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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? 

Videographer: The most critical steps to film correctly are highlighted in the script.
E.  Will the filming need to take place in multiple locations? (Y/N) ______No 

1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to rapidly examine proteins bound to nascent DNA with accuracy, using BrdU labeling and chromatin precipitation. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Srividya: This method can help answer key questions in the replication-repair-chromatin field, such as: What proteins are bound to nascent DNA during DNA replication? And, What repair proteins are bound to nascent DNA following replication stress? 

1.2. Danielle Johnson: The main advantage of this technique is that It is a relatively quick method to detect proteins bound to nascent DNA in a highly quantitative manner.
Because we show your names on screen and you would like Danielle to speak, I think it is best if Danielle speaks one of the two interview statements.  Thus Danielle is introduced in the normal manner of a JoVE video.
Protocol (read by voice talent at JoVE):

2. Chromatin Preparation with BrdU Labeling

2.1. To begin, set up cultures of 2 million NIH-3T3 cells in 10 mL of media with either DMSO or HDAC-1,2-selective inhibitors.  [MED]

2.1.1. Plating cells as described

2.2. Also, add BrdU to a final concentration of 20 μM.  [CU]

2.2.1. Adding BrdU aliquot to media and mixing
2.3. Once plated, incubate the cells for 60 minutes. [WID]
2.3.1. Loading plated cells into incubator
2.4. After an hour, crosslink the intracellular proteins to the DNA by adding formaldehyde directly to the culture medium [2.4.1-MED] to a concentration of one percent by volume.  [2.4.1-CU]

2.4.1. Adding formaldehyde to the plated cells

2.4.2. Detail, showing addition to cells and mixing 
2.5. Then, let the cells incubate at room temperature for 10 minutes, with agitation. [MED]
2.5.1. Covering plate and setting plate to rock on shaker/nutator
2.6. After 10 minutes, quench the reaction by adding glycine to the media to 125 mM and continue the incubation for 5 more minutes. [MED]
2.6.1. Loading precise volume of glycine into pipette and adding glycine to the cells, repeating as needed
2.7. Next, collect the cells in PBS [2.7.1-MED] and wash them twice with PBS using centrifugation.  The pellet can be frozen at -80 ºC for storage, if desired.  [2.7.2-WID]
2.7.1. Collecting cells in PBS
2.7.2. Unloading tube of cells, TEXT: 958 x g, 5 min, 4 ºC, Wash 2X

2.8. Now, prepare the lysate from the crosslinked cells.  Add 500 μL of FA140 buffer [2.8.3-MED] supplemented with a protease inhibitor cocktail to the pellet [2.8.2-CU] and shear the chromatin using five 15-second pulses of sonication.  Keep the cells chilled between the pulses. [2.8.3-MED]
2.8.1. Taking aliquot of FA140

2.8.2. Adding FA140 to cells

2.8.3. Sonication with chilling between pulses, TEXT: 15 sec, 35% power, 0.9/0.1 sec on/off, 5 X

2.9. Then, run 10 µL of sample out on a 1.5% gel to diagnose the efficiency of the shearing. [LM]
2.9.1. To be provided by authors. Please provide an image of sheared DNA on a gel.
2.10. Once sheared, centrifuge the samples for 10 minutes and transfer the supernatant to a new tube. [MED]
2.10.1. Unloading centrifuge and transferring supernatant, TEXT: 10 min, 17,949 x g, 4 °C’

2.11. Then, estimate the protein concentration in the supernatant using a kit. [WID]
2.11.1. quintessential step(s) of kit use
2.12. Next, prepare a 50% slurry of Protein A-agarose beads with protease inhibitor. [MED]
2.12.1. quintessential step associated with making the bead slurry showing the slurry, TEXT: See text protocol for details.

2.13. Add 50 µL of the slurry to each sample [2.12.1-CU] and incubate the samples at 4 °C with constant end-over-end rotation for 30 minutes. [2.13.2-MED]
2.13.1. Adding bead slurry aliquots to samples

2.13.2. Setting up the incubation with rotation
2.14. After half an hour, spin down the samples for a minute around one thousand Gs, in a refrigerated centrifuge.  [MED]

2.14.1. Film as written
2.15. Then, collect the supernatant, containing the labeled chromatin. [MED]
2.15.1. Removing supernatant from sample tube and transferring it to new tube
3. Chromatin Immunoprecipitation (ChIP)
3.1. Before proceeding, save one-tenth of the extract at -20 ºC to later serve as the ‘input’ control. [WIDFOL]

