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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? NO  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? 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. Please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   NO





Current Protocol Length

Number of Steps:  22
Number of Shots:  53 

Introduction

1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED: 
1.1. Pablo F. Cespedes: Studying the output of the immune synapse has been restricted mostly to microscopy methods. BSLB facilitates the study of the synapse using flow cytometry.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Pablo F. Cespedes: BSLBs have expanded the repertoire of tools available to study the extracellular particles released by T cells using flow cytometry and microscopy.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.3.1.


OPTIONAL: 
1.3. Pablo F Cespedes: As such, BSLBs can be used in a wide variety of immunological questions trying to characterize the composition and the biochemical regulation of the T cell output. This includes the study of drugs, immune receptors, chimeric antigen receptors, and the genetic editing of the cells of interest. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.1.3.


1.4. Pablo F. Cespedes: The most challenging aspect of this protocol is to optimize the protein calibrations and the paired multicolor flow cytometry panel used to track particle transfer with flow cytometry. This requires the systematic iteration of staining conditions and instrument settings. Here, I will demonstrate the basic and most important steps of this protocol.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.8.2.




1.5. 

Protocol
2. Protein Density Calibrations on BSLBs
2.1. Begin by diluting one microliter of bead solution with 1,000 microliters of PBS [1]. Count the beads using a hemocytometer chamber and calculate their concentration per milliliter. Then, calculate the volume of silica beads needed for five-hundred-thousand final BSLBs (Pronounce "B-S-L-Bs") per titration point [2].
2.1.1. Talent diluting the bead solution with PBS.
2.1.2. Talent counting the beads using a hemocytometer chamber.
2.2. Transfer the required volume of silica beads to a sterile 1.5-milliliter microcentrifuge tube [1]. Wash the silica beads three times with 1 milliliter of sterile PBS [2].
2.2.1. Talent transferring silica beads to a microcentrifuge tube.
2.2.2. Talent washing the silica beads with sterile PBS. 
2.2.3. Spin down the silica beads.
2.2.4. Macro shot of a bad pellet, showing insufficient pelleting of the silica bead volume.
2.2.5. Macro shot of a good pellet, no smearing of the beads is observed on the side of the tube.
3. For the Titration of His-tagged Proteins on 12.5 mol% of DGS-(Ni) NTA-containing BSLBs
3.1. Prepare three volumes of liposome master mix containing a final 12.5 mole% of Nickel-containing phospholipids [1]. Use the liposome master mix to resuspend the washed silica beads [2]. Then, gently mix it by pipetting up and down half of the total volume [3].
3.1.1. Talent preparing the liposome master mix containing DGS-NTA(Ni).
3.1.2. Talent resuspending the washed silica beads using the liposome master mix.
3.1.3. Talent mixing it by pipetting up and down.
3.2. Using a sterile technique, add Argon or Nitrogen gas to the tube to displace air and protect the lipids from oxidation during mixing [1]. Add Argon to the 0.4 millimolar lipid stocks. Store the stock and manipulate using a sterile technique [2]. Move the BSLBs to the vertical mixer and mix for 30 minutes at room temperature using orbital mixing at 10 rpm [3]. 
Videographer: This step is important!
3.2.1. Talent adding Argon or Nitrogen gas to the tube.
3.2.2. Talent adding Argon to the lipid stocks.
3.2.3. Talent placing the tube containing BSLBs to the vertical mixer and using orbital mixing.
3.3. Then, spin down the beads by centrifuging for 15 seconds at room temperature on a benchtop minicentrifuge [1]. Block the formed BSLBs by adding 1 milliliter of 5% BSA containing 100 micromolar of Nickel Sulfate to saturate NTA (Pronounce "N-T-A") sites on the BSLBs [2].
Videographer: This step is important!
3.3.1. Talent placing the beads in a benchtop minicentrifuge.
3.3.2. Talent adding BSA solution to BSLBs.
3.4. Wash three times using HBS-HSA (Pronounce "H-B-S-H-S-A") buffer to remove the excess blocking solution [1]. Take a new U-bottom or V-bottom 96-well plate and prepare 2-fold serial dilutions of the proteins [2]. Resuspend the prepared BSLBs in a volume such that 100 microliters of HBS-HSA buffer contain five-hundred-thousand BSLBs [3]. 
Videographer: This step is important!
3.4.1. Talent washing BSLBs using HBS/HSA (BSA).
3.4.2. Talent preparing 2-fold serial dilutions of the proteins in a U-bottom 96-well plate.
3.4.3. Talent suspending the BSLBs in the buffer.
3.5. Then, take another U-bottom or V-bottom 96-well plate and transfer 100 microliters of the BSLB suspension to the wells in such a way that each well receives five-hundred-thousand BSLBs [1]. Spin down the second plate at room temperature for 2 minutes at 300 × g [2].
3.5.1. Talent transferring BSLB suspension to the wells of a U-bottom 96-well plate.
3.5.2. Talent placing the plate in the centrifuge.
3.6. Discard the supernatant and transfer 100 microliters volumes from the protein titration plate to the plate containing the sedimented BSLBs [1]. Mix gently, avoiding excess bubble generation while pipetting [2]. Use aluminum foil to protect it from light and incubate at room temperature for 30 minutes at 1,000 rpm [3]. 
3.6.1. Talent transferring solution from the protein titration plate to the plate containing the sedimented BSLBs.
3.6.2. Talent mixing the solution by pipetting up and down.
3.6.3. Talent placing the plate covered with aluminum foil in a plate shaker.
3.7. Then, wash the plate three times by adding HBS-HSA buffer to the plate [1] and spin it down at room temperature for 2 minutes at 300 × g [2].
3.7.1. Talent adding buffer to the plate.
3.7.2. Talent placing the plate in a centrifuge. 

