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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
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. Please upload all screen captured video files to your project page as soon as possible.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees self-record interview statements. JoVE can provide support for this option.

4. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 200 feet
 


Current Protocol Length

Number of Steps:  19
Number of Shots:  50

Introduction
1. Introductory Interview Statements

REQUIRED: 
1.1. Karoline Meagher: Data generated using this technique furthers our understanding of autoimmune prone mouse models as well as humanized mice that can be used to generate antibody or antibody-like molecules as therapeutics. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.1.

1.2. Karoline Meagher: The availability of reagents in an ever-expanding range of fluorophores allows for the simultaneous analysis of multiple parameters on individual cells and enables the assessment of B cell heterogeneity. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.11.1.

OPTIONAL:
1.3. Mark Eckersdorff: This protocol was developed with the purpose of phenotyping genetically engineered mice, to determine whether genetic manipulation would alter B cell development.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1.2.-4.1.4.

Introduction of Demonstrator on Camera

1.4. Benjamin Daniel: Demonstrating the procedure will be Faith Harris, a Lead Research and Development Specialist from VelocImmune Next 
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.




Ethics Title Card
1.5. All mouse studies were overseen and approved by Regeneron’s Institutional Animal Care and Use Committee (IACUC).


Protocol
2. Stain Cells and Prepare Compensation
2.1. Begin by aliquoting a million of each cell type from each animal into a 96-well U-bottom plate. Make sure sufficient wells are available for all samples and controls, including full stain, fluorescence-minus-one samples, and unstained samples for each fluorophore [1-TXT].
2.1.1. Talent adding 1 million cells to the 96 well plate. 

2.2. For the bone marrow maturation panel and the spleen maturation panel, aliquot cells into 2 wells, 1 million cells per well, for each full stain sample [1]. For the single-color compensation viability controls, add 2 million cells of each cell type to individual wells [2].
2.2.1. Talent aliquoting 1 million cells of BM and spleen in the wells for full stain. Video editor show “Table Layout for Stains.xlsx” as an inset.
2.2.2. Talent aliquoting 2 million cells of BM and spleen in the wells for single-color compensation. Video editor show “Table Layout for Stains.xlsx” as an inset.

2.3. Centrifuge the plate at 845 times g for 2 minutes at 4 degrees Celsius [1]. Decant the supernatant by quickly inverting and flicking the plate over a sink, taking care to not cross-contaminate the wells [2].
2.3.1. Talent centrifuging the plates. Videographer: Obtain multiple usable takes because this will be reused throughout the video.
2.3.2. Talent decanting the supernatant by inverting or flicking the plate. Videographer: Obtain multiple usable takes because this will be reused throughout the video.

2.4. Wash the cells twice in 200 microliters of DPBS [1]. Centrifuge and decant the supernatant after each wash [2]. 
2.4.1. Talent adding DPBS to the wells. 
2.4.2. Use 2.3.2.

2.5. Resuspend the cells in 100 microliters of viability dye diluted in DPBS at the ratio of 1 to 1,000, avoiding the cells used for single-color compensation [1]. 
2.5.1. Talent adding viability dye to the cells.

2.6. For each stain set, leave several unstained wells for a completely unstained sample and any other controls you might need as well as an additional unstained well for the viability FMO control [1].
2.6.1. Prepared plate with control wells. Video editor show “Table Layout for Stains.xlsx” in the inset.

2.7. Resuspend the cells of single-color compensation viability controls in 200 microliters of diluted viability dye [1]. Transfer 100 microliters of these cells to a 1.5-milliliter microcentrifuge tube [2] and heat it for 5 minutes at 65 degree Celsius [3]. Then, transfer the heated cells back to the original well with the remaining live cells [4].
2.7.1. Talent adding viability dye to the cells of single-color compensation viability controls.
2.7.2. Talent transferring 100 microliters of the cells to a microcentrifuge tube.
2.7.3. Talent heating the tube.
2.7.4. Talent transferring heated cells back to the well.

2.8. Incubate the cells at 4 degrees Celsius for 30 minutes protected from light [1]. After the incubation, centrifuge the cells [2] and decant the supernatant by flicking or inverting the plate without cross contaminating the other wells [3].
2.8.1. Talent incubating the plate at 4 degree Celsius.
2.8.2. Use 2.3.2.

2.9. Wash the cells by resuspending in 200 microliters of DPBS [1], then centrifuge and decant the supernatant as before [2]. Repeat the DPBS wash again [3]. Add 50 microliters of Fc block diluted with stain buffer at a ratio of 1 to 50 to get a final concentration of 10 micrograms per microliter [4].
2.9.1. Talent adding DPBS to the plate.
2.9.2. Use 2.3.1.
2.9.3. Talent giving second DPBS wash to the cells.
2.9.4. Talent adding Fc block diluted in stain buffer solution to the cells.

2.10. For peritoneal cells, add 5 microliters of monocyte blocker to reduce the non-specific staining [1], then incubate the cells at 4 degrees Celsius for 15 minutes, protected from light [2].
2.10.1. Talent adding monocyte blocker to peritoneal cells.
2.10.2. Talent incubating the plate at 4 degree Celsius.

2.11. Prepare full stain master mixes and FMOs in the stain buffer for a final volume of 100 microliters per million cells using the antibody tables in the text manuscript [1]. Without removing Fc block, add 100 microliters of full stain mixes and FMOs to selected wells [2]. 
2.11.1. Talent preparing the stain master mixes. 
2.11.2. Talent adding the prepared solutions to the cells.

2.12. Prepare single-color compensation controls for each antibody in a stain set [1]. Follow the manufacturers’ directions if using compensation beads [2]. 
2.12.1. Talent aliquoting compensation beads. 
2.12.2. Talent adding antibody to compensation beads.

2.13. If using cells, add titrated antibody in 100 microliters of stain buffer to the reserved cells without viability dye [1]. If all cells in the sample are positive for a particular marker, reserve unstained cells to be used when acquiring compensation data on the flow cytometer [2].
2.13.1. Talent adding the antibody to the cells in the plate without validity dye.
2.13.2. Talent setting aside the unstained cells to acquire data on flow cytometer. 

2.14. Incubate the cells and the beads at 4 degrees Celsius for 30 minutes protected from light [1]. Then, centrifuge and decant the supernatant by inverting and flicking the plate [2]. Wash the cells and beads in 200 microliters of stain buffer three times, centrifuging and decanting the supernatant each time [3].
2.14.1. Talent incubating the plate at 4 degree Celsius.
2.14.2. Use 2.3.1.
2.14.3. Talent adding stain buffer to the cells.

2.15. Resuspend the cells and beads in 200 microliters of 2% paraformaldehyde in DPBS to fix the samples for analysis [1-TXT]. Incubate the cells and beads at 4 degrees Celsius for 30 minutes, protected from light [2], then centrifuge and decant the supernatant by inverting or flicking the plate [3]. 
2.15.1. Talent adding paraformaldehyde to the cells. TEXT: CAUTION: Paraformaldehyde is a serious health hazard and flammable
2.15.2. Talent incubating the plate.
2.15.3. Use 2.3.2.

2.16. Resuspend the cells and beads in 200 microliters of stain buffer. Place a filter plate over a clean 96 well U-bottom plate [1] and transfer each sample to a well of the filter plate using a multi-pipette [2]. Centrifuge the filter plate and decant the supernatant [3].
2.16.1. Talent placing filter plate over 96-well U-bottom plate.
2.16.2. Talent transferring each sample to the wells of the filter plate.
2.16.3. Talent putting the plate in the centrifuge.

2.17. For the bone marrow and spleen maturation panels, resuspend the fully stained cells in 100 microliters of stain buffer [1]. Combine the 2 wells for each animal into 1 well [2]. 
2.17.1. Talent adding stain buffer to the bone marrow and spleen panels.
2.17.2. Talent combining the 2 wells of each animal into 1 well.

2.18. Resuspend the remaining panels, FMOs, and controls in 200 microliters of stain buffer [1]. Incubate fixed cells and beads at 4 degrees Celsius overnight, protected from light [2].
2.18.1. Talent adding stain buffer to the remaining panels.
2.18.2. Talent incubating the plate overnight.
3. Flow cytometric data acquisition and analysis
3.1. Record compensation controls for each stain panel using the prepared single stain compensations [1] and set positive and negative gates for each sample [2]. Calculate the compensation matrix using the software [3].
3.1.1. Talent recording the compensation controls for a stain panel.
3.1.2. Talent setting the positive and negative gates.
3.1.3. Talent calculating the compensation matrix.

3.2. Start acquiring the first sample, making sure that the gates are set appropriately [1]. Set the machine to run and record the various cell events for each sample as mentioned in the text manuscript [2].
3.2.1. Talent acquiring data of first sample.
3.2.2. Talent setting the machine to record various cell events for each sample.

3.3. Proceed with data analysis using flow cytometry analysis software, following the gating strategies in the text manuscript [1]. Videographer: This step is important!
3.3.1. Talent at the computer, performing data analysis.




Results
4. Flow cytometric analysis for the characterization of B cells
4.1. Flow cytometric analysis for characterization of peritoneal B cells in the peritoneum shows the frequencies of viable peritoneal cells [1], total B cells [2], B-1 and B-2 subsets [3], as well as B-1a and B-1b cells in mice [4].
4.1.1. LAB MEDIA: Figure 1. Video Editor emphasize the first chart.
4.1.2. LAB MEDIA: Figure 1. Video Editor emphasize the fourth chart.
4.1.3. LAB MEDIA: Figure 1. Video Editor emphasize the fifth chart.
4.1.4. LAB MEDIA: Figure 1. Video Editor emphasize the sixth chart.

4.2. When bone marrow B cells were analyzed, frequencies of viable cells [1], total B cells [2], Fraction A [3], pre-pro-B cells [4], Fraction B [5], Fraction C, Fraction C’ (C-prime) [6], Fraction D [7], immature Fraction E, transitional Fraction E [8], and Fraction F B-cells in mice were determined [9]. 
4.2.1. LAB MEDIA: Figure 2. Video Editor emphasize the viable cell group.
4.2.2. LAB MEDIA: Figure 2. Video Editor emphasize the B cells group.
4.2.3. LAB MEDIA: Figure 2. Video Editor emphasize the Fr A group.
4.2.4. LAB MEDIA: Figure 2. Video Editor emphasize the pre-pro cell group.
4.2.5. LAB MEDIA: Figure 2. Video Editor emphasize the Fr B cell group.
4.2.6. LAB MEDIA: Figure 2. Video Editor emphasize the Fr C and Fr C’ cell groups.
4.2.7. LAB MEDIA: Figure 2. Video Editor emphasize the Fr D cell group.
4.2.8. LAB MEDIA: Figure 2. Video Editor emphasize the Fr E cell group.
4.2.9. LAB MEDIA: Figure 2. Video Editor emphasize the Fr F cell group.

4.3. Analysis of splenic B cells shows the frequencies of viable spleen cells [1], total B cells [2], transitional B cells [3], T1, T2, T3 cells [4], mature B cells [5], follicular I (‘one’) cells, follicular II (‘two’) cells [6], precursor and mature marginal zone cells [7], and B-1 cells in mice [8].
4.3.1. LAB MEDIA: Figure 3. Video Editor emphasize the viable cell group.
4.3.2. LAB MEDIA: Figure 3. Video Editor emphasize the B cells group.
4.3.3. LAB MEDIA: Figure 3. Video Editor emphasize the Transitional 8 cell group.
4.3.4. LAB MEDIA: Figure 3. Video Editor emphasize the T1, T2, and T3 cell groups.
4.3.5. LAB MEDIA: Figure 3. Video Editor emphasize the mature 88 cell group.
4.3.6. LAB MEDIA: Figure 3. Video Editor emphasize the Fol I and Fol II cell groups.
4.3.7. LAB MEDIA: Figure 3. Video Editor emphasize the mature and precursor MZ cell groups.
4.3.8. LAB MEDIA: Figure 3. Video Editor emphasize the B1 cells group.

4.4. The frequencies of Igk+ (pronounce “Immunoglobulin-kappa”) and Igl+ (pronounce “Immunoglobulin-lambda”) B cells in mice were determined with flow cytometric analysis of the spleen [1].
4.4.1. LAB MEDIA: Figure 4. Video Editor emphasize the last chart.



Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements
5.1. Benjamin Daniel: When performing this protocol, resolve spillover of signal from one parameter to another with compensation controls, using either single stained cells or commercially available compensation beads [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.1.

5.2. Andre Limnander: Additional assays can be used in conjunction with flow cytometry, like, immunohistochemistry to visualize cell localization within lymphoid organs, as well as two photon microscopy to analyze B cell responses in real space and time [1].

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

5.3. Andre Limnander: Flow cytometry analysis of the B cell compartments allows for characterization of phenotypes associated with BCR and related deficiencies, perturbations of BCR signaling molecules, or disruption of cytokines that modulate B cell survival.

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.4., 4.2.9., 4.3.2., 4.3.3. and 4.3.8. 
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