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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N 
B.   Software Usage: Does your protocol include detailed descriptions of software usage? 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.) __2.5, 3.1, 4.1, 4.6, 4.7, 4.8_________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.) ___4.6________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? Y ~50 feet. 

1. Introduction (Experimental Goal and Author Interviews) 

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

The overall goal of this protocol is to identify and remove contaminating nuclease activity during protein purification. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Miguel Lopez: This method can help answer key questions in the retrovirology field, such as biochemistry, structure, and dynamics of integration. 
1.2. Randi Mackler: The main advantage of this technique is that it allows identification and removal of contaminating DNA nuclease activity from a recombinant protein of interest during purification.   

Protocol: (read by voice talent at JoVE)
2. Nickel Affinity Chromatography
2.1. Begin by thawing one pellet of E. Coli expressing prototype foamy virus integrase on ice [1-MED-TXT]. 
2.1.1. Talent at the -80 freezer removing the pellet from the freezer and placing it on ice. TEXT: See written protocol for preparation of pellet. 
2.2. Use a sonicator equipped with a 0.5-inch diameter bio-horn with a 0.125-inch diameter tapered microtip [1-MED-over the shoulder] to sonicate for 30 seconds at 30% amplitude with the tube on ice [2-CU-TXT]. 
2.2.1. A couple of seconds of footage of the sonicator, then talent walks into shot with the 50 mL tube of bacterial slurry in the ice bucket. Talent places 50 mL tube in beaker of ice. 
2.2.2. The tube in beaker is moved onto the tip of the sonicator and sonicated as described. TEXT: 1 sec on/1 sec off. 20 kHz. 400 W.
2.3. After sonication, transfer the cell sample to a cold ultracentrifuge tube [1-CU], and spin 120,000 x g for 60 minutes at 4 ˚C [2-MED] [Added shot]. 
2.3.1. The sample is transferred to an ultracentrifuge tube on ice by pipetting or pouring. 
2.3.2. Talent loads the sample into the centrifuge rotor, adds a counterbalance, closes the lid and starts the spin and walks out of shot. 
2.3.2.1. Added shot: Few seconds of footage of ultracentrifuge, then talent walks into shot with rotor opens ultracentrifuge, places rotor in centrifuge, closes lid and starts the spin. Talent walks out of shot.
2.4. Following centrifugation, there should be an obvious pellet and the supernatant may have a yellow color [1-MED-over the shoulder]. Transfer the supernatant into a cold 50-milliliter conical tube [2-MED-TXT]. 
2.4.1. Talent enters, opens the lid of the centrifuge and lifts out the sample rotor and walks out of shot {Talent opens rotor and lifts up tube to examine it for a pellet and color. Tube and supernatant/pellet should be visible to camera. Talent entrance can easily be edited out if shot too long.} Bracketed segment shot as part of 2.4.2 
2.4.2.  Talent at the bench with the centrifuged tube and a 50 mL conical tube on ice. Talent transfers the supernatant by pouring or pipetting. TEXT: ~10 mL per pellet. 
2.5. Next, set up the 110-millimeter long, 5-millimeter diameter FPLC column with 1.5-milliliter nickel-charged resin [1-MED-TXT]. First, connect the column to the FPLC instrument [2-CU] and apply buffer [3-BROLL]. 
2.5.1. Talent enters with the column and attaches it to the FPLC instrument. [MED]. removes any cling-wrap or other additions from the overnight storage. TEXT: May be prepared the previous day. Max. binding capacity 50 mg/mL, max. pressure 1 MPa. 
2.5.2. Talent enters with the column and attaches it to the FPLC instrument. [CU]. removes any cling-wrap or other additions from the overnight storage. TEXT: May be prepared the previous day. Max. binding capacity 50 mg/mL, max. pressure 1 MPa. 2.5.1 and 2.5.2 are the same shot but with different levels of zoom  