4. Measurement of T-cell Output Transfer to BSLBs
4.1. Count the cells after washing [1]. Then, dilute them to a final concentration of 2.5 million per milliliter using Synaptic Transfer Assay medium [2]. Add 100 microliters of this cell suspension to the BSLBs, mix gently and allow them to coculture [3]. 
4.1.1. Talent counting the cell in a hemocytometer.
4.1.2. Talent diluting the cells in Synaptic Transfer Assay medium.
4.1.3. Talent adding the cell suspension to the BSLBs. {Comment: this shot was not filmed}
4.2. Once the BSLBs are loaded with the protein mix, wash the BSLBs twice with HBS-HSA buffer to remove the excess unbound proteins [1]. Resuspend five-hundred-thousand BSLBs per well in 200 microliters of HBS-HSA buffer [2]. 
4.2.1. Talent washing the BSLBs with HBS/HSA buffer.
4.2.2. Talent by resuspending BSLBs per well in 200 microliters of buffer per well.
4.3. Transfer 100 microliters of BSLBs per well to a new U-bottom 96-well plate to make a duplicate, such that the final amount of BSLB per well is two-hundred-fifty-thousand [1]. Spin down the BSLBs at 300 × g for 2 minutes at room temperature [2]. 
4.3.1. Talent transferring 100 microliters per well to a new U-bottom 96-well plate.
4.3.2. Talent placing the plate in a centrifuge.
4.4. Discard the supernatant and then resuspend the BSLBs using 100 microliters of T-cell suspension [1]. Mix gently to prevent the formation of bubbles [2]. Incubate the cocultures for 90 minutes at 37 degrees Celsius [3].
Videographer: This step is important! 
4.4.1. Talent suspending the BSLBs in T-cell suspension.
4.4.2. Talent mixing the solution.
4.4.3. Talent placing the coculture in an incubator.
4.5. Protect the cells from light and cool down the cocultures by first incubating them at room temperature for a minimum of 15 minutes [1]. Centrifuge the cells cocultures at room temperature for 5 minutes at 500 × g [2]. 
Videographer: This step is important!
4.5.1. Talent covering the plate with aluminum foil.
4.5.2. Talent placing the cells in a centrifuge.
4.6. Discard the supernatant and resuspend the cells cocultures in calcium and magnesium ion-free 2% BSA–PBS at room temperature for blocking [1]. Place the cells on ice for 45 minutes and protect them from light [2]. 
4.6.1. Talent suspending the cells in solution.
4.6.2. Talent placing the cells covered with aluminum foil on ice.
4.7. Prepare the antibody master mix using ice-cold 0.22-micrometer-filtered 2% BSA in PBS as a staining buffer. This master mix will provide extra blocking [1]. Spin down the cocultures at 500 × g for 5 minutes and 4 degrees Celsius [2].
4.7.1. Talent preparing the antibody master mix.
4.7.2. Talent placing the coculture in a centrifuge.
4.8. Discard the supernatants [1] and then use a multichannel pipette to resuspend the cells in the staining master mix containing optimized antibody concentrations [2]. Include isotype-labeled cells and BSLBs, fluorescent and non-fluorescent BSLBs, and cells and BSLBs stained-alone [3].
Videographer: This step is important!
4.8.1. Talent discarding the supernatants.
4.8.2. Talent suspending the cells in the staining master mix using a multichannel pipette.
4.8.3. A reference plate layout to include these staining as part of the same plate. {Comment: this step was not filmed and instead has to be replaced by LAB MEDIA: Exemplary Plate Layout}.
4.8.4.  
