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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N____  
Can you record movies/images using your own microscope camera? (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.) _2.4.1, 3.2.2, 3.3.2, 3.5.2, 4.6.1, 4.6.2__________________________________________
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.) _2.4.1: Important to have the cells in suspension (mix before removing a sample), and to be precise with the timing.
3.3.2: Important that the barcoding reagents have been pipetted correctly and have been titrated in advance. The cells must be mixed well with the barcoding reagents to ensure even staining.__________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N___ If yes, how far apart are the locations? ________different rooms, same laboratory____________

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. Sigrid S. Skånland: This method can help answer key questions in the fields of cell biology and immunology, such as how are signaling pathways affected by different stimuli or drugs [1-INT].
1.1.1. Sigrid S. Skånland says the above statement in an interview-style shot, looking slightly off-camera.
1.2. Sigrid S. Skånland: The main advantage of this technique is that it allows you to perform single-cell signaling analyses in a medium- to high-throughput fashion [1-INT]. 
1.2.1. Sigrid S. Skånland says the above statement in an interview-style shot, looking slightly off-camera.


D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.8. Blood samples were received following written informed consent from all donors. The study was approved by the Regional Committee for Medical and Health Research Ethics of South-East Norway and the research on human blood was carried out in accordance with the Declaration of Helsinki


