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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
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.) 
4.7.1 (with cutting the edge of the tip), 4.9.1 (washing the beads without touching them and no mixing and no up and down pipetting), 4.13.1, 6.2.1, 6.2.2 (important to show that after addition of the Laemelli buffer, the beads are white at the bottom, and then you need to flick the tube gently with the finger so the beads will be mixed with the Laemelli buffer and the beads turn blue. ___________________________________________
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.) _To make sure not to lose the beads during all the washes and transfers. 4.7.1, 4.9.1, 6.2.1 __________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Marianne Strazza: This method can help answer key questions in the  cell signaling field, such as the importance of different protein domains in receptor-enzyme interaction and enzymatic activation [1-INT].
1.1.1. Marianne Strazza says the above in an interview style statement, looking slightly off-camera.
1.2. Marianne Strazza: The main advantage of this technique is that it allows concomitant testing of receptor-enzyme interactions and the functional consequences of this interaction on the enzyme activity [1-INT].
1.2.1. Marianne Strazza says the above in an interview style statement, looking slightly off-camera.


Protocol: (read by voice talent at JoVE)
2. Transfection of Cells 
2.1. For each plate, use 10 mL of DMEM supplemented with 10% FBS and 1% penicillin and streptomycin [2-MED]. The day before transfection, seed Human Embryonic Kidney 293T (pronounce “two-ninety-three-T”) cells into twelve 10 cm plates, using a hemocytometer to count the cells [1-MED-TXT]. [2-MED] Incubate at 37 °C in 5% CO2 [3-MED].
2.1.2. Talent adds DMEM to the plates. (Videographer Comment: 2.1.2 was slated as 2.1.1)
2.1.1. Talent seeds cells into 10 cm plates. A shot of the talent counting the cells with the hemocytometer can also be filmed. TEXT: 5 x 106 per plate; See Figure 1 for more details
2.1.2. Talent adds DMEM to the plates. (Move above 2.1.1)
2.1.3. Talent transfers the plates to an incubator at 37 °C.
2.2. Once the cells are 80 – 90% confluent, use a lipid-based transfection agent to transfect 5 of the plates [1-MED-TXT]. Perform the transfection following the manufacturer’s instructions for adherent cells in 10 cm plates [2-MED].
2.2.1. Talent sets out the 5 plates to be transfected and the lipid-based transfection agent on the lab bench. TEXT: See text for plasmid options; See Figure 1 for more details
2.2.2. Talent performs the transfection on the 5 plates. Any action taking during the transfection process can be filmed for this shot.
2.3. Then, transfect an identical second set of five plates – along with one additional plate, serving as a non-transfected control – for the measurement of expressed protein amount before the immunoprecipitation [1-MED]. Incubate the transfected plates in a tissue culture incubator at 37 °C in 5% CO2 for 48 hours [2-MED].
2.3.1. Talent performs the transfections on the second set of plates and the additional control plate. Any action (or actions) taking during this process can be filmed for this shot.
2.3.2. Talent transfers the plates to a tissue culture incubator at 37 °C.
2.4. Use a fluorescent microscope to examine the cells for GFP expression and ensure that transfection has successfully occurred [1-MED].
2.4.1. Talent approaches a fluorescent microscope, loads a sample, and begins examining the cells. (Videographer Comment: the lab didn't have a fluorescent scope so we filmed in front of another microscope)
3. Promoting Phosphorylation in Transfected Cells
3.1. Mix 50 μL of 100 mM sodium-orthovanadate with 50 μL of 30% hydrogen peroxide to prepare a fresh prevanadate mixture [1-MED].
3.1.1. Talent mixes 50 μL of 100 mM sodium-orthovanadate with 50 μL of 30% hydrogen peroxide.
3.2. To phosphorylate the tagged versions of PD-1 (pronounce “P-D-one”) , remove the media from the PD-1-GFP-transfected cells [1-MED-TXT]. Add 10 mL of plain DMEM and 10 μL of prevanadate to each plate [2-MED]. Incubate in the dark, at room temperature, for 15 minutes [3-CU]. 
3.2.1. Talent removes the media from the PD-1-GFP-transfected plates. TEXT: Do not treat SHP2-transfected cells or non-transfected cells with prevanadate Editor: Keep this text overlay up for 3.2.1 and 3.2.2.
3.2.2. Talent adds 10 mL of plain DMEM and 10 μL of prevanadate to each of the PD-1-GFP-transfected plates
3.2.3. Close up shot of the plates on the bench as they incubate in the dark at room temperature.
3.3. After this, wash the cells three times in ice-cold PBS, using 5 mL of PBS per wash [1-MED].
3.3.1. Talent washes the cells with ice-cold PBS.

