE/MED] 

2.3.1. Talent dimming the lights.

2.4. Using a pipette, add the polyamide directly to the culture media of each dish. [2.4.1 – CU – TXT] Swirl the dish to disperse the polyamide evenly into the media.  [2.4.2 – CU] 

2.4.1. Polyamide being added to one 10-cm dish. TEXT: 8 µL of 400 µM polyamide in DMSO; 400 nM final concentration
2.4.2. *film as written.

2.5. Incubate the cells at 37°C in a humidified atmosphere of 5% CO2 for 24 hours, and ensure they are protected from light. [2.5.1 – MED – TXT] 

2.5.1. Talent placing the 5 dishes at the back of the incubator and then closing the incubator door. TEXT: 37°C; 5% CO2; 24 h

2.6. On the following day, wash each 10-cm dish with 4 mL of PBS using a serological pipette and a pipette dispenser. [2.6.1 – MED] Aspirate the PBS and add 3 mL of E8 culture media. [2.6.2 – CU]

2.6.1. Talent removing media from a 10-cm dish and then adding 4 ml PBS.
2.6.2. *film as written.

2.7. With the lights dimmed, place the cells on a flat surface outside of the hood [2.7.2 – MED] and remove the lids of the 5 culture dishes [2.7.1 – CU].

(order of shots reversed) 

2.7.1. Lids of dishes being removed.
2.7.2. *film as written.

2.8. Place a glass filter over the 5 culture dishes to filter out light with λ < 300 nm. [2.8.1 – CU] Place the UV source on top of the filter. Crosslink the samples for 30 minutes with 365 nm UV irradiation. [2.8.2 – MED – TXT] 

2.8.1. A glass filter being placed over the 5 culture dishes.
2.8.2. Talent placing the UV source on top of the filter and starting the UV irradiation. TEXT: 30 min; 365 nm; 2.4 mW/cm2

2.9. After the UV irradiation, transfer the culture dishes back to the hood.  [2.9.1 – MED] Aspirate the media with a Pasteur pipette attached to a vacuum trap and wash each 10-cm dish with 4 mL of PBS. [2.9.2 – CU] Aspirate the PBS and add 3 mL of enzyme for cell dissociation per 10-cm dish. [2.9.3 – CU]

2.9.1. Talent placing culture dishes back in the hood.
2.9.2. Media from one dish being aspirated and then 4 ml of PBS added.
2.9.3. PBS from one dish being aspirated and 3 ml of enzyme added.

2.10. Incubate for 5 minutes at room temperature.  [2.10.1 – MED – TXT]

2.10.1. Talent putting 5 dishes into the 37°C incubator.  We filmed this step in the hood TEXT: 37°C; 5 min room temperature

2.11. Quench the enzyme with 3 mL of E8 media per dish.  [2.11.1 – CU] Transfer the dissociated cells into one 15-mL conical tube. [2.11.2 – CU] Place the cells on ice from this point onward. [2.11.3 – MED]

2.11.1. 3 mL of E8 media being added to a dish.
2.11.2. *film as written. Author:  do you pool cells from 5 dishes into one 15-ml tube? Yes
2.11.3. Talent putting a15-ml tube (only 1 tube?) Correct on ice.

2.12. Centrifuge the dissociated cells at 500 x g and 4 °C for 5 minutes. [2.12.1 – MED-TXT] Aspirate the supernatant to remove the enzyme and media. [2.12.2 – CU]

2.12.1. Talent putting 15-ml tube into centrifuge and starting the spin. TEXT: 500 x g; 4°C; 5 min
2.12.2. Supernatant being aspirated from 15-ml tube.

3. Isolation of chromatin

3.1. To begin the procedure for chromatin isolation, prepare the COSMIC (pronounce as one word; cosmic) Step buffer with fresh protease inhibitors. [3.1.1 – MED] Add 12.1 µL each of 100 mM PMSF, 100 mM benzamidine, and 150 µM pepstatin protease inhibitors fresh to the basal COSMIC buffer. [3.1.2 – CU-TXT] 

3.1.1. Talent setting out the basal COSMIC buffer and PMSF, benzamidine and pepstatin protease inhibitors.
3.1.2. *film as written. TEXT: final concentration of 1 mM PMSF, 1 mM benzamidine, 1.5 µM pepstatin Take 2 Best

3.2. Add 1.2 mL of the COSMIC buffer to the cell pellet and pipet up and down several times to resuspend it. [3.2.1 – MED] Then split the cell solution into two amber 1.7-mL microcentrifuge tubes. [3.2.2 – MED]

3.2.1. *film as written.
3.2.2. *film as written.

