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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  
2. Does your protocol include software usage? (N)
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
T cell preparation: steps 3.4, 3.5 and 3.6
4. 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. 
CHO cell preparation: 2.4 and 2.5
5. Will the filming need to take place in multiple locations? (N)
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Joanna Brzostek:  Non-stimulatory peptide MHC complexes do not activate T cells, but can enhance T cell responses to agonist peptide MHC. This protocol describes an experimental system to investigate co-agonism during human CD8+ T cell activation [1].
1.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera. 

1.2. Joanna Brzostek:  We expressed MHC molecules as single chain complexes, with covalently linked heavy chain, β2-microglobulin and the peptide. This allows introducing mutations into MHC molecules presenting pre-determined peptides [1]. 
1.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera. 

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Maryam Hamidinia:  This protocol uses human CTL clone specific for an epitope of Hepatitis B virus. Understanding the mechanism of co-agonism during T cell responses against hepatitis can contribute to development of immunotherapies against this viral infection [1].
1.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera. 

1.4. Maryam Hamidinia: The presented methods can be used in research on other fundamental aspects of T cell activation in human T cell systems with known pMHC specificity [1].
1.4.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.





Section - Protocol
2. Plating CHO Cells as Antigen Presenting Cells
Author Comment: Almost all the steps are performed in the hood, as fixation is the very last step of sample prep. 
One more safety point – our university Office of Health Safety requires that any centrifugations of human primary cells/human cell lines are performed using centrifugation buckets with lids, which can only be opened in the hood. This is not required in some other places, but we need to follow this procedure during filming. I have added a sentence highlighting this precaution in the Conclusion section. For the filming, we will need to place centrifuge tubes containing CTLs (all centrifugation steps in Section 3) in the bucket inside the hood, then close the lid, then take this to centrifuge. After centrifugation, the lids can only be opened inside the hood. 
Videographer: When actions are performed in the hood, please make sure it is visually clear that they are performed in the hood.
2.1. This protocol uses single chain human MHC class I molecules consisting of signal sequence, peptide of interest, linker, human β2-microglobulin linker (“beta 2 micro-globulin”), and MHC heavy chain. E183 (“E-1-8-3”) peptide from hepatitis B is used as agonist peptide, GAG (pronounced “gag”) from HIV is used as non-stimulatory peptide [1].
2.1.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1A.
2.2. The single chain human MHC molecules are expressed in a hamster cell line containing tetracycline repressor. Agonist single chain MHC is expressed using tetracycline inducible plasmid, resulting in very low expression levels in the absence of tetracycline, and high expression levels in the presence of tetracycline [1].
2.2.1.  LAB MEDIA: Figure 1. Video Editor: Show only Figure 1C.
2.3. CHO cells expressing low levels of agonist peptide MHC are transfected with constitutively expressed non-stimulatory peptide MHC. Use of this experimental system allows comparing T cell responses to agonist peptide MHC in the presence or absence of non-stimulatory peptide MHC [1].
2.3.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1C.
2.4. To begin this procedure, cultivate CHO (pronounced “chow” as in chowder) cells in a T75 flask as outlined in the text protocol [1-TXT]. 
2.4.1. MED: Establishing shot of the talent approaching a biosafety hood and beginning to prepare the cells for culture. Any step in the cultivation process can be filmed for this shot. TEXT: Use cells at 70 – 90% confluence.
2.5. One day before the T cell activation experiment [1-TXT], wash the cells in the flask with PBS [2]. Add a solution containing 0.05 percent Trypsin and 0.02 percent EDTA in PBS [3], and incubate for 5 – 10 minutes at room temperature [4].
2.5.1. MED: Talent retrieves the flask of CHO cells from the incubator. TEXT: Day before the experiment.
2.5.2. MED: In the biosafety hood, the talent washes the cells in the flask with PBS.
2.5.3. MED: Talent adds the mentioned Trypsin/EDTA solution to the flask.
2.5.4. MED: Talent sets the flask aside in the biosafety hood to incubate at room temperature.
2.6. Using a light microscope, observe the cells to make sure that they have detached [1]. Then, add complete F12 (“F-twelve”) to the flask to stop the trypsinization [2].
2.6.1. MED: Talent, at the microscope, observes the cells.
2.6.2. MED: Talent adds cF12 to the flask.
2.7. Transfer the cell suspension to a 15 milliliter tube [1]. Centrifuge at 400 x g for 5 minutes [2-TXT], and remove the supernatant by either pipetting or decanting [3]. Re-suspend the cell pellet in 5 milliliters of complete F12 [4].
2.7.1. MED: Talent transfers the cell suspension to a 15 mL tube.
2.7.2. MED: Talent places the tube into a centrifuge and closes the centrifuge lid. TEXT: Centrifuge at RT or 4 °C.
2.7.3. MED: Talent removes the supernatant. Either of the mentioned methods is acceptable, but only show one method.
2.7.4. MED: Talent re-suspends the cell pellet with cF12.
2.8. Use a hemocytometer to count the cells [1], and adjust the cell concentration to 20,000 cells per milliliter in cF12 [2]. Add 50 – 60 nanograms per milliliter of tetracycline to the agonist only samples to induce high amounts of agonist pMHC-I expression as a positive control [3].
2.8.1. MED: Talent, at the microscope, uses a hemocytometer to count the cells.
2.8.2. MED: Talent adjusts the cell concentration by adding cF12.
2.8.3. MED: Talent adds tetracycline to the agonist only samples.
2.9. After this, mix the CHO cells either by vortexing or pipetting [1]. Add 100 microliters of the cell suspension to each well of a U-bottom 96-well plate [2-TXT]. Incubate overnight at 37 degrees Celsius with 5 percent carbon dioxide [3].
2.9.1. MED: Talent mixes the CHO cells. Showing either method (vortexing or pipetting) is okay, but only show one method.
2.9.2. MED: Talent adds the cell suspension to the wells of a U-bottom 96-well palte. TEXT: Use triplicated per CHO cell line.
2.9.3. MED: Talent places the 96-well plate into an incubator.