2.5.3. Footage of AKTAPure FPLC system in action. BROLL of AKTA instrument.   
2.6. The instrument should be collecting real time data of conductivity and UV absorbance at 280 nanometers. The conductivity and UV readings should stabilize. If necessary, continue to flow buffers through the column until readings are stable [1-SCREEN].
2.6.1. SCREEN CAP: The display shows typical conductivity and absorbance data for a column of this type. Initially the readings fluctuate but then stabilize. 
2.7. Load the protein sample onto the column at a flow rate of 0.15 milliliters per minute with a maximum pressure limit of 0.5 MPa [1-MED-TXT]. Attach the superloop to the AKTA FPLC [Added shot].
2.7.1. Talent preparing the superloop with the protein sample. TEXT: Flow rate and column pressure values remain the same throughout the purification. 
2.7.1.1. Added shot: Talent attaches prepared superloop to AKTA FPLC. TEXT: Flow rate and column pressure values remain the same throughout purification 
2.8. After washing the column and eluting proteins [1-BROLL-TXT], take 15-microliter aliquots of the initial flow-through, wash, and peak 280-nanometer absorbance fractions [2-MED], and add 15-microliters of 2x SDS-PAGE sample buffer to each sample [3-CU]. Boil the samples for 3 minutes [4-MED-over the shoulder]. 
2.8.1. Use BROLL from 2.5.3. 
2.8.2. Talent takes 15uL aliquot directly from the fraction collector tubes. 
2.8.3. Sample buffer is added to a tube containing a 15-microliter aliquot. 
2.8.4. Talent places multiple tubes into boiling water bath. Video editor: Use take 2 of this shot which contains the use of a timer.  
2.9. Load 10-microliters of each sample onto 10% SDS-PAGE gels along with 4-microliters of pre-stained protein standards [1-CU-TXT]. 
2.9.1. The last two samples are loaded onto the gel, other loaded lanes are visible in shot. TEXT: Run, stain, and analyze the gels as outlined in the written protocol.  Videographer – please also get some BROLL of Talent putting the lid on the tank containing the gels and turning on the power pack. This will be used later. 
2.9.1.1. Added shot: BROLL of Talent putting the lid on the tank and turning on the power supply. TEXT: Run, stain, and analyze the gels as outlined in the written protocol.   [Video editor: insert this B roll after shot 2.9.1]
2.10. Visually inspect the gel to identify fractions that appear to contain nearly pure prototype foamy virus integrase [1-LM]. Combine these fractions and make a note of the volume while pipetting [2-MED]. This is typically 8 to 10 milliliters [3-MED-over the shoulder]. 
2.10.1. LAB MEDIA: 56605_Yoder_Figure2. Video Editor please highlight all the numbers between and including #33 - #84 (or fade out the other numbers). 
2.10.2. Talent combines the fractions into a 50 mL tube. 
2.10.3. Talent lifts the tube to eye level to note the volume and then writes down the volume on a scratch pad or similar. 
2.11. Using a spectrophotometer, measure the UV absorbance at 280 nanometers of the combined fractions [1-BROLL] and calculate the total amount of prototype foamy virus integrase protein. A typical yield is around 10 milligrams per liter of induced culture [2-MED-over the shoulder]. 
2.11.1. Non-specific footage of Talent using a spectrophotometer. 
2.11.2. Talent writing on scratch pad to calculate the amount of PFV IN. 
2.12. To remove the hexahistidine tag, supplement the prototype foamy virus integrase with a final concentration of 10 millimolar DTT [1-MED-TXT] and 0.1 millimolar EDTA [2-CU-TXT]. 
2.12.1. Talent pipettes from a labeled tube of 1 M DTT. TEXT: Dithiothreitol, 1 M stock solution. 
2.12.2. A volume of EDTA is dispensed into the tube containing the combined fractions. TEXT: EDTA, 0.5 M stock. pH 8.0
2.13. Then add 15-micrograms of human rhinovirus 3C protease per milligram of prototype foamy virus integrase [1-CU] and incubate at 4 ˚C overnight [2-WIDE]. 