3.1.1. Taking an input control sample and loading it into freezer
3.2. To immunoprecipitate the chromatin, [3.1.1-WID] add either 8 µL of H4K16ac antibody or 5 µg of SMARCA5 antibody to the supernatants. [3.1.2-MED]
3.2.1. Establishing shot

3.2.2. Taking Ab aliquots and adding to the samples
3.3. Also, add 4 µL of rabbit IgG to the extract that serves as the negative control sample. [MED]
3.3.1. Taking rabbit IgG aliquot and adding to the control sample
3.4. Incubate the chromatin at 4 °C, overnight on a rotisserie mixer. [WID]
3.4.1. Setting up 4 ºC incubation with mixing
3.5. The next day, add 50 µL of the prepared 50% protein A-agarose slurry to the immunoprecipitations [3.5.1-MED] and incubate the mixtures for an hour at 4 °C with rotation. [3.5.2-WID]
3.5.1. Adding slurry to samples

3.5.2. Loading samples back onto the rotator at 4 ºC
3.6. After an hour, pellet the agarose beads and carefully discard the supernatant.  [WID]
3.6.1. Unloading centrifuge and discarding the supernatant from samples, TEXT: 956 x g, 2 min, 4 °C

3.7. Now wash the beads using end-over-end rotation, at 4 ºC, in three sequential buffers. [3.7.1-MED] First, use freshly-prepared Low Salt [3.7.2-CU] Immune Complex Wash Buffer for 5 minutes. [3.7.3-MED]
3.7.1. The three wash buffers are all clearly labeled on the bench, talent takes aliquot of Low Salt Immune Complex Wash Buffer

3.7.2. [combined with 3.7.1] Applies aliquot to the tube

3.7.3. Setting up the 5 minute incubation at 4 ºC
3.8. Second, use freshly-prepared High Salt Immune Complex Wash Buffer [MED] for 5 minutes. [3.7.3]
3.8.1. Taking aliquot of High Salt Immune Complex Wash Buffer and adding to the tube
3.9. Third, use freshly-prepared lithium chloride Immune Complex Wash Buffer [MED] for 5 minutes. [3.7.3]
3.9.1. Taking aliquot of LiCl Immune Complex Wash Buffer and adding to the tube
3.10. After the three washes, add 200 µL of elution solution [3.10.1-MED] for a final concentration of 1% SDS and 100 mM Sodium bicarbonate.  [3.10.2-CU] Then, incubate the chromatin for 15 minutes with rotation at room temperature.  [3.10.3-MED]
3.10.1. Taking aliquot of elution buffer

3.10.2. Adding aliquots to samples

3.10.3. Setting up the 15 minute incubation at RT
3.11. Collect the samples by centrifugation [3.11.1-MED/TEXT] and repeat the elution step [3.10.1].  Then, bring the samples up in 400 µL of elution buffer with 0.16 M sodium chloride. [3.11.2-CU] Elute the input in the same manner. [3.11.3-MED]
3.11.1. Loading the centrifuge, TEXT: 956 x g, RT, 2 min
3.11.2. Taking aliquot of elution buffer and adding to pelleted sample and mixing

3.11.3. Adding elution buffer to input control
3.12. Now, incubate the samples at 65 °C for 5 hours to reverse the cross-linking.
3.12.1. Loading samples into 65 ºC water bath and starting timer
3.13. Later, precipitate the DNA.  Add 1 mL of 100% ethanol to the samples and mix well. [MED]

3.13.1. Film as written

3.14. Then, incubate them at -80 °C for two to three hours or overnight at -20 °C. [WID]
3.14.1. Film one of the options, as written
3.15. After the precipitation, remove the ethanol with a 15 minute centrifugation at 18 thousand G’s.  [MED]
3.15.1. Setting up and running the centrifugation cycle
3.16. Then, following the text protocol, wash the pellet, completely remove the residual ethanol, [3.16.1-MED] treat the samples with RNase, then Proteinase K [3.16.3-MED] and finally bring them up in 50 µL of water, for storage at -20 ºC. [3.16.4-ECU]
3.16.1. Adding ethanol to samples

3.16.2. Adding RNase or PK to the sample

3.16.3. Adding water to nearly empty sample tubes to elute samples
4. Slot Blot Analysis of ChIP DNA
4.1. To begin, measure the yield of input and ChIP DNA on a spectrophotometer.  [WID]
4.1.1. Quintessential action of spectrophotometer use
4.2. Then, denature the samples.  Add 2.5 volumes of 0.4 N sodium hydroxide, [4.2.1-MED] briefly vortex and centrifuge, and incubate the samples at room temperature for 30 minutes. [4.2.2-MED/TEXT]
4.2.1. Film as written
4.2.2. Vortexing then loading centrifuge, TEXT: 956 x g, 10 seconds
4.3. Next, neutralize the denatured DNA by adding 175 μL of 1 Molar tris-hydro-chloride, pH 6.8. [4.3.1-MED] Vortex, centrifuge and place the samples on ice. [4.3.2-MED]
4.3.1. Film as written
4.3.2. Three actions, as written, TEXT: 956 x g, 10 seconds
4.4. Now, prepare serial dilutions of the input and immunoprecipitated DNA [4.4.1-MED] and proceed with the Slot Blot assay, as described in the text protocol. [4.4.2-MED]
4.4.1. Making serial dilutions of a sample
4.4.2. setting up a slot blot
4.5. After the DNA on the blot has been UV-immobilized, detect the BrdU [4.5.1-WID] on the slot blot using western blotting. First, block the membrane with 5% non-fat dry milk in PBST [4.5.2-MED] for an hour at room temperature to prevent non-specific binding. [4.5.3-CU]
4.5.1. UV-immobilizing step, completing this procedure
4.5.2. Mixing up milk bath

4.5.3. adding membrane to bath, show agitation if any
4.6. Next, prepare a bath of 1% non-fat dry milk in PBST with added one to 500 diluted anti-BrdU antibody.   [MED]
4.6.1. Mixing up bath with antibody
4.7. Incubate the blot in this bath for three hours, at room temperature, on a shaker. [MED]
4.7.1. adding membrane to bath with antibody, starting shaker and timer    
4.8. Afterwards, wash the membrane with PBST three times. [MED/TEXT]
4.8.1. Show one wash, TEXT: Wash 3X
4.9. Then, submerge the blot in a one to five thousand dilution of HRP-conjugated anti-mouse, secondary antibody in PBST. [4.9.1-MED]  Incubate at room temperature for an hour, with shaking. [4.9.2-MED]
4.9.1. Setting up bath with secondary antibody
4.9.2. adding membrane to bath with secondary antibody, starting shaker and timer    
4.10. Use three washes with PBST to remove the secondary and analyze the result. [4.8.1/TEXT]

TEXT: Wash 3X
5. Results: Specificity of HDAC1,2-selective Inhibitors  

5.1. To determine the specificity of HDAC1,2-selective inhibitors 233 and 898, they were tested on fibrosarcoma cells engineered with Cre-recombinase-induced deletion of Hdac1,2 or Hdac3.  The putative inhibitors had no effect on the Hdac1,2 knockout.
5.1.1. Fig 1A
5.2. However, in the Hdac3 knockout, the levels of H4K5ac protein increased substantially when the inhibitors were added.  These results were consistent with the expectations for an HDAC1,2-selective inhibitor.
5.2.1. Fig 1B 
5.3. Next, the BrdU-H4K16ac ChIP-Slot-Western technique was used to determine the amount of H4K16ac associated with nascent DNA in the absence of HDAC1,2 function. A robust enrichment in H4K16ac associated with nascent DNA was observed when compared to the rabbit IgG control.  
5.3.1. Fig 3A + 3B
5.4. Following inhibition of HDAC1,2 with compound 233, an increase in nascent DNA-associated H4K16ac was observed.
5.4.1. Fig 3C 

5.5. The same result was obtained using compound 898.
5.5.1. Fig 3D
5.6. Finally, the level of SMARCA5 chromatin remodeler on nascent DNA was determined using the BrdU-SMARCA5 ChIP-Slot-Western technique.  Indeed, SMARCA5 associated with nascent DNA, and, compound 898 did not change the levels of SMARCA5.
5.6.1. Fig 4A
6. Conclusion (said by authors on camera)

6.1. Srividya: After watching this video, you should have a good understanding of how to examine changes in the chromatin and chromatin-modifying enzymes during DNA replication in mammalian cells.
6.2. Danielle: After its development, this technique paved the way for researchers in the field of replication to explore chromatin changes on nascent DNA as well as dynamics of DNA replication proteins on nascent DNA.

6.3. Srividya: In future, this technique could also be used to study the dynamics of DNA damage response and DNA repair proteins at the stalled fork in addition to studying the histone modifications and chromatin-modifying enzymes at the fork.
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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