3. T Cell Activation Assay 
3.1. The day before the experiment, centrifuge CTLs cells at 400 x g and at 4 degrees Celsius for 5 minutes [1-TXT]. Use a hemocytometer to count the cells [2], and re-suspend them at a density of 1 million cells per milliliter in complete human T cell media without cytokines or PHA [3].
3.1.1. MED: Talent places the vessel of CTL cells into a centrifuge, closes the centrifuge lid, and turns the centrifuge on. TEXT: Day before the experiment.
3.1.2. MED: Talent, at a microscope, uses a hemocytometer to count the cells.
3.1.3. MED: Talent re-suspends the cells in complete human T cell media.
3.2. Incubate the CTLs overnight at 37 degrees Celsius with 5 percent carbon dioxide [1-TXT]. The next day, centrifuge the T cells at 400 x g and at 4 degrees Celsius for 5 minutes [2-TXT]. Discard the supernatant, and re-suspend the cells in 2 milliliters of complete serum-free media [3].
3.2.1. MED: Talent places the vessel of CTL cells into an incubator. TEXT: Day of the experiment.
3.2.2. MED: Talent places the vessel of T cells into a centrifuge, closes the centrifuge lid, and turns the centrifuge on. TEXT: Day of the experiment.
3.2.3. MED: Talent re-suspends the T cells in complete serum-free media.
3.3. Use a hemocytometer to count the T cells [1], and adjust their density to 1 million live cells per milliliter in complete human T cell media [2]. Add anti-human CD107a (“C-D-1-0-7-a”) antibody at a 1-to-100 dilution and brefeldin A (“bre-fel-din-A”) at a 1-to-1000 dilution [3].
3.3.1. MED: Talent, at a microscope, uses a hemocytometer to count the cells.
3.3.2. MED: Talent adjusts the T cell density by adding complete human T cell media.
3.3.3. MED: Talent adds the antibodies and brefeldin A to the T cells.
3.4. Next, retrieve the 96-well plate containing the CHO cells [1]. Using a glass Pasteur pipette, aspirate the media from the CHO cells [2]. Add 200 microliters of the T cell suspension to each well [3]. Co-culture the T cells with CHO cells at 37 degrees Celsius with 5 percent carbon dioxide for 3 – 4 hours [4].
3.4.1. MED: Talent retrieves the 96-well plate from the incubator.
3.4.2. MED: Talent uses a glass Pasteur pipette to aspirate the media from the CHO cells.
3.4.3. MED: Talent adds the T cell suspension to each well of the 96-well plate.
3.4.4. MED: Talent places the 96-well plate into an incubator.
3.5. At the end of the co-culture, centrifuge the 96-well plate at 400 x g and at 4 degrees Celsius for 5 minutes [1]. Remove the supernatant by aspirating or flicking [2]. Then, add 2.5 microliters or CD3 antibodies and 2.5 microliters of CD8 antibodies in 50 microliters of 0.5 percent BSA in PBS to each well for cell surface antigen staining, and mix by pipetting [3].
3.5.1. MED: Talent places the 96-well plate into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.5.2. MED: Talent removes the supernatant by either of the mentioned methods (aspirating or flicking).
3.5.3. MED: Talent adds the antibodies to each well of the 96-well plate and mixes by pipetting. 
3.6. Incubate the samples in the dark and on ice for 30 minutes [1]. After this, add 150 microliters of wash buffer to each well to wash the samples [2-TXT]. Centrifuge the samples at 400 x g and at 4 degrees Celsius for 5 minutes [3]. Remove the supernatant by aspirating or flicking [4].
3.6.1. MED: Talent places the plate onto ice to incubate. Videographer: The authors typically do this by placing the plate in an icebox and closing the lid. Please make sure this is clearly visible in the shot. If this is not easily visible in the shot, the authors have offered to wrap the plate in foil to illustrate how the plate could be protected from light in a different way.
3.6.2. MED: Talent adds to each well of the plate. TEXT: See text for buffer composition.
3.6.3. MED: Talent places the 96-well plate into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.6.4. MED: Talent removes the supernatant by either of the mentioned methods (aspirating or flicking).
3.7. Set out a fixation/permeabilization kit [1], and add 100 microliters of fixation/permeabilization solution to each well and pipette to mix [2]. Incubate on ice for 20 minutes [3].
3.7.1. MED: Talent sets a fixation/permeabilization kit inside the biosafety hood. Author Comment to Videographer: All the steps are performed inside the hood, as the cells are not fixed yet. 
3.7.2. MED: Talent adds the fixation/permeabilization solution to a well and pipettes to mix. Videographer: Repeat this action in the same shot if necessary to cover the length of the voiceover narration.
3.7.3. MED: Talent places the plate onto ice to incubate.
3.8. Then, centrifuge the plate at 400 x g and at 4 degrees Celsius for 5 minutes [1]. Discard the supernatant, and add 200 microliters of 1x perm/wash buffer to each well [2]. Repeat this process – from centrifugation through adding the perm/wash buffer – once [3].
3.8.1. MED: Talent places the 96-well plate into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.8.2. MED: Talent adds 1x perm/wash buffer to each well of the plate. The supernatant should be removed prior to this shot.
3.8.3. MED: Talent removes the plate from the centrifuge, and removes/discards the supernatant. Alternatively, any action in this process can be filmed for this shot.
3.9. After this, re-suspend the cells in 50 microliters of perm/wash buffer containing anti-IFN-γ (“anti-interferon-gamma”) at a concentration of 0.3 micrograms per milliliter [1]. Incubate on ice, in the dark, for 30 minutes [2].
3.9.1. MED: Talent re-suspends the cells in perm/wash buffer containing anti-IFN-γ.
3.9.2. MED: Talent places the plate onto ice to incubate.
3.10. Next, add 150 microliters of 1x perm/wash buffer [1]. Centrifuge at 400 x g and at 4 degrees Celsius for 5 minutes [2]. Remove the supernatant and add 200 microliters of 1x perm/wash buffer [3].
3.10.1. MED: Talent adds 1x perm/wash buffer to the wells of the plate.
3.10.2. MED: Talent places the 96-well plate into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.10.3. MED: Talent adds 1x perm/wash buffer to each well of the plate. The supernatant should be removed prior to this shot 
3.11. Centrifuge the plate again at 400 x g and at 4 degrees Celsius for 5 minutes [1], and remove the supernatant by aspirating or flicking [2]. Re-suspend the sample in 200 microliters of wash buffer, and proceed with cytometric analysis [3].
3.11.1. MED: Talent places the 96-well plate into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.11.2. MED: Talent removes the supernatant by either of the mentioned methods (aspirating or flicking).
3.11.3. MED: Talent re-suspends the samples in wash buffer.
4. CHO Cell MHC Class I Staining
4.1. One day before the experiment, mix the CHO cells either by vortexing or pipetting [1]. Next, add 1 milliliter of the cell suspension to each well of a 12-well plate [2-TXT]. Incubate overnight at 37 degrees Celsius with 5 percent carbon dioxide [3]. 
4.1.1. MED: Talent mixes the CHO cells. Showing either method (vortexing or pipetting) is okay, but only show one method. TEXT: Day before the experiment.
4.1.2. MED: Talent adds the cell suspension to each well of a 12-well plate. TEXT: Use triplicates per cell line.
4.1.3. MED: Talent places the 12-well plate into an incubator.