3.3. Sonicate with a sonicator to fragment the genome to sizes between 100 and 500 bp.  [3.3.1 – MED] 

3.3.1. Talent taking the two amber 1.7-mL microcentrifuge tubes to the sonicator.

3.4. Keep the level of the chromatin solution in the microcentrifuge tube parallel to the level of water in the reservoir. Confirm this level by visual inspection. [3.4.1 – MED]

3.4.1. *film as written.

3.5. The sonication time has been optimized empirically. Sonicate at 60% power, 10 seconds on and 10 seconds off, for 35 minutes. [3.5.1 – CU] Use a minimal amount of ice in the reservoir to chill the samples, and ensure the ice is not interfering between the samples and the cup horn. [3.5.2 – CU]
3.5.1. Tube being sonicated for 10 seconds.
3.5.2. Tube being chilled for 10 seconds.

3.6. When sonication is complete, centrifuge the sample at 12,000 x g for 10 minutes. [3.6.1 – MED – TXT] Save the aqueous solution containing soluble chromatin by transferring it to a new amber microcentrifuge tube. [3.6.2 – CU] Discard the pellet. [3.6.3 – MED]

3.6.1. Talent putting the two microcentrifuge tubes into the microcentrifuge. TEXT: 12,000 x g; 10 min
3.6.2. Aqueous solution from a microcentrifuge tube being transferred with a pipette to a new amber microcentrifuge tube.
3.6.3. *film as written.

3.7. Transfer 110 µL or 10% of the sample to a new microcentrifuge tube. [3.7.1 – CU] Label it as ‘Input DNA’ [3.7.2 – CU] and store at -80 °C. [3.7.3 – MED]

3.7.1. *film as written.
3.7.2. *film as written.
3.7.3. Talent putting tubes into -80 °C freezer.

3.8. Save the rest of the chromatin sample on ice for use in the next steps of this protocol. [3.8.1 – MED]

3.8.1. Talent putting the two tubes containing the rest of the sample on ice.

4. Capture of ligand–DNA crosslinks and isolation of affinity-purified DNA

4.1. To capture ligand–DNA crosslinks, add the remainder of the chromatin sample to the streptavidin-coated magnetic beads and resuspend the mixture. [4.1.1 – MED-TXT] Incubate the chromatin with the beads for at least 4 hours on a rotating, rocking mixer at 4°C. [4.1.2 – MED-multiple takes]

4.1.1. *film as written. TEXT: Refer to protocol text for preparation of beads.
4.1.2. Multiple takes of talent putting the tubes on the mixer. Shot will be repeated many times later.  Author: will you have 2 tubes throughout this procedure? Just 1 tube. After centrifugation (Step 3.6), I transfer the aqueous into 1 tube and proceed with 1 tube. Can’t be repeated use one of the multiple takes from 4.3.2 (used at room temp)

4.2. The required wash buffers should be prepared in distilled deionized water and filtered with a 0.2 µm filter before use.  Buffers 1 and 2 can be stored at 4 °C for several months, but Buffer 3 must be prepared fresh each day. [4.2.1 – MED] 

4.2.1. Talent setting out the 3 prepared buffers.

4.3. When the incubation of the chromatin with the streptavidin-coated magnetic beads is complete, wash the sample for 7 minutes with Wash Buffer 1. [4.3.1 – CU]  [4.3.2 – reuse shot] 

4.3.1. Wash buffer 1 being added to a tube.
4.3.2. Use shot from 4.1.2.

4.4. Place the sample in a magnetic separation rack to capture the beads [4.4.1 – MED] and remove Wash Buffer 1. [4.4.2 – CU]

4.4.1. *film as written.
4.4.2. Wash Buffer 1 being removed from tube with a pipette.

4.5. Add Wash Buffer 2 [4.5.1 – CU] and wash for another 7 minutes. [4.5.2 – reuse shot] Then wash twice with Wash Buffer 3, [4.5.3 – CU] for 7 minutes per wash. [4.5.4 – reuse shot-TXT] Lastly, wash twice with TE buffer. [4.5.5 – CU-TXT]

4.5.1. *film as written.
4.5.2. Use shot from 4.1.2.
4.5.3. Wash buffer 3 being added to a tube.
4.5.4. Use shot from 4.1.2. TEXT:  Wash 2X with Wash Buffer 3.
4.5.5. TE being added to a tube.  TEXT: Wash 2X with TE.

4.6. After the final TE buffer wash, resuspend the beads in 200 µL of TE buffer. This sample of captured DNA is referred to as affinity-purified, or AP, DNA. [4.6.1 – CU]

4.6.1. 200 µL of TE buffer being added to a tube with a pipette and beads are resuspended.

