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Authors, please fill out 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 yes, please list make and model of your microscope: ______________________________

B.   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 steps________4.1-4.5__________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___________Setting up conditions which result in arrays of a desired level of nucleosome saturation.  This is the reason for the sedimentation velocity analysis of pilot samples.___________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
This experiment aims to assemble nucleosomal arrays that contain a series of tandemly-repeated nucleosome-positioning DNA sequences with an equal number of nucleosomes (Intro).  First, dialyze the core histones out of denaturing buffer, separate the octamer on a size exclusion column and refold the core histones into histone octamer  (C1, start with arrow on left and top, then add middle then add bottom). Next, combine the histone octamer with template DNA at a range of molar ratios (C2: show nacl arrow, octamers and NPS string), and deposit on the DNA as nucleosomes by step dialysis from high to low salt (C2: move the three octamers onto the NPS and spin to give “nucleosome arrays” and the beads on a string below that text). Next, test the samples by sedimentation velocity to determine the proper molar ratio for the desired level of saturation (C3). Results can show the level of saturation of the nucleosomal arrays based on their migration through solution under centrifugal force, or based on an atomic force microscopy generated image (C4).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Ryan A. Rogge: The main advantage of nucleosomal arrays, rather than mononucleosomes, is that the nucleosomes are conneceted by linker DNA, imposing an additional structural constraint.   
1.2. Anna A. Kalashnikova: Though this method can provide insight into chromatin structure, it can also be applied to other systems, such as in vitro transcriptions studies on chromatin templates.
1.3. ** Jeffrey C. Hansen: Ryan and Anna will now demonstrate the assembly of nucleosomal arrays from recombinant core histones and nucleosome positioning DNA. 
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Assembly of Recombinant Core Histones into Octamers
2.1. Begin with the purified, lyophilized recombinant core histone proteins H2A, H2B, H3 and H4 [Text over video:  Luger et al, 1999]. Dissolve approximately 5 mg of each in 3 mL of unfolding buffer, and incubate for at least one hour at room temperature, with agitation. 
2.1.1. MED/CU: Talent approacjhes bench with ice bucket (show labels of reagents:  purified, lyophilized recombinant core histone proteins H2A, H2B, H3 and H4

2.1.2. ECU: Talent dissolves approximately 5 mg of one sample in 3 mL of unfolding buffer.

2.1.3. CU: Talent places all sample on agitator at room temp. 

2.2. Now measure the absorbance of each histone solution at 276 nm, using unfolding buffer as a reference. Then calculate the molarity of each histone using their extinction coefficients. Compare the absorbance-determined concentration of histone to the lyophilized dry weight, and estimate if the majority of the protein is dissolved. 
2.2.1. MED-over-the-shoulder: Talent places one sample in spectophotometer and measures 276 nm
2.2.2. SCREEN: Talent calculates the molarity of each histone using their extinction coefficients. 
2.2.3. SCREEN: Talent compare the absorbance-determined concentration of histone to the lyophilized dry weight, and estimate if the majority of the protein is dissolved. 

2.3. Identify the histone sample that contains the fewest moles, as this will be the limiting number of moles for all histones. Then combine the histones in equal molar amounts. Dilute the histone mix with unfolding buffer to a final concentration of 1 mg/mL
2.3.1. SCREEN: Talent identifies the histone sample that contains the fewest moles, and marks as the limiting number of moles for all histones.
2.3.2. MED-CU: Talent combines the histones in equal molar amounts (show calculation sheet if possible).

2.3.3. ECU: Talent dilute the histone mix with unfolding buffer to a final concentration of 1 mg/mL. 

2.4. Now transfer the sample into dialysis tubing [Text over video: 6-8 kDa MWCO].  Seal the tubing, and place into 2 liters of cold refolding buffer.
2.4.1. CU/ECU: Talent transfers the sample into dialysis tubing
2.4.2. CU: Talent  seals the tubing.