2.13.1. A small volume is pipetted from a clearly labeled tube of human rhinovirus 3C protease and dispensed into the tube containing the combined fractions. 
2.13.2. Talent enters the cold room and places the tube in a rack on the shelf or opens the refrigerator and places the tube in a rack on the shelf. This shot was accidentally called 2.13.1.
3. Heparin Affinity Chromatography
3.1. To perform heparin affinity chromatography fractionation of the prototype foamy virus integrase reduce the sodium chloride concentration of the sample to 200 millimolar by adding 1.5 volumes of Buffer C [1-MED-TXT]. 
3.1.1. Talent pipettes from bottle/tube labeled ‘Buffer C’ and adds 15-milliliters of Buffer C to 10-milliliters of prototype foamy virus integrase. Final volume is ~25 mL. TEXT: See written protocol for details of buffer formulations. 
3.2. Then load the diluted prototype foamy virus integrase sample to the heparin sepharose column at 0.5-milliliters per minute flow rate with a maximum pressure limit of 1 megapascal [1-MED-over the shoulder].
3.2.1. Talent preparing the superloop with the protein sample from 3.1.1. 
3.3. After washing the column and collecting the gradient and final wash [1-BROLL], analyze load, flow through, wash, and fractions by 8% SDS-PAGE [2-BROLL]. 
3.3.1. Footage of Talent adding buffer to the column and performing other necessary operations (such as checking the screen and collecting eluate) and the column/chromatography instrument in action. Footage from 2.5.3. BROLL could be used here if the column doesn’t look much different. 
3.3.2. Use BROLL from 2.9.1. Talent running SDS-PAGE gel. 
3.4. Then evaluate fractions by staining the gel with Coomassie blue. Prototype foamy virus integrase and the contaminating nuclease have different affinities for heparin sepharose chromatography. Identify heparin sepharose fractions that appear to contain nearly pure prototype foamy virus integrase to use in the nuclease assay. [1-LM]. 
3.4.1. LAB MEDIA: 55605_Yoder_Figure3. Video Editor please add the ‘IN’ labels when “Prototype foamy virus integrase” is narrated and an arrow pointing to the lower band on each blot when “contaminating nuclease” is narrated. 
4. Nuclease Assay
4.1. To begin the nuclease assay, combine 3-microliters of heparin fraction [1-MED-TXT] and 50-nangrams of 3-kilobase supercoiled plasmid DNA in reaction buffer to a final volume of 15-microliters [2-CU]. Incubate at 37 ˚C for 90 minutes [3-MED-over the shoulder/MED].
4.1.1. Talent at bench with multiple tubes on ice the bench and each of the fractions from heparin affinity chromatography in the fraction collector a rack and a tube of DNA on ice or in a rack. Talent pipettes a volume from one of the fractions and adds it to a tube containing a small volume of buffer. TEXT: Include a negative control with no PFV IN. 
4.1.2. A small volume is pipetted from the labeled tube of DNA and added to the reaction tube. 
4.1.3. Talent places a rack of tubes into the 37 ˚C water bath or heat block. 
4.2. Stop the reaction with 1 milligram per milliliter proteinase K and 0.5% SDS and incubate at 37 ˚C for 1 hour [1-MED-TXT]. 
4.2.1. Talent at heat block/water bath removing samples, adding proteinase K/SDS solution and returning the tubes to the heat block/water bath. TEXT: Samples may be stored at -20 ˚C for later analysis.
4.3. Then add 3.5-microliters of 6x loading dye to the nuclease assay reactions [1-MED-over the shoulder] and load the entire volume on a 1% agarose gel [2-CU]. Run the gel at 100 volts at ambient temperature for 1 hour or until the dye front reaches the end of the gel [3-MED-TXT]. 
4.3.1. Talent adds loading dye to a sample. 
4.3.2. Sample is added to one well of the agarose gel. A ladder and some other samples are visible in other wells. 
4.3.3. Talent puts the cover on the gel box, plugs it in and starts the run. TEXT: 10 volts/cm. 

4.4. When electrophoresis is complete, a fluorescent scanner image of the gel should show that linear DNA runs true to size at 3 kb, supercoiled DNA runs faster to around 2 kb, and that relaxed circle DNA runs slower at close to 3.5 kb [1-LM]. 

4.4.1. LAB MEDIA: 56605_Yoder_Figure4A_lower. Video Editor please show the gel without labels except for the kb markers on the left hand side. When “linear DNA” is narrated please add the ‘L’ label on the right. When “supercoiled” is narrated please add the ‘SC’ label, and when “relaxed circle” is narrated please add ‘RC’. 

4.5. Using image analysis software, calculate the pixel volume of the supercoiled, linear, and relaxed circle plasmid in each lane. Call the sum of the pixel volumes for these three DNA forms the “total DNA” value and use it to calculate the percentage of linear and relaxed circles. Fractions that contain contaminating nuclease display a higher percentage of linear and relaxed circles compared to the negative control [1-SCREEN].

4.5.1. SCREEN CAPTURE of the software manipulations as described. 
4.6. Combine the heparin sepharose fractions that do not display contaminating nuclease activity [1-MED] and transfer to 10-millimeter, 6 to 8 kilodalton molecular weight cutoff dialysis tubing [2-CU]. Dialyze at 4 ˚C overnight against 1 liter of dialysis solution [3-MED-over-the shoulder-TXT]. 
4.6.1. Talent combining fractions. 
4.6.2. The volume is pipetted into dialysis tubing. 
4.6.3. Talent in the cold room places the dialysis tubing into a beaker of dialysis solution and starts a stir bar in the beaker spinning. TEXT: See written protocol for solution composition. 
4.7. [bookmark: _GoBack]The next day recover the nuclease-free prototype foamy virus integrase sample from the dialysis tubing [1-MED]. Measure the absorbance at 280 nanometers and calculate the final protein concentration [2-BROLL]. Aliquot the protein [Added shot]… and snap freeze in liquid nitrogen [3-MED], then store the aliquots at -80 ˚C [4-WIDE].
4.7.1. *film as written. 
4.7.2. Use BROLL from 2.11.1. 
4.7.2.1. Added shot: Talent aliquots protein into 0.6 mL tubes. 
4.7.3. Talent snap freezes immerses an aliquots in with liquid nitrogen. 
4.7.4. Talent places the tubes box containing frozen aliquots of PFV IN into the -80 freezer and closes the door. 
5. Results: Nuclease Assay of Heparin Sepharose Fractions 
5.1. The nuclease assay was performed as outlined in this video. Negative controls include plasmid DNA with no protein and a previous purification of wild type prototype foamy virus integrase known to be free of nuclease [1-LM]. 
5.1.1. LAB MEDIA: 55605_Yoder_Figure4_lower. Video Editor please highlight ‘Target Only’ when “plasmid DNA with no protein” is narrated and ‘PFV IN WT’ when “prototype foamy virus integrase known to be free of nuclease” is narrated. 
5.2. A positive control for contaminating nuclease activity is a previous purification of catalytically inactive prototype foamy virus integrase that is known to have contaminating nuclease. 
5.2.1. LAB MEDIA: 55605_Yoder_Figure4_upper. Video editor please highlight ‘PFV IN D128N’ when “catalytically inactive prototype foamy virus integrase that is known to have contaminating nuclease” is narrated. 

6. Conclusion (said by authors on camera)
6.1. Miguel Lopez: Following this procedure, other methods like biochemical assays or single molecule imaging can be performed in order to answer additional questions like enzyme kinetics and dynamics.
6.2. Miguel Lopez: After watching this video, you should have a good understanding of how to identify and remove contaminating nuclease activity from a recombinant protein.
   

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.  

LAB MEDIA: 55605_Yoder_Figure3_upper
LAB MEDIA: 55605_Yoder_Figure3_lower
LAB MEDIA: 55605_Yoder_Figure4_lower
LAB MEDIA: 55605_Yoder_Figure4_upper


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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