Protocol: (read by voice talent at JoVE)
2. Preparation, Stimulation, and Fixation of Cells
2.1. After re-suspending the cells in supplemented RPMI 1640 medium [1-MED-TXT], transfer the required amount of cell suspension to the wells of a 96 well V-bottom plate [2-MED-TXT]. Transfer the plate to a pre-heated 37 °C water bath, and allow it to rest there for 10 minutes [3-MED].
2.1.1. Talent, in a fume hood, re-suspends the cells in RPMI 1640 medium. Alternatively, this can be filmed as a MED/WIDE establishing shot of the talent approaching the fume hood (and the cells would be in the fume hood, already re-suspended) TEXT: See text for details on preparing the cell suspension
2.1.2. Talent, still in the fume hood, transfers some of the cell suspension to the wells of a 96 well V-bottom plate. TEXT: See text for details on plate set up
2.1.3. Talent transfers the plate to a water bath (which is on a laboratory bench), and sets a timer for 10 minutes. Alternatively, film the talent transferring the plate, and an additional CU shot of the plate as it rests in the water bath. 
2.2. Then, add 60 μL of Fix Buffer I to each well of a new 96-well plate to set up the fix plate [1-MED-TXT]. Place this plate in the 37 °C water bath [2-MED]. Transfer a 50 μL control sample to the plate, and mix by pipetting up and down [3-CU].
2.2.1. Talent adds the Fix Buffer I to the wells of the 96 well V-bottom plate. TEXT: Leave the plate in the water bath.
2.2.2. Talent transfers the fix plate to the water bath.
2.2.3. Talent adds a 50 μL control sample to the plate, and pipets up and down to mix.
2.3. Optionally, add 10 μg/mL anti-IgM to the cells to start the simulation time-course, and mix by pipetting up and down [1-MED/CU].
2.3.1. Talent adds anti-IgM to a well with cells, and pipets up and down to mix. Capture this action as both a MED and CU shot.
2.4. Transfer a 50 μL sample to the fix plate at each time-point, mixing each sample as it is added [1-MED/CU]. After the last sample is added, leave the fix plate in the water bath for 10 min [2-MED].
2.4.1. Talent transfers a 50 μL sample to the fix plate, and pipets up and down to mix. Capture this action as both a MED and CU shot.
2.4.2. Talent finishes adding the last sample, then sets a timer for 10 minutes. The Plate should be clearly visible in the water bath.
3. Fluorescent Cell Barcoding
3.1. First, wash the cells three times with PBS [1-MED]. Centrifuge the plate at 500 x g for 5 min [2-MED], and discard the supernatant [3-MED].
3.1.1. Talent washes the cells in the plate with PBS.
3.1.2. Talent puts the plate in a centrifuge, and then turns the centrifuge on.
3.1.3. Talent removes the supernatant by shaking it off into a sink.
3.2. Next, prepare a fresh 96 well V-bottom plate with [1-MED] barcoding reagents by pipetting 5 μL of each barcoding reagent into each well, filling the number of wells required to stain each samples [2-CU-TXT].
3.2.1. Talent sets a fresh 96 well V-bottom plate onto the lab bench.
3.2.2. Close up shot of the talent adding the barcoding reagent to the wells of the plate. TEXT: See Table 1 for details on barcoding reagents; TEXT: See Figure 1B for the staining matrix Editor: Both overlay will end up on-screen, but revealed at different times. Show the first text overlay during “…barcoding reagents by pipetting 5 μL of each barcoding reagent into each well, filling the number of wells required to stain each samples.” Show the second text overlay during “…filling the number of wells required to stain each samples.”
3.3. In the fixed cell plate, re-suspend the cells in each well with 190 μL of PBS [1-MED]. Then, transfer each well of cells to the corresponding well in the barcoding plate, mixing each well thoroughly [2-MED].
3.3.1. Talent re-suspends the cells in the wells of the fix plate with PBS. [Shots 3.3.1 and 3.3.2 combined]
3.3.2. Talent transfers the cells from the fix plate to the barcoding plate.
3.4. Let the plate rest at room temperature for 20 minutes, in the dark [1-MED]. Centrifuge the plate at 500 x g for 5 min, and discard the supernatant [2-MED]. After this, wash the cells in each well twice with flow wash [3-CU-TXT]. 
3.4.1. Talent sets the plate into a drawer, and shuts the door to keep the plate in the dark.
3.4.2. Talent transfers the plate to a centrifuge, and then turns the centrifuge on.
3.4.3. Talent washes the cells in a well with flow wash. TEXT: See text for wash composition.
3.5. Then, add 190 μL of flow wash to each well of cells [1-MED]. Combine all of the barcoded samples into one 15 mL tube [2-MED], and transfer each compensation control to a separate 1.7 mL tube [3-MED/CU].
3.5.1. Talent adds flow wash to a few wells on the barcoding plate.
3.5.2. Talent transfers the barcoded samples to a 15 mL tube.
3.5.3. Talent transfers the compensation controls to 1.7 mL tube. Film this closer up than 3.5.2 if possible, to clearly show that the tube (and thus the samples) is different.
3.6. Centrifuge at 500 x g for 5 min, and discard the supernatant [1-MED].
3.6.1. Talent transfers the tubes to a centrifuge, and then turns the centrifuge on.
4. Cell Permeabilization and Intracellular Antigen Staining
4.1. To begin, transfer 2 mL of Perm Buffer III to a 15 mL tube [1-MED]. Store at -20 °C so it will be ice-cold when used [2-MED].
4.1.1. Talent transfers some Perm Buffer III to a 15 mL tube.
4.1.2. Talent places the tube of Perm Buffer III to a freezer at -20 °C.
4.2. When ready, add 1.5 mL of ice-cold Perm Buffer to the 15 mL tube containing the barcoded cell population dropwise while vortexing, to avoid cell clumping [1-CU]. Add 100 μL of ice-cold Perm Buffer to each of the compensation controls in the same manner [2-MED].
4.2.1. Close up shot of the tube as it is being vortexed, and as the talent adds 1.5 mL of ice-cold Perm Buffer dropwise. Also capture a MED shot of the talent performing this action.
4.2.2. Talent adds ice-cold Perm Buffer dropwise to the compensation controls as they are being vortexed.
4.3. Immediately transfer the cells to a freezer at -80 °C for a minimum of 30 minutes [1-MED].
4.3.1. Talent transfers the sample tubes to a freezer at -80 °C.
4.4. When ready to begin antigen staining, remove the cells from the freezer [1-MED] and transfer them to a box of ice [2-MED]. Wash the cells three times with an excess of flow wash [3-MED-TXT].
4.4.1. [bookmark: _GoBack]Talent removes the tubes from the freezer. [Shots 4.4.1 and 4.4.2 combined]
4.4.2. Talent places the tubes into a box of ice.
4.4.3. Talent washes the cells with flow wash. TEXT: See text for flow wash amounts
4.5. Centrifuge the cells at 500 x g and 4 °C for 5 minutes [1-MED]. Discard the supernatant [2-MED], and re-suspend the barcoded cell population in a volume of flow wash such that there is 25 μL of cell suspension per phospho-antibody stain [3-MED]. Re-suspend the compensation controls in 200 μL of flow wash [4-MED].
4.5.1. Talent transfers the tubes to a centrifuge, and then turns the centrifuge on.
4.5.2. Talent discards the supernatant.
4.5.3. Talent re-suspends the barcoded cell population in a volume of flow wash. Film the full action (including the talent measuring/obtaining the flow wash) to ensure that the shot is long enough for this lengthy voiceover narration.
4.5.4. Talent re-suspends the compensation controls in flow wash.
4.6. To begin preparing antibodies for staining, add 10 μL of phospho-specific antibody –diluted in flow wash – to each well of a fresh 96 well V-bottom plate [1-MED]. Add 15 μL of surface marker diluted in flow wash and 25 μL of cell suspension to each well, for a final volume of 50 μL per well [2-MED].
4.6.1. Talent adds diluted phospho-specific antibody to the wells of a 96 well V-bottom plate.
4.6.2. Talent adds diluted surface marker and cell suspension to a well of the plate. Repeat this action for a few wells to cover the length of the voiceover narration.
4.7. Let the cells rest for 30 minutes at room temperature, in the dark [1-MED]. After this, wash the stained cells twice with flow wash [2-MED].
4.7.1. Talent transfers the plate to a drawer, then shuts the drawer to keep the cells in the dark.
4.7.2. Talent washes the cells with flow wash.
4.8. Centrifuge at 500 x g for 5 minutes [1-MED]. Discard the supernatant, and re-suspend the cells in 150 μL of flow wash [2-MED].
4.8.1. Talent transfers the plate to a centrifuge, and then turns the centrifuge on.
4.8.2. Talent re-suspends the cells in one well with flow wash. Repeat this action for other wells as needed to cover the length of the voiceover narration.
4.9. Then, perform flow cytometry analysis as outlined in the text protocol [1-MED-WIDE].
4.9.1. Talent approaches the flow cytometer with the plate in hand, and begins to analyze the plate.