2.4.3. MED:  Talent placea sample into 2 liters of cold refolding buffer.

2.5. Dialyze the sample for 18 hours at 4° C with stirring.  Ensure the dialysis tubing can rotate freely and vigorously to avoid histones precipitation.  
2.5.1. MED-over-the-shoulder: Talent start dialysis at 4° C with stirring.  
2.5.2. CU/ECU: Show the dialysis tubing rotating freely and vigorously 

2.6. Talent: Change the dialysis buffer every 6 hours.  Even if precipitate is formed do not discard the sample, some octamer may be recovered although the yield will be decreased.
2.6.1. Interview style.

3. Purification of Histone Octamers by Size Exclusion Chromatography
3.1. Connect the S200 column to an FPLC system, ensuring that air bubbles do not enter the system.  Clean the S200 column overnight with 0.2 µm filtered water, using  a flow rate of 0.3 mL/min and a back pressure limit of 0.5 MPa.  
3.1.1. MED/CU: Talent connects the S200 column to an FPLC system.  
3.1.2. SCREEN: Talent starts run of 0.2 µm filtered water through the column, using  a flow rate of 0.3 mL/min and a back pressure limit of 0.5 MPa.  

3.2. Next, equilibrate the system with one liter of 0.2 m filtered refolding buffer [Text over video:  1 mL/min , 0.5 MPa max ] for about 2 hours. Also equilibrate a centrifugal concentrator [Text over video: 50 kDa MWCO] with 1 mL of refolding buffer.  
3.2.1. MED: Talent  attaches one liter of 0.2 m filtered refolding buffer.
3.2.2.  CU/ECU: Talent equilibrates a 50 kDa MWCO centrifugal concentrator with 1 mL of refolding buffer.  

3.2.3. Talent spins the concentrator in the centrifuge at an appropriate speed.
3.3. Now remove the sample from the dialysis tubing. Centrifuge the sample at 4° C to remove any precipitates.  Pipette the sample supernatant into the concentrator.  Concentrate the sample to a volume of approximately 500 µL.
3.3.1. ECU: Talent removes the sample from the dialysis tubing. 

3.3.2. MED/CU: Talent places samples in centrifuge.  
3.3.3. ECU: Talent pipettes the sample supernatant into the concentrator.  
3.3.4. CU/ECU: Talent places concentrator into centrifuge and starts run.

3.3.5. Talent removes concentrated sample from centrifuge.
3.4. Transfer the concentrated octamer sample to a new container. Rinse the concentrator with 1mL refolding buffer. Concentrate the rinse down to 500 µl, and add it to the octamer sample.  
3.4.1. CU: Talent transfers the concentrated octamer sample to a new container. 

3.4.2. ECU: Talent rinses the concentrator with 1mL refolding buffer. 

3.4.3. CU: Reuse 3.2.3: Spin concentrator in centrifuge
3.4.4. ECU: Talent adds concentrated rinse (500 µl ) to the octamer sample.  

3.5. Spin the sample in a 1.5 mL microfuge tube for 5 min at 10,000 rpm at 4° C.  Transfer the supernatant to a new tube. Now load the sample onto the S200 column [Text over video: 15 mg octamer].  
3.5.1. MED/CU: Talent starts microfuge for 5 min at 10,000 rpm at 4° C.  
3.5.2. ECU: Talent transfers the supernatant to a new tube. 
3.5.3. CU/ECU: Talent loads the sample onto the S200 column 
3.6. Elute the sample with 400 mL of freshly-made refolding buffer  [Text over video: 1 mL/min, 0.5 MPa]  and collect 2 mL fractions. Monitor the absorbance at 280 nm during elution. Histone aggregates usually elute at approximately 45 mL, octamer at about 65 mL, and dimer at around 84 mL.
3.6.1. SCREEN: Talent elutes sample with 400 mL of freshly-made refolding buffer  at  1 mL/min, 0.5 MPa.

