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Questionnaire:

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______   
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 steps using the step numbers listed in this document. __3.2/3.3 + 4.7/5.1 + 5.5/5.6 _________________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._____4.7/5.1______________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___ N___
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to demonstrate the interaction between the antiviral Mx1 (pronounced M-X-one) protein and its viral target, the influenza nucleoprotein, via co-immunoprecipitation. (Intro)
This is accomplished by first lysing transfected cells containing both proteins in the presence of N-ethylmaleimide. (P1: Video Editor: Start by showing the cells from DAM ID#3493 in a tube like the one drawn for P1.  Then, with the words “lysing transfected cells” have the cells disappear and the components appear as shown in P1.  Also, add the “+N-ethylmaleimide” when the cells disappear.) (Video Editor: Show the legend in the bottom corner of the screen and add the various items to it as they are introduced on screen throughout the overview.)
The second step is to add a nucleoprotein-specific antibody to bind to the influenza nucleoprotein and the interacting Mx1 protein. (P2: Video Editor: Add the antibody to the tube as shown in P2.  Have it float around a bit and bind to the green circles.)
Next, the resulting immune-complexes are precipitated with protein G beads and the contaminating proteins are removed through extensive washes. (P3: Add grey beads to the mixture and have them move around before finally attaching to the back end of the black antibodies by the end of the word “beads”.  Then, simulate the tube being centrifuged so that the grey bead-antibody-protein complex goes to the bottom of the tube and the remaining blue proteins stay in suspension. With the word “removed”, fade the blue proteins away.)
The final step is to elute the influenza nucleoprotein and the co-immunoprecipitated Mx1 protein from the protein G beads. (P4: Video Editor: Show the individual pieces move evenly throughout the tube and then show them breaking apart.  Once dispersed, pull the grey beads to the bottom. Once at the bottom, have the grey beads disappear.)
Ultimately, western blotting is used to show the interaction between the influenza nucleoprotein and the antiviral Mx1 protein. (P5: Show Figure 2) (Comment: It is better to show figure 2 instead of figure 4, as figure 2 better represents the protocol depicted in the schematic overview)

[image: image1]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Judith Verhelst: The main advantage of this technique over existing methods, like yeast two hybrid, is that the interacting proteins are studied in their natural environment, which is the human cell. 
1.2. Judith Verhelst: Though this method can provide insight into the interaction between the influenza A virus nucleoprotein and the antiviral Mx1 protein, it can also be modified to study other weak or transient protein-protein interactions. 

1.3. Judith Verhelst: Demonstrating the procedure will be Dorien De Vlieger, a colleague from my laboratory.    
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): 
2. Calcium-Phosphate Transfection of HEK293T cells
2.1. Prepare all of the transfection buffers as described in the accompanying text protocol. [2.1.2 - TEXT - MED]
2.1.1. [moved] Talent removes cell dish from incubator and places in hood.
2.1.2. Talent removes appropriate buffers from the water bath and places in rack with remaining buffers. (TEXT: *See manuscript for details)

2.2. Dilute the plasmid DNA into 600 microliters of Tris-EDTA. [2.2.1 - MED]  Then, add 150 microliters of HEPES-buffered calcium chloride in a dropwise manner to the plasmid samples and mix by pipetting up and down three times. [2.2.2 - MED]
2.2.1. *Film as written
2.2.2. *Film as written
2.3. Add the resultant 750 microliters of plasmid solution dropwise to 750 microliters of HEPES-buffered saline placed in a fresh 6-well plate. [2.3.1 - MED]   Be sure to distribute the plasmid solution evenly over the entire well. [2.3.2 - CU]
2.3.1. *Film as written
2.3.2. *Film as written
2.4. Next, place the transfection solution on a plate shaker for 90 seconds at 1000 rpms [2.4.1 - MED] and then incubate the mixture at room temperature for 5 minutes. [2.4.2 - MED] Take a 9 cm tissue culture coated petri dish with HEK 293T cells, with cells that are sub-confluent on the day of transfection [2.1.1]    
2.4.1. *Film as written
2.4.2. *Film as written
2.1.1
[moved] Talent removes cell dish from incubator and places in TC hood.
2.5. Using a P1000 micropipette, add the transfection solution dropwise to the cells [2.5.1 - MED] making sure to disperse the mixture evenly over the entire plate.  [2.5.2 - CU]   When all 1.5 mL of the transfection solution has been added, gently shake the plate. [2.5.3 - MED]   
2.5.1. *Film as written
2.5.2. *Film as written

2.5.3. *Film as written

2.6. Incubate the cells at 37 °C and 5% CO2 for 6 hours. [2.6.1 - MED] Then, aspirate the medium and immediately replace with 12 mL of fresh, pre-warmed medium gently to prevent cell detachment. [2.6.2 - MED/CU]
2.6.1. Talent removes cells from the incubator and places plate in TC hood.
2.6.2. *Film as written
3. Preparation of Cell Lysates for Co-Immunoprecipitation
3.1. Prepare all stock lysis solutions as described in the accompanying text protocol. [3.1.1 - TEXT - MED]  Once prepared, wash the cells with 2 mL of ice cold PBS.  Perform the wash gently as HEK293T cells detach easily. [3.1.2 - MED]
3.1.1. Talent mixing lysis solution (TEXT: *See text protocol for details)

3.1.2. *Film as written

3.2. Next, remove the PBS and add 600 microliters of ice cold low salt lysis buffer to each plate [3.2.1 - MED] and place them on ice for 20 minutes. [3.2.2 - CU] Every 5 minutes, gently shake each plate and make sure the plates are kept horizontal. [3.2.3 - MED]
3.2.1. Start with an empty plate and add the lysis buffer to the plate.

3.2.2. *Film as written

3.2.3. *Film as written

3.3. Collect the cell lysate in a 1.5 mL microcentrifuge tube [3.3.1 - CU] and centrifuge it for 3 minutes at 4 °C and 16,000 g to pellet the insoluble fraction. [3.3.2 - MED]
3.3.1. *Film as written

3.3.2. *Film as written

3.4. Transfer the soluble fraction to a fresh 1.5 mL microcentrifuge tube and place it on ice. [3.4.1 - MED/CU]
3.4.1. *Film as written

3.5. Dorien_De Vlieger: “Perform the remaining steps as much as possible on ice or at 4 °C to limit proteolytic activity in the lysates.”[3.5.1 - Interview]
3.5.1. Interview style: Author saying the above 

4. Preparation of Immune-Complexes and Protein G Beads
4.1. To prepare the immune-complexes, mix 135 microliters of lysate with 2 microliters of anti-NP monoclonal antibody and 113 microliters of low salt lysis buffer for a total volume of 250 microliters. [4.1.1 - MED]
4.1.1. *Film as written

4.2. Store the remaining lysate at -20 °C for further analysis such as western blotting. [4.2.1 - MED]
4.2.1. *Film as written

4.3. Incubate the antibody-lysate mixture for 3 hours to overnight on a turning wheel at 4 °C. [4.3.1 - MED]
4.3.1. Talent places mixture on wheel in refrigerated space.

4.4. Next, prepare the protein G beads by adding 100 microliters of bead slurry for each sample to a single tube.  [4.4.1 - MED]  Centrifuge the slurry at 8,000 x g and 4 °C for 30 seconds [4.4.2 - MED] and remove the ethanol solution in which they are stored. [4.4.3 - CU]
4.4.1. *Film as written

4.4.2. Talent removes the tube from the centrifuge and places it in a rack.

4.4.3. *Film as written

4.5. Add an equal volume of ice cold low salt lysis buffer and gently mix. [4.5.1 - MED] Centrifuge the protein G bead-slurry again at 8,000 x g and 4 °C for 30 seconds… [4.5.2 - MED] and then carefully remove the supernatant. [4.5.3 - TEXT - MED]
4.5.1. *Film as written

4.5.2. Talent places the tube into the centrifuge. 

4.5.3. Talent removes the tube and pours/pipettes off the supernatant. (TEXT: Repeat wash 3X)

4.6. Estimate the volume of protein G beads remaining [4.6.1 - MED] and add an equal volume of ice cold low salt lysis buffer to make a new 50% bead-slurry in low salt lysis buffer. [4.6.2 - CU]
4.6.1. Talent holds the tube containing the protein G beads up to eye level.

4.6.2. *Film as written

4.7. Resuspend the slurry and transfer 100 microliters into a fresh 1.5 mL microcentrifuge tube.  [4.7.1 - CU] Store the tube on ice until it is needed.  [4.7.2 - MED]
4.7.1. *Film as written

4.7.2. *Film as written

5. Immunoprecipitation of the Immune-Complexes by Protein G Beads and their Elution.
5.1. Before using the protein G beads for immunoprecipitation, centrifuge all tubes for 30 seconds at 8000 x g and 4 °C.  [5.1.1 - MED] Afterwards, verify by visual inspection that there are equal amounts of beads present in all samples. [5.1.2 - CU/ECU]
5.1.1. Talent places tubes into the centrifuge and starts it with the settings listed.

5.1.2. Show close-up of tubes focusing on bead level.

5.2. If necessary, adjust the amount of beads in some of the samples and centrifuge again. [5.2.1 - MED] Once all the samples appear equal at approximately 50 microliters… [5.2.2 - MED] discard the supernatants, taking care not to disturb the pelleted protein G beads. [5.2.3 - CU]
5.2.1. Talent adjusts the bead levels.

5.2.2. Talent pulls 2 tubes out of the centrifuge and holds them up. *Show pellets are level.
5.2.3. Talent removes the supernatants from two tubes that are equal. *Show pellets are level.

5.3. Next, briefly centrifuge the immune-complexes for 30 seconds at 8,000 x g and 4 °C to collect the sample at the bottom of the tube. [5.3.1 - MED] Then, transfer the entire immune-complexes to the protein G beads. [5.3.2 - MED/CU]
5.3.1. *Film as written

5.3.2. *Film as written

5.4. Incubate for 60 minutes on a turning wheel at 4 °C. [5.4.1 - MED] 
5.4.1. Talent places tubes into the turning wheel.

5.5. Dorien De Vlieger: “Do not incubate the immune complexes with the beads for longer than 75 minutes.  Incubating for longer amounts of time increases the nonspecific binding of proteins to the protein G beads.” . [5.5.1 - Interview]
5.5.1. Interview style: Author saying the above 

5.6. Then, centrifuge the protein G beads with the now bound immune-complexes. [5.6.1 - TEXT - MED].  Remove the supernatants, but be careful not to disturb the pelleted protein G beads. [5.6.2 - CU]
5.6.1. (TEXT: 30 sec, 8,000 g, 4 °C)
5.6.2. *Film as written

5.7. Next, wash the protein G beads for approximately 5 minutes with 900 µL of high salt lysis buffer. [5.7.1 - MED] Make sure that the beads are completely resuspended in the wash buffer for optimal washing. [5.7.2 - CU/ECU]
5.7.1. *Film as written

5.7.2. *Film as written

5.8. Centrifuge the protein G beads for 30 seconds at 8,000 x g and 4 °C and discard the supernatants. [5.8.1 - TEXT - MED] Be careful not to disturb the pelleted protein G beads to avoid loss of the immunoprecipitated material. [5.8.2 -ECU]
5.8.1. Talent removes the tubes from the centrifuge and discards the supernatant. (TEXT: Repeat 4x)

5.8.2. Talent removing supernatant from one of the tubes while focusing on the pellet.
5.9. After the last wash step, add 50 microliters of 2X Laemmli sample buffer to the beads [5.9.1 - CU] and heat the suspension for 10 minutes at 95 °C to elute the co-immunoprecipitated proteins. [5.9.2 - MED]
5.9.1. *Film as written

5.9.2. *Film as written

5.10. After heating, centrifuge the protein G beads for 30 seconds at 8,000 x g.  [5.10.1 - MED] Then, store the samples at 4 °C if they will be used immediately, or at -20 °C for long term storage. [5.10.2 - MED]
5.10.1. *Film as written

5.10.2. Talent places the samples in the refrigerator or freezer.
6. Results: Mx1  Inhibits Influenza A Virus Replication by Interacting with the Viral Nucleoprotein
6.1. Shown here is a western blot of a co-immunoprecipitation experiment where two samples…[6.1.1 - LM] one having both the antiviral Mx1 protein and the influenza A virus nucleoproteins present…[6.1.2 - LM] and a control where only the Mx1 protein is present. [6.1.3-LM]
6.1.1. Figure 2

6.1.2. Figure 2: Highlight the right column with the two + signs up top and the 4 bands below. With the words “antiviral Mx1 protein” highlight the Mx1 and the far right + sign in the 2nd row.  With the words “influenza A virus nucleoprotein” highlight the NP and the + sign in the top row.)
6.1.3. Figure 2: Highlight the left column with the - up top and the + below it and the single band at the bottom. With the words “Mx1 protein” highlight the Mx1 and the left + sign in the 2nd row.  
6.2. This blot shows that the Mx1 protein is only co-immunoprecipitated in the presence of co-expressed influenza A virus nucleoprotein.[6.2.1 - LM]
6.2.1. Figure 2: Highlight the band in the far right column signified by the Mx1 on the left and the IP: anti-NP on the right. (the 2nd band down on the right side).

6.3. Here one can see the importance of using the alkylating agent N-ethylmaleimide when preparing the cell lysates.  In the presence of N-ethylmaleimide, the NP–Mx1 interaction is able to be detected, [6.3.1 - LM] but in its absence, this interaction is undetectable. [6.3.2 - LM]
6.3.1. Figure 3: Highlight the top left band (Mx1 top row, under the + sign) with the words ”in the presence of N- ethylmaleimide”

6.3.2. Figure 3:Highlight the top right band (or lack thereof: Mx1 top row, under the - sign) with the words “absence, this interaction is undetectable”.

6.4. This method is very versatile and can be used to evaluate the co-immunoprecipitation of Mx1 with influenza A virus nucleoprotein from lysates derived from transfected cells, [6.4.1 - LM] infected cells, [6.4.2 - LM] or derived from virions. [6.4.3 - LM]
6.4.1. Figure 4: Highlight the “Transfected cells” column and label with the last 2 words.

6.4.2. Figure 4: Highlight the “Infected cells” column and label.
6.4.3. Figure 4: Highlight the “Virion-derived” column and label.
7. Conclusion (said by authors on camera) 
7.1. Judith Verhelst: After watching this video, you should have a good understanding of how to perform a co-immunoprecipitation experiment. Furthermore, the addition of N-ethylmaleimide to the cell lysis buffer allows for the study of weak or transient protein-protein interactions, such as the interaction between the influenza A virus nucleoprotein and the antiviral Mx1 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.  

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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