4.9. Mix gently by pipetting up and down half of the volume [1]. Incubate for 30 minutes on ice and protect them from light [2]. Wash the cells and BSLBs twice using ice-cold 2% BSA–PBS [3]. Spin them down at 500 × g for 5 minutes at 4 degrees Celsius [4]. After centrifugation, check the cocultures sedimented on the bottom of the wells [5]. 
4.9.1. Talent mixing the solution by pipetting up and down.
4.9.2. Talent placing the coculture on ice and closing the lid of the ice bucket.
4.9.3. Talent washing the cells and BSLBs using ice-cold 2% BSA–PBS.
4.9.4. Talent placing the coculture in a centrifuge.
4.9.5. Talent checking the pellets and cells sedimented properly following centrifugation. 
4.10. Then, resuspend the washed cocultures in 100 microliters of PBS and acquire immediately [1]. Activate the log scale for side scattered light and the time of flight parameter (also known as W) for side and forward scattered lights [2]. Acquire MESF standards, ensuring both the dimmest and brightest populations fall in the linear range of measurement [32]. Then, acquire compensation samples, calculate compensation, and apply (or link) the compensation matrix to the experiment [43].
Videographer: Please film the screen for all the SCREEN shots as a backup.
4.10.1. Talent suspending the washed cocultures in PBS.
4.10.2. SCREEN: To be provided by authors: Activation of log scale for SSC and time of flight (W) parameters for proper discrimination of singlets. {comment: this screenshot replaces the position of current screenshot 4.10.3}.
4.10.3. SCREEN: To be provided by authors: Optimal positioning of MESF standards in the acquisition software window. Authors: Please record screen capture videos for all SCREEN shots and upload them to your project page: https://www.jove.com/account/file-uploader?src=19254698 
4.10.4. SCREEN: To be provided by authors: Compensation samples being set.
4.10.5. SCREEN: To be provided by authors: Compensation samples being acquired.
4.10.6. [bookmark: _GoBack]SCREEN: To be provided by authors: Compensation being calculated, and compensation matrix being applied to the experiment.
4.11. Acquire and save a minimum of twenty thousand total MESF standards for each quantification channel [1]. Avoid using FACS sheath fluid or similar to resuspend MESF beads as these contain salts and alcohols that will destroy the fluorochromes leading to wider fluorescence peaks and high error [2].
4.11.1. SCREEN: To be provided by authors: Optimal positioning of MESF standards in the acquisition software window and saving it.
4.11.2. SCREEN: To be provided by authors: Example of damaged MESF beads after adding FACS sheath fluid.
4.12. For acquisition using high-throughput samplers, set instrument acquisition to standard, set sample acquisition to 80 microliters, sample flow rate between 2 and 3 microliters per second, sample mixing volume of 50 microliters, sample mixing of 150 microliters per second, and mixing per well between 3 and 5 [1].
4.12.1. SCREEN: To be provided by authors: instrument acquisition, sample acquisition, sample flow rate, sample mixing volume, sample mixing, and mixing per well being set.
4.13. Acquire a minimum of ten thousand single BSLBs per sample [1]. Finally, export the FCS files [2]. 
4.13.1. SCREEN: To be provided by authors: The number of single BSLBs per sample being set to ten thousand and being acquired.
4.13.2. SCREEN: To be provided by authors: FCS files being exported.


Results
5. Results: FCM for Absolute Protein Quantification on the Cell Surface
5.1. An example of quantitative flow cytometry measurements of ICAM-1 on the surface of tonsillar B cells and helper T cells is shown here [1]. The representative images describe the gating strategy for analyzing single CXCR5 B cells and follicular helper T cells isolated from human palatine tonsils [2].
5.1.1. LAB MEDIA: Figure 1.
5.1.2. LAB MEDIA: Figure 1A.
5.2. This sequential gating strategy identifies single, live events within the continuous acquisition window [1]. The doublets [2], the cell surface expression of ICAM-1 [3] compared to FMO controls [4], and FMO controls labeled with relevant isotypes of the populations are shown here [5].
5.2.1. LAB MEDIA: Figure 1A.
5.2.2. LAB MEDIA: Figure 1A. Video Editor: Emphasize the black arrows in (iii) and (iv).
5.2.3. LAB MEDIA: Figure 1A. Video Editor: Emphasize the teal histograms in (viii).
5.2.4. LAB MEDIA: Figure 1A. Video Editor: Emphasize the light grey histograms in (viii).
5.2.5. LAB MEDIA: Figure 1A. Video Editor: Emphasize the black histograms in (viii).
5.3. Gating and measurement of MFIs from different standard MESF populations [1] and the overlaid histograms of the MESF populations are shown here [2]. The values represent the MFIs for each of the 5 MESF populations [3]. Linear regression of MESF over cMFI for the MESF populations are presented here [4].
5.3.1. LAB MEDIA: Figure 1B. Video Editor: Emphasize (vi) in B.
5.3.2. LAB MEDIA: Figure 1B. Video Editor: Emphasize (vii) in B.
5.3.3. LAB MEDIA: Figure 1B. Video Editor: Emphasize “Blank:340”, “F1: 2215”, “F2:10588”, “F3:72011”, and “F4: 186555” in (vii).
5.3.4. LAB MEDIA: Figure 1B. Video Editor: Emphasize (viii) in B.
5.4. The slope extracts MESF bound to cells from the FCM data of ICAM-1 on the surface of tonsillar B cells and TFH [1]. The conversion to absolute molecular densities follows these simple mathematical operations [2].
5.4.1. LAB MEDIA: Figure 1A and 1B. Video Editor: Emphasize “Slope=0.305” in B(viii).
5.4.2. LAB MEDIA: Figure 1C.
5.5. The representative images show the flow cytometry analysis of BSLBs reconstituted with increased densities of recombinant monomeric ICAM-1 12-Histidines [1]. Regression analyses of ICAM-1 reference concentration [2] over measured density are shown here [3]. 
5.5.1. LAB MEDIA: Figure 2A.
5.5.2. LAB MEDIA: Figure 2B. Video Editor: Emphasize “CR” in the top line.
5.5.3. LAB MEDIA:  Figure 2B. Video Editor: Emphasize “DM” in the top line.
5.6. The slope [1] is used to calculate target concentrations of protein [2] to achieve the density of cells [3]
5.6.1. LAB MEDIA: Figure 2B. Video Editor: Emphasize “Slope=2962”.
5.6.2. LAB MEDIA: Figure 2B. Video Editor: Emphasize “CT” in the top line.
5.6.3. LAB MEDIA: Figure 2B. Video Editor: Emphasize “Dcells” in the top line.
5.7. The flow diagrams show the critical steps for coculturing T cells with BSLBs reconstituting model membranes and the subsequent measurement of particle transfer with flow cytometry [1]. The gating strategy to identify single BSLBs and cells within the continuous acquisition window is shown here [2].
5.7.1. LAB MEDIA: Figure 3A.
5.7.2. LAB MEDIA: Figure 3B and 3C.



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Pablo F. Cespedes: The most important thing to remember is that for maintaining the reproducibility of results, a new calibration curve is needed each time lots of proteins and lipids are replaced.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 3.5.1.


6.2. Pablo F. Cespedes: Upon coculture of T cells and BSLBs, BSLBs can be enriched by fluorescence-activated cell sorting for downstream proteomic and transcriptomic analyses to discover new effector molecules being released by different T cell subsets.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 4.4.1.

6.3. Pablo F. Cespedes: Our colleagues at the University of Oxford have used this method to demonstrate new ligand-receptor interfacial interactions and to study the effects of different genetic ablations on the output of human T cell synapses.

6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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