3.6.2. ECU: Talent indicates 2 mL fractions being collected.
3.6.3. MED-over-the-shoulder: Talent monitors the absorbance at 280 nm during elution. 
3.6.4. SCREEN: On elution chromatogram, Talent indicates histone aggregates at approximately 45 mL, octamer at about 65 mL, and dimer at around 84 mL.

3.7. Analyze the elution fractions from peaks of interest by running samples on an 18-20% SDS-PAGE.  Fractions containing purified octamers should have equal molar amounts of the four core histone proteins 
3.7.1. MED/CU: Talent loads elution fractions from peaks of interest on an 18-20% SDS-PAGE.
3.7.2. LAB MEDIA: Figure 1.
3.8. Now, pool the fractions that contain purified octamers, and concentrate [Text over video:  ≤15 mg/mL] with a centrifugal filter.  To determine the final octamer concentration, measure the absorbance at 280 nm. Calculate concentration using the extinction coefficient. 
3.8.1. MED/CU: Talent pools the fractions that contain purified octamers.

3.8.2. ECU: Talent loads a centrifugal filter.  

3.8.3. MED/CU: Talent measures the absorbance at 280 nm of the final octamer. 

3.8.4. LAB MEDIA: Table 1
4. Sedimentation Velocity Analysis of Reconstituted Nucleosomal Arrays
4.1. Reconstitute nucleosomal arrays from DNA and the purified octamers as detailed in the protocol text. Then dilute the sample to an absorbance of 0.5 at 260nm.
4.1.1. MED/CU: Talent approaches bench with ice bucket containing reconstituted nucleosomal arrays.

4.1.2. ECU: Talent dilutes the sample (show label on  TEN buffer). 
4.2.  Load 400µL of the sample into a cell with a two sector centerpiece, with the sample on one side and the reference TEN buffer on the other. 
4.2.1. CU/ECU: Talent loads 400µL of the sample into a cell with a two sector centerpiece. (Note to video-editor: Lable one side as “sample” and other side as “refernce”).

4.3. Talent: Keep the reference meniscus higher than the sample meniscus.
4.3.1. Interview style. 
4.4. Load the cells into the rotor, and align the cells properly using the hash marks on the bottom of the cells and rotor.  Gently dust the lenses of the cells using compressed air.
4.4.1. CU/ECU: Talent loads the cells into the rotor, and aligns the cells properly using the hash marks on the bottom of the cells and rotor.  
4.4.2. ECU: Talent gently dust the lenses of the cells using compressed air.

4.5. Turn on the XL-A/XL-I centrifuge, insert the rotor, and attach and secure the optics as described in the manual.  Open the Proteome Lab software and select file: new.
4.5.1. MED-over-the-shoulder: Talent turns on the XL-A/XL-I centrifuge, inserts the rotor, and starts to attach the optics.  
4.5.2. SCREEN: Talent opens the Proteome Lab software and selects file: new.

4.6. Set up a single scan run at 3000 rpm and a temperature of 25°C.  Under options, select stop after last scan, and run radial calibration. 

4.6.1. SCREEN: Talent sets up a single scan run at 3000 rpm and a temperature of 25°C.  
4.6.2. SCREEN: Under options, Talent selects stop after last scan, and runs radial calibration. 

4.7. For each cell, name the samples, select a wavelength, select absorbance, and choose a save file location on your computer.  Begin the single scan run. Use the single scan to determine the appropriate radial scan length (Figure 2A). 
4.7.1. SCREEN: For a given cell, Talent names the sample, selects a wavelength  of 260nm, selects absorbance, and chooses a save file location.  
4.7.2. SCREEN: Talent begins the single scan run. 
4.7.3. LAB MEDIA: Figure 2A.
4.8. Using the XL-A/XL-I control panel, enter a speed of 0 and press start to equilibrate the chamber [Text over video:  1 hour ]. 
4.8.1. CU: Using the XL-A/XL-I control panel, Talent enter a speed of 0 and presses start to equilibrate the chamber.
4.9. Using the software,  set the desired speed and number of scans. 
4.9.1. SCREEN: Using the software,  Talent sets the desired speed and number of scans. 
4.10. Talent: Higher speeds increase resolution, but one should collect at least 20 scans before the sample has sedimented to the bottom of the cell. 
4.10.1. Interview style.
4.11. Monitor the first couple of scans to ensure proper operation. Overlay the last several scans in order to monitor the progress of the run and check for potential problems such as leaking cells.  
4.11.1. MED-over-the-shoulder: Talent monitors the a scans to ensure proper operation. 