4. Immunoprecipitation
Videographer: Clearly show that all of the steps in this section occur on ice or at 4 °C
4.1. While performing immunoprecipitation, all steps should be performed either on ice or at 4 °C [1-MED]. Supplement the lysis buffer with protease inhibitors by dissolving 1 tablet of the inhibitors in 10 mL of buffer [2-MED-TXT]. Also add 1 mM of sodium orthovanadate to the buffer that will be used on the PD-1-GFP-transfected plates [3-MED].
4.1.1. Establishing shot of the talent placing down or filling a bath with ice.
4.1.2. Talent dissolves 1 tablet of inhibitors in 10 mL of buffer. TEXT: See text for buffer composition.
4.1.3. Talent adds sodium orthovanadate to the buffer.
4.2. Add 500 μL of ice-cold lysis buffer to the cells [1-MED], making sure to add the lysis buffer containing the sodium orthovanadate to only the plates containing PD-1-GFP-transfected cells [2-MED]. Use a cell scraper to immediately remove and collect the cells from the plates [3-MED].
4.2.1. Talent adds ice-cold lysis buffer to the cells.
4.2.2. Talent adds lysis buffer containing sodium orthovanadate to a plate containing PD-1-GFP-transfected cells. Film this a bit closer and from a different angle than 4.2.1. Make sure the vessel with the lysis buffer containing the sodium orthovanadate is clearly labeled and is visible in the shot.
4.2.3. Talent, using a cell scraper, removes and collects the cells from a plate.
4.3. Transfer the lysates into 1.5 mL cold tubes [1-MED], and rotate them at 0.005 x g and at 4 °C for 30 minutes [2-MED].
4.3.1. Talent transfers the lysates to 1.5 mL cold tubes.
4.3.2. Talent transfers the tube to a rotator, and turns the rotator on at the mentioned conditions.
4.4. To collect the post nuclei supernatant from the lysates, spin them down at 10,000 × g and 4 °C for 10 minutes [1-MED]. Transfer the supernatants into new tubes, and discard the pellet [2-MED]. Store the supernatants for the second set of six plates on ice for later WCL analysis [3-MED].
4.4.1. Talent transfers the tubes to a centrifuge, and then turns the centrifuge on at the mentioned conditions.
4.4.2. Talent transfers the supernatants to new tubes. The discarding of the pellet does not need to be shown.
4.4.3. Talent stores the supernatants from the second set of plates on ice.
4.5. To begin preparing anti-GFP beads, gently shake the bottle containing the beads before opening to prevent settling [1-MED]. Remove 40 μL of the anti-GFP beads from the slurry per each condition [2-MED].
4.5.1. Talent shakes the bottle containing the beads.
4.5.2. Talent removes beads from the bottle.
4.6. Centrifuge at 500 x g and 4 °C for 3 minutes [1-MED]. Remove the supernatant to wash the beads [2-MED] – making sure to minimize contact between the pipette and the beads to prevent loss [3-CU].
4.6.1. Talent transfers a tube containing beads to a centrifuge, and then turns the centrifuge on.
4.6.2. Talent inserts a pipette into the tube containing beads and begins removing the supernatant.
4.6.3. Close up shot of the pipette in the tube as the supernatant is removed, showing that there is little/no contact between the pipette and the beads.
4.7. Re-suspend the beads in 80 μL of lysis buffer per sample [1-MED].
4.7.1. Talent re-suspends the beads in lysis buffer.
4.8. Add the washed beads directly to the cell lysate from the PD-1-GFP-expressing cells of the first set of four plates [1-MED]. Rotate at 0.005 x g for 30 min at 4 °C to immunoprecipitate the GFP-tagged proteins [2-MED].
4.8.1. Talent adds the washed beads to the tubes containing the lysates from the PD-1-GFP-expressing cells of the first set of four plates.
4.8.2. Talent transfers these tubes to a rotator, and turns the rotator on at the described conditions.
4.9. Wash the beads three times – using 1 mL of cold lysis buffer that does not contain orthovanadate for each wash [1-MED]. Then, centrifuge at 2,500 x g for 10 s [2-MED].
4.9.1. Talent washes the beads with cold lysis buffer.
4.9.2. Talent transfers the tubes to a centrifuge, and then turns the centrifuge on.
4.10. Divide the lysate of the active SHP2 from the first set of plates into three equal portions [1-MED], and add a portion to each of the three tubes containing the washed PD-1-GFP-containing beads [2-MED].
4.10.1. Talent obtains/divides the active SHP2 from the first set of plates into three equal portions. Show this in a way that is visually clear that the volume is being divided.
4.10.2. Talent adds a portion to each of the three tubes containing the washed PD-1-GFP-containing beads.
4.11. Add one-third of the lysate volume from the non-transfected cells to the second tube of the Wild Type PD-1-GFP beads [1-MED]. Discard the remaining two thirds [2-MED].
4.11.1. Talent adds one-third of the lysate volume from the non-transfected cells to the second tube of the Wild Type PD-1-GFP beads.
4.11.2. Talent discards the remaining two-thirds of the lysate volume from the non-transfected cells.
4.12. Incubate the beads for 4 h at 4 °C with gentle rotation at 0.005 x g [1-MED]. After this, wash the beads twice, using 1 mL of cold lysis buffer for each wash [2-MED-TXT]. Add 80 μL of lysis buffer to each sample – ensuring that the total volume in each tube is 100 μL [3-MED/CU].
4.12.1. Talent transfers the tubes to a rotator, and turns it on at the described conditions.
4.12.2. Talent washes the beads with cold lysis buffer. TEXT: Buffer should not contain pervanadate or orthovanadate. Editor: Keep this text overlay up for 4.12.2 and 4.12.3
4.12.3. Talent adds lysis buffer to each sample.
4.13. Using a cut pipette tip, pipette gently up and down to mix. Then, transfer 50 μL from each tube into two fresh 1.5 mL tubes.
4.13.1. Talent mixes a tube
4.13.2. Talent transfers 50 μL from that tube into a fresh 1.5 mL tube.

5. Phosphatase Activity Assay 
5.1. Wash the beads once with phosphatase wash buffer [1-MED-TXT]. Then, remove the supernatant completely [2-MED].
5.1.1. Talent washes the beads with phosphatase wash buffer. TEXT: See text for buffer composition.
5.1.2. Talent removes the supernatant completely from the tubes.
5.2. Add 100 μL of assay buffer to the beads [1-MED-TXT], and incubate at 30 °C for 30 min under gentle agitation [2-MED]. When the buffer turns yellow, terminate the reaction by adding 50 μL of 1 M solution of sodium hydroxide [3-MED].
5.2.1. Talent adds assay buffer to the beads. TEXT: See text for buffer composition.
5.2.2. Talent transfers the tubes to an incubator with a shaker/agitator.
5.2.3. Talent adds sodium hydroxide to the tubes. Make sure the buffer in the tubes is visibly yellow in the shot.
5.3. Centrifuge at 2,500 x g for 10 seconds [1-MED]. After this, transfer the supernatant into two wells of half-area in a 96-well late [2-CU-TXT]. Read the absorbance at 405 nm, and express the results as relative optical density over the control wild-type version of PD-1-GFP [3-MED-over the shoulder].
5.3.1. Talent transfers the tubes to a centrifuge, and then turns the centrifuge on.
5.3.2. Talent transfers the supernatant into two wells of a half-area in a 96-well plate. TEXT: Transfer 50 μL to each well
5.3.3. Talent, at a workstation computer, express the absorbance results as relative optical density over the control wild-type version of PD-1-GFP. Alternatively, the talent can review a previously generated data set, or can be shown reading the absorbance.

6. SHP2 Western Blot Analysis
6.1. First, spin down the beads at 2000 x g and 4 °C for 30 seconds [1-MED], and remove the supernatant [2-MED].
6.1.1. Talent loads the tubes into a centrifuge, and then turns the centrifuge on.
6.1.2. Talent removes the tubes (containing the beads) from a centrifuge and removes the supernatant.
6.2. Add 20 μL of 2x Laemmli buffer [1-MED], and boil at 95 °C for 5 min [2-CU].
6.2.1. Talent adds 2x Laemmli buffer to the tubes.
6.2.2. Close up shot of the tubes boiling. Alternatively, show the talent placing the tubes in a water bath (or heat block, etc) for the boiling process.
6.3. Using a BCA kit, measure the protein concentration of the input controls [1-MED]. Transfer 30 μL of the most diluted sample to a new tube [2-MED]. Use lysis buffer to dilute the rest of the input controls to the same concentration as the most diluted sample [3-MED].
6.3.1. Talent, at the lab bench with a BCA kit, measures the protein concentration of an input control.
6.3.2. Talent transfers some of the most diluted sample to a new tube.
6.3.3. Talent dilutes some of the other input controls with lysis buffer.
6.4. Then, transfer 30 μL of each of the diluted input controls to a new tube [1-MED]. Add equal volumes of 2x Laemmli buffer to the lysates [2-MED], and boil them 95 °C for 5 min [3-CU].
6.4.1. Talent transfers each of the diluted input controls to a new tube.
6.4.2. Talent adds equal volumes of 2x Laemmli buffer to the lysates.
6.4.3. Close up shot of the tubes boiling. Alternatively, show the talent placing the tubes in a water bath (or heat block, etc) for the boiling process.
6.5. [bookmark: _GoBack]After this, spin down the beads at 2000 x g and 4 °C for 30 seconds before performing western blot analysis as outlined in the text protocol [1-MED]. [2-MED]. 
6.5.1. Talent loads the tube into a centrifuge, and then turns the centrifuge on.
6.5.2. Talent loads the supernatant on an SDS-PAGE Tris-based gel. The beads can already be spun down before this shot.
6.6.  [1-MED]. [2-CU-TXT].
6.6.1. Talent adds the samples from the second sample set.
6.6.2. Close up of the gel as it is running. TEXT: Peled, M., et al. Proceedings of the National Academy of Sciences of the United States of America. (2018).

7. Results: Analysis of Co-Immunoprecipitation Assay
7.1. In this study, a combined co-immunoprecipitation and enzymatic activity assay is developed for the parallel assessment of receptor-enzyme interactions and activation [1-LM]. Unsurprisingly, SHP2 (pronounce “Ship-two”) failed to bind to PD-1 when the ITSM (pronounce each letter, “I-T-S-M”)  was mutated [2-LM].
7.1.1. LAB MEDIA: Fig.2.tiff – Show only Figure 2A.
7.1.2. LAB MEDIA: Fig.2.tiff – Still show only Figure 2A. Visually emphasize the empty spot (top row, third column from the left – which is where IB: SHP2 and PD-1 Y248F intersect).
7.2. Remarkably, the mutant version of the ITIM (pronounce each letter “I-T-I-M”) inhibited SHP2 binding only to a limited extent [1-LM]. Nevertheless, the SHP2 phosphatase activity assay reveals that the ITIM and ITSM are equally indispensible for the enzymatic activity.
7.2.1. LAB MEDIA: Fig.2.tiff – Show Figure 2B and 2C side-by-side. In Figure 2B, visually emphasize the second data column from the left (which represents PD-1 Y223F) during “…ITIM inhibited SHP2 binding only to a limited extent.”
7.2.2. LAB MEDIA: Fig.2.tiff – Still show Figure 2B and 2C side-by-side. In Figure 2C, visually emphasize the second and third columns from the left (which represent PD-1 Y223F and PD-1 Y248F, respectively).
7.3. This reveals a two-step activation model [1-LM] – in which SHP2 is folded into an auto-inhibited conformation under resting conditions [2-LM]. Upon activation of PD-1, SHP2 is recruited to the phosphorylated ITSM [3-LM]. However, the ITIM must also be phosphorylated to unfold SHP2 into its active confirmation [4-LM].
7.3.1. LAB MEDIA: Fig.2.tiff – Show only Figure 2D.
7.3.2. LAB MEDIA: Fig.2.tiff – Still show only Figure 2D. Visually emphasize the left-most image in the figure.
7.3.3. LAB MEDIA: Fig.2.tiff – Still show only Figure 2D. Visually emphasize the middle image in the figure.
7.3.4. LAB MEDIA: Fig.2.tiff – Still show only Figure 2D. Visually emphasize the right-most image in the figure.


8. Conclusion (said by authors on camera)
8.1. Marianne Strazza: After its development, this technique can pave the way for researchers in the field of cell signaling to explore the function of protein domains in receptor-enzyme interactions [1-INT].
8.1.1. Marianne Strazza says the above in an interview style statement, looking slightly off-camera.


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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