4.7. Next supplement the Input DNA and AP DNA with 10x Crosslink Reversal Buffer to a final concentration of 1x. [4.7.1 – MED] Incubate for 30 minutes at 90°C. [4.7.2 – CU-TXT]

4.7.1. Talent adding Crosslink Reversal Buffer to tube with Input DNA (from 3.7) and to tube with AP DNA (from 4.6).
4.7.2. Tubes being placed at 90°C.  TEXT: 30 min; 90°C

4.8. Place the microcentrifuge tube containing the AP DNA on the magnetic separation rack for 2 minutes at room temperature. [4.8.1 – MED] Then transfer the liquid containing the AP DNA to a new amber microcentrifuge tube. [4.8.2 – CU]

4.8.1. *film as written.
4.8.2. *film as written.

4.9. After neutralizing the Input and AP DNA, add RNase A to both DNA samples to a final concentration of 0.2 µg/µL. [4.9.1 – MED] Incubate for 1 hour at 37°C. [4.9.2 – MED-TXT]

4.9.1. Talent adding RNase A to Input and AP DNA. 
4.9.2. *film as written. TEXT: 1 h; 37°C

4.10. After 1 hour, add Proteinase K to both the Input DNA and AP DNA to a final concentration of 0.2 µg/µL.  [4.10.1 – MED] Incubate for 1 hour at 55°C. [4.10.2 – MED-TXT]

4.10.1. Talent adding Proteinase K to Input and AP DNA. 
4.10.2. *film as written. TEXT: 1 h; 55°C


4.11. Subsequently, the Input and AP DNA are purified with a DNA column cleanup kit and eluted in DNA-grade water.  [4.11.1 – MED] Store the DNA at -20 or -80 °C until ready for analysis. [4.11.2 – MED-TXT] 

4.11.1. Shot of one of the final steps of the DNA purification procedure, i.e., talent adding DNA-grade water to the column.
4.11.2. Talent putting the DNA samples into the freezer. TEXT: Refer to protocol text for qPCR and next generation sequencing analyses.

5. Results: COSMIC identifies genome-wide binding events of polyamides 

5.1. The affinity-purified DNA should always be normalized against a reference of Input DNA. Representative results from quantitative PCR with locus-specific primers show a greater than 100-fold increase in polyamide occupancy upon irradiation with 365-nm light.  [5.1.1 – LM]

5.1.1. Erwin-Figure-2-JoVE.tif

5.2. Enriched DNA can also be analyzed by next-generation sequencing. Once sequenced, raw DNA reads are aligned to the genome and density tracks are prepared. This example shows the density track for linear polyamide 4 designed to target AAG repeats. [5.2.1 – LM]

5.2.1. Erwin-Figure-3-JoVE.tif
 
5.3. An analysis of polyamide distributions in cells revealed that clustered binding sites, spanning a broad range of affinities, best predict occupancy in cells. An algorithm was developed to score the entire genome for binding with in vitro cognate site identification data. These violin plots show predicted scores for polyamide 2 and polyamide 4 binding across the entire genome. Representative genomescapes for polyamide 4 are also shown. [5.3.1 – LM]

5.3.1. panel ‘a’ of Erwin-Figure-4-JoVE.tif

5.4. This scoring method revealed that loci with multiple low- and medium-affinity sequences show similar polyamide occupancy to loci with few high-affinity sequences. [5.4.1 – LM]

5.4.1. add panel ‘b’ of Erwin-Figure-4-JoVE.tif


6. Conclusion (said by authors on camera)
6.1. [bookmark: _GoBack]Graham Erwin: Once mastered, this technique can be completed in 2 days if it is performed properly.
6.2. Graham Erwin: While attempting this procedure, it’s important to remember to protect the samples from light until the DNA is purified.
6.3. Graham Erwin: Following this procedure, other methods like RT-PCR and RNA-seq can be performed in order to answer additional questions such as the effect of binding on gene expression.
6.4. Graham Erwin: After watching this video, you should have a good understanding of how to use COSMIC to map the genome-wide binding profiles of polyamides.
   

Provided Media

Author: Figure 1 (the overview) will not be shown in the video.  It will be in the manuscript that will be published together with the video.  Is that okay? Yes, that is okay. But I thought it would be useful to show in the beginning to give the audience an overview of the method. I will leave it to your judgment.
5.1. Erwin-Figure-2-JoVE.tif
5.2. Erwin-Figure-3-JoVE.tif
5.3 – 5.4. Erwin-Figure-4-JoVE.tif



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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