5. Results:  Phospho Flow Cytometry Analysis with Fluorescent Cell Barcoding
5.1. In the presented protocol, three-dimensional barcoding is performed by combining three barcoding dyes [1-LM]. Individual samples are then de-convoluted by subsequent gating on each barcoding reagent versus side scatter area [2-LM].
5.1.1. LAB MEDIA: Figure 1.pdf – Show Figure 1B and 1C
5.1.2. LAB MEDIA: Figure1.pdf – Emphasize/Zoom in to show only Figure 1C.
5.2. The basal and stimulation-induced phosphorylation levels of 20 signaling molecules downstream of the B cell receptor are then characterized in B cells from CLL patients, and normal controls, under various conditions [1-LM]. The STAT3 (pY705) (pronounce “stat-three-phospho-tyrosine-seven-oh-five”) is seen to be significantly up-regulated [2-LM].
5.2.1. LAB MEDIA: Figure 1.pdf – Show Figure 1D. TEXT: Myhrvold, I.K. et al. Oncotarget. (2018).
5.2.2. LAB MEDIA: Figure 1.pdf – Still showing only Figure 1D. Visually emphasize all of the data points above the dotted line, which represent above healthy donor levels
5.3. Cells are stimulated with anti-IgM for up to 30 minutes in order to identify signaling aberrations induced through the B cell receptor pathway [1-LM]. While CLL cells from patients with unmutated IgVH display increased sensitivity towards anti-IgM stimulation, it is only statistically significant for AKT (pS473) (pronounce “A-K-T phosphor-serine-four-seven-three”) [2-LM].
5.3.1. LAB MEDIA: Figure 1.pdf – Show Figure 1E.
5.3.2. LAB MEDIA: Figure 1.pdf – Still showing only Figure 1E. Visually emphasize the data set represented by circles with Xs in them (the “UM-CLL”, which are the CLL cells with unmutated IgVH).
5.4. Cells are then exposed to the PI3Kδ inhibitor idelalisib to test if the aberrant AKT (pS473) signal can be reversed [1-LM]. As shown here, the aberrant levels are significantly reduced upon treatment – in a concentration dependent manner – demonstrating that kinase inhibitors can be applied to normalize aberrant signaling in CLL cells [2-LM].
5.4.1. LAB MEDIA: Figure 1.pdf – Show Figure 1F.
5.4.2. LAB MEDIA: Figure 1.pdf – Still showing only Figure 1F. Visually emphasize the data set represented by circles with Xs in them (the “UM-CLL”, which are the CLL cells with unmutated IgVH).


6. Conclusion (said by authors on camera)

6.1. Skånland: Before attempting this procedure, it’s important to remember to titrate barcoding reagents and antibodies, and to verify that selected surface markers are compatible with the fixation and permeabilization reagents [1-INT].
6.1.1. Sigrid S. Skånland says the above statement in an interview-style shot, looking slightly off-camera.
6.2. Skånland: The cells need to be in suspension for flow cytometry analysis. Still, the phospho flow protocol can be adapted to adherent cells and tissue following procedures to obtain a single-cell suspension, such as cold trypsination [1-INT].
6.2.1. Sigrid S. Skånland says the above statement in an interview-style shot, 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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