4.11.2. SCREEN: Talent overlays the last several scans in order to show the progress of the run and check for potential problems such as leaking cells.  
4.12. Talent: Analysis of the sedimentation velocity results, as well as a protocol for visualizing arrays using atomic force microscopy are detailed in the protocol text.
4.12.1. Interview style.

5. Results: Nucleosomal arrays from recombinant Xenopus core histones
5.1. In this experiment, lyophilized Xenopus core histones were reconstituted and the octamers purified by FPLC on an S200 column. The non-specific histone aggregates elute first, followed by histone octamers, H3/H4 tetramers, and H2A/H2B dimers.
5.1.1. LAB MEDIA:  50354_Hansen_Figure 1 Panel A.ai 
5.2. Anaylsis of the purified octamer fractions by SDS-PAGE  indicates equimolar amounts of the four histone proteins. Note that Xenopus H2A and H2B have molecular weights that differ by only about 200 Da and hence they often appear as a single band on SDS gels
5.2.1. LAB MEDIA:  50354_Hansen_Figure 1 Panel B.ai
5.3. Fractions 64 to 67 were pooled and saved for nucleosomal array reconstitution. A ProteomeLab software screen capture of a single scan collected at 3000 rpm  was used to set the range of measurements for the AUC cell scan. 
5.3.1. LAB MEDIA: 50354_Hansen_Figure 2 Panel A.ai
5.4. Then a series of sedimentation velocity scans is edited to generate a data set for analysis.

5.4.1. LAB MEDIA: 50354_Hansen_Figure 2 Panel B.ai
5.5. The red and green lines are two different methods for viewing the distribution of sedimentation coefficients in Ultrascan.  The red line is the integral distribution of sedimentation coefficients while the green is the derivative. [Text over video: 70% arrays saturated, 30% over-saturated].  

5.5.1. LAB MEDIA: 50354_Hansen_Figure 3.ai
5.6. In  study of chromatin organization in vitro, atomic force microscopy complements analytical ultracentrifugation to establish the extent of template saturation after reconstitution. 
5.6.1. LAB MEDIA: 50354_Hansen_Figure 4.ai
5.7. Here, the majority of the 27S arrays used in  imaging contained 10 to 11 nucleosomes.
5.7.1. LAB MEDIA: 50354_Hansen_Figure 4 Panels AB.

5.8. This  500 x 500 nm scan [Text over video:  601207 x 12 nucleosome arrays]  clearly shows nucleosomal arrays with the linker DNA. Also shown are the amplitude trace, the phase trace and the same height trace with a free hand line drawn through the nucleosomes to determine the height profile of the nucleosomes. 
5.8.1. LAB MEDIA: 50354_Hansen_Figure 4 Panels CD left panel, then add right panels to match voiceover.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. Ryan: Once mastered, this technique can be done in _3-4 days_ (hours/min) if it is performed properly.

6.2. Anna: While attempting this procedure, it’s important to remember to be very precise with measuring concentration of your reagents.

6.3. Uma_: Following this procedure, other methods like atomic force microscopy_ can be performed in order to verify the level of saturation of nucleosomal arrays.

6.4. Jeff: After its development, this technique paved the way for researchers in the field of chromatin to explore chromatin structure and chromatin compaction.

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, 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, as well as an introduction to your videographer, closer to your filming date.
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