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NEEDS SCOPE KIT
60 SHOTS (plus 43 SCREENS) 

1. Preparation of materials and mouse dissection

1.1. To begin, put on laboratory gloves and the appropriate protective clothing [1-WIDE]. Next, wash a pair of dissecting scissors and forceps first with detergent and then with 70% ethanol [2-CU] and then dry them with a clean paper towel [3-MED over shoulder]. 

1.1.1. Talent putting on gloves and lab coat  Video editor: Use take two (per author request). Do not use the part of the shot where the Talent’s abdomen is visible.
Added shot: 1.1.1B Talent washes the dissecting scissors and forceps with detergent.
1.1.2. Talent spraying wipes scissors and forceps with 70% ethanol 
1.1.3. Talent drying scissors and forceps with a paper towel

1.2. Then, add 49 mL of Hank’s Balanced Salt Solution, or HBSS, to a 50mL tube [1-MED]. Add 1 mL of fetal calf serum, or FCS, to create a HBSS 2% FCS solution, and mix by gently pipetting up and down approximately ten times [2-CU].

1.2.1. Talent adds HBSS to tube
1.2.2. Talent adds FCS to HBSS and pipettes up and down

1.3. Next, place a euthanized mouse in thea supine position on a dissection plate [1-MED]. With the scissors and forceps, perform a longitudinal laparotomy to access the abdominal cavity [2-CU]. 

1.3.1. Talent pins mouse to the dissection plate
1.3.2. Talent makes an incision with scissors

1.4. Use the forceps to move the intestines on the right side of the abdomen to one side, to expose the stomach and spleen [1-ECU]. The spleen is attached to the stomach [2-ECU]. 

1.4.1. Talent uses forceps to move intestines to the right.
1.4.2. Shot of spleen attached to stomach Video editor: This shot was combined with 1.4.1 and slated as 1.4.1.

1.5. Then, with a pipette, place 5 millitersmilliliters of the HBSS 2% FCS into a Petri dish [1-MED]. Using forceps, carefully detach the spleen from the stomach [2-ECU] and place the spleen into the Petri dish [3-MED]. 

1.5.1. Talent pipets 5 mL of HBSS 2% FCS into Petri dish
1.5.2. Talent uses forceps to detach spleen
1.5.3. Talent places spleen on Petri dish

2. Immune cell isolation 

2.1. To isolate the immune cells, first place the spleen on a 40 µm cell strainer in a Petri dish [1-MED]. Crush the spleen with a plunger to dissociate it into the dish [2-CU].

2.1.1. Talent places the spleen on the cell strainer
2.1.2. Talent dissociates the spleen

2.2. Then, pipet the dissociated spleen and fluid from the Petri dish into a 15 mL centrifuge tube [1-MED].

2.2.1. Talent pipets the dissociated spleen and fluid into the 15 mL tube
2.2.2. Added shot:  Rinsing the Petri dish with HBSS

2.3. Centrifuge the tube at 370 x g for 7 minutes at 10 degrees Celsius [1-MED-TXT], and then retrieve the tube carefully so as not to disturb the pellet [2-MED over shoulder]. 

2.3.1. Talent enters the settings into the centrifuge TEXT: 370 x g, 7 min, 10 C
2.3.2. Talent retrieves the tube from the centrifuge

2.4. Now remove the supernatant, avoiding the pellet [1-ECU], and discard the liquid in an appropriate waste container [2-MED].

2.4.1. Talent removes the supernatant with a pipet Video editor: Towards the beginning of this shot, the talent’s grip on the tube is obviously shaky. If possible, try not to show too much of the shaky tube with liquid media. 
2.4.2. Talent discards the supernatant 

2.5. Then, add 2 mL of potassium acetate into the centrifuge tube to resuspend and lyse the erythrocytes [1-CU]. Wait 2 minutes [2-MED], and then add HBSS 2% FCS to obtain a total volume of 1514 mL [3-MED].

2.5.1. Talent resuspends the pellet
2.5.2. Talent starts timer set to 2 minutes Video editor: This is more of a CU shot. Talent messes up the first time they push the timer button. Show only the second attempt to set a timer. 
2.5.3. Talent brings total volume to 14 15 mL with HBSS 2% FCS 

2.6. Repeat the centrifugation [1-MED-TXT]. Retrieve the tube carefully [2-MED over shoulder] and discard the supernatant [3-MED over shoulder]. Resuspend the pellet again in 5 mL of HBSS 2% FCS [4-MED].

2.6.1. Talent entering the settings into the centrifuge TEXT: 370 x g, 7 min, 10 C
2.6.2. Talent retrieves the tube from the centrifuge Video editor: Use the second part of this shot (after the videographer covers the lens with his hand).
2.6.3. Talent removes the supernatant with a pipet
2.6.4. Talent resuspends the pellet

2.7. Next, count the cells in the suspension by diluting 5 microliters with 5 microliters of trypan blue [1-CU]. Then, gently deposit a 5 microliter drop of this diluted cell suspension between the cover glass and the Malassez (“mal-uh-say”) slide [2-ECU].
2.7.1. Talent performs dilution Videographer note: take 1 MED , take 2 CU
2.7.2. Talent places drop on slide Video editor: Per videographer, use take 4

2.8. Now, under a microscope at 40x magnification, count the number of cells present [1-SCOPE]. Then, adjust the cell concentration to 107 cells per milliliter by adding the appropriate volume of HBSS 2% FCS [2-MED].
2.8.1. Scope shot of cells on Malassez slide Videographer note : tk 1  X40 , tk 2 X16
2.8.2. Talent adjusting cell concentration

3. Cell Staining

3.1. To stain the immune cells, start by labeling six FACS tubes from 1 to 6 [1-MED]. Then, transfer 200 µL of the cell solution into each of the six tubes [2-MED]. Centrifuge these tubes at 370 x g for 7 minutes at 10 degrees Celsius [3-MED-TXT], and remove the supernatant [4-MED/CU].