4.2. One the day of the experiment, use a cell scraper to detach the CHO cells from the bottom of each well [1-TXT]. Transfer the 1 milliliter of media containing the cells from each well to FACS tubes [2].
4.2.1. MED: Talent uses a cell scraper to detach the CHO cells from the bottom of each well. TEXT: Day of the experiment.
4.2.2. MED: Talent transfers the media from the 12-well plate to FACS tubes. 
4.3. Centrifuge at 400 x g and at 4 degrees Celsius for 5 minutes [1]. Re-suspend in 100 microliters of anti-HLA antibody diluted in wash buffer [2-TXT]. Incubate on ice for 30 minutes [3].
4.3.1. MED: Talent places the FACS tubes into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
4.3.2. MED: Talent re-suspends the cell pellet in anti-HLA antibody diluted in wash buffer. TEXT: See text for details on which antibodies to use.
4.3.3. MED: Talent places the plate onto ice to incubate.
4.4. Then, add 1 milliliter of wash buffer to each CHO sample [1]. Centrifuge at 400 x g and at 4 degrees Celsius for 5 minutes, and discard the supernatant [2]. Re-suspend each sample in 0.3 milliliters of wash buffer, and proceed to flow cytometry analysis [3].
4.4.1. MED: Talent adds wash buffer to each CHO sample.
4.4.2. MED: Talent places the FACS tubes into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
4.4.3. MED: Talent re-suspends the samples in wash buffer.







Section – Results
5. Results: Investigatation of Co-Agonism in Human CD8+ T Cell Activation
5.1. In this study, a robust tool is presented for the investigation of molecular interaction during human CD8+ T cell activation [1]. An engineered xenogeneic system is generated that presents low levels of agonist pMHC in the presence or absence of co-agonist pMHC [2].
5.1.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1D and Figure 1E.
5.1.2. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1D and Figure 1E.
5.2. These engineered APCs are then used to stimulate an E183 specific human CD8+ T cell clone [1]. Untransfected CHO cells and CHO cells that express the non-stimulatory single chain GAG MHC complex do not induce activation [2].
5.2.1. LAB MEDIA: Figure 2. Video Editor: Show Figure 2A and Figure 2B side-by-side.
5.2.2. LAB MEDIA: Figure 2. Video Editor: In each Figure, emphasize the middle and right-most images in the top row (The two images labeled “Untransfected T-Rex CHO” and the two images labeled “T-Rex CHO + sc GAG-HLA-A2”)
5.3. Expression of high levels of the agonist single chain E183 MHC complex, which is the positive control, is seen to induce very efficient IFN-γ production and degranulation, demonstrating that the single chain E183 construct can be recognized by a specific TCR to activate T cell effector functions [1].
5.3.1. LAB MEDIA: Figure 2. Video Editor: In each Figure, emphasize the left-most image in the bottom row (The two images labeled “T-Rex CHO + sc E183-HLA-A2”)
5.4. Expression of low levels of single chain E183 MHC complex induced lower levels of IFN-γ production and degranulation, which enhanced by presence of non-stimulatory GAG MHC complex [1].
5.4.1. LAB MEDIA: Figure 2. Video Editor: In each Figure, emphasize the middle image in the bottom row (The two images labeled “T-REx CHO + sc E183-HLA-A2 + sc GAG-HLA-A2”)
5.5. Note that very high percentages of CD107a+ T cells are observed even in response to low levels of antigenic pMHC, which is consistent with previous studies [1]. However, presence of non-stimulatory GAG MHC complex increases CD107a MFI [2]. 
5.5.1. LAB MEDIA: Figure 2. Video Editor: In Figure 2B, emphasize all three images in the bottom row.
5.5.2. LAB MEDIA: Figure 2. Video Editor: In Figure 2B, in the bottom row, emphasize the middle image (The image labeled “T-REx CHO + sc E183-HLA-A2 + sc GAG-HLA-A2 no tetracycline”)



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Joanna Brzostek:  During this procedure, it is critical to control agonist MHC expression to ensure equal agonist presentation with or without non-stimulatory peptide. It is critical to quantify agonist peptide MHC expression using TCR-like antibodies in each experiment [1].
6.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.  
6.2. Joanna Brzostek: An alternative approach is to use supported lipid bilayers or beads presenting fixed amount of agonist peptide MHC in the presence of non-stimulatory peptide MHC. These experimental systems should allow testing of multiple non-stimulatory peptide sequences for co-agonism [1].
6.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.  
6.3. Joanna Brzostek:  The single chain MHC technology can be used to investigate molecular interactions in CD4 T cell activation, as well as to investigate non-classical MHC molecules [1].
6.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.  
6.4. [bookmark: _GoBack]Maryam Hamidinia: This protocol uses human blood and human cells. Follow all the necessary precautions when working with human blood to reduce the risk of transmission of blood borne diseases. For example, we use centrifugation buckets with lids when centrifuging human cells to reduce risk of biohazardous spills inside the centrifuge [1]. 
6.4.1. INTERVIEW: Named author says the statement above while looking slightly off-camera. 
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