3.1.1. Talent labels six FACS tubes 1-6 Videographer note : CU at the end
3.1.2. Talent pipets 200 µL of cell solution in to each tube
3.1.3. Talent loads the centrifuge and enters the settings TEXT: 370 x g, 7 min, 10 C
3.1.4. Talent removes the supernatant from several tubes.

3.2. Then, label 6 new 1.5 mL tubes 1-6 [1-MED], and pipette 200 microliters of HBSS 2% FCS into each [2-CU]. Prepare the six novel antibody mixes by adding the appropriate amount of antibody to each tube according to Table 1 [3-MED-INSET]. 
3.2.1. Talent labels tubes
3.2.2. Talent pipettes HBSS into six tubes
3.2.3. Talent adds antibody to one several tubes of HBSS. INSET – shot of Table 1.

3.3. Next, transfer these antibody mixes to the corresponding numbered FACS tubes [13-CU]. Incubate these solutions for 20 minutes at four degrees Celsius in the dark [24-MED-INSET]. 

3.3.1. Talent transfers antibody mixes to FACS tubes Videographer note: CU at the end
3.3.2. Talent places the six tubes in a refrigeratorcooler. INSET – CU shot of 
thermometer reading 4 C.

3.4. Next, add 1 mL of HBSS 2% FCS to each tube [1-MED] and then centrifuge again [2-MED over the shoulder-TXT]. 

3.4.1. Talent pipets 1 mL of HBSS into each tube
3.4.2. Shot shows the appropriate settings on the centrifuge, talent presses startTalent loads the tubes into the centrifuge. TEXT: 370 x g, 7 min, 10 C

3.5. Discard the supernatant [1-MED] and then resuspend the pellets in 200 µL of HBSS 2% FCS [2-CU]. Finally, transfer the resuspended pellets to new, labeled FACS tubes [3-MED].

3.5.1. Talent uses a pipet to discard thepours off the supernatant
3.5.2. Talent resuspends the pellets Videographer note: MED at the end
3.5.3. Talent transfers resuspended pellets to new, labeled FACS tubes – 
show labels on tubes

4. FACS calibration 

4.1. To perform FACS, first turn on the sorter [1-WIDE], then select the ‘Cytometer’ menu and click ‘Fluidic Startup’. Follow the instructions on the screen [2-SCREEN].

4.1.1. Talent turns on the sorter Video editor: Per videographer use take 2 
4.1.2. Talent performs steps of selecting “Cytometer” and ‘Fluidic Startup’ and then follows instructions on the screen
4.1.3. Added shot: Talent moves tube beneath the sorter Video editor: 4.1.3 and 4.1.4 are not needed but they were filmed nonetheless. 
4.1.4. Added shot: Talent swaps the nozzle

4.2. On the ‘Stream’ tab, click on the red cross to turn on the stream, and then wait 15 minutes for the stream to stabilize [1-SCREEN].
4.2.1. Talent turns on the stream
4.2.2. Talent starts a timer set to 15 minutes

4.3.  Adjust the amplitude of the stream until you see a clear, detached drop appear on the Stream tab [1-SCREEN-INSET-SCREEN]. Then click “Sweet Spot” to complete the amplitude adjustment [2-SCREEN].

4.3.1. Talent adjusts the amplitude button. INSET –SCREEN drop will appear on screen. 
4.3.2. Talent clicks on ‘Sweet Spot’

4.4. Insert the neutral density – or N.D. – filter 1.0 in front of the laser [1-CU]. Open the Cytometer menu at the top of the screen and select “CST”, which stands for cytometer setup and tracking. [2-SCREEN]. 

4.4.1. Talent places the filter in front of the laser Video editor: Use the second part of this shot (after the videographer covers the lens with his hand).
4.4.2. Talent selects CST from the Cytometer menu Author note: There is new window at the end.

4.5. To perform daily quality control, first dilute CST beads with FACS medium in a FACS tube following the manufacturer’s instructions [1-MED over the shoulder]. Then, load the tube into the machine [2-CU] and perform the CST control by clicking Run on the CST tab [3-SCREEN]. When the CST control is complete, replace the N.D 1.0 filter with the N.D 2.0 filter on the cytometer [4-CU]. 

4.5.1. Talent dilutes CST beads into FACS medium
4.5.2. Talent loads tube into the machine
4.5.3. Talent clicks Run on CST tab
4.5.4. Talent switches out the filters

4.6. Next, dilute drop delay beads in FACS medium following the manufacturer’s instructions [1-MED over the shoulder] and then load the tube into the FACS [2-MED].

4.6.1. Talent pipets a small amount of beads into a solution Video editor: Use take 2.
4.6.2. Talent loads tube into FACS

4.7. To ensure proper sorting, perform Drop Delay by first clicking ‘Voltage’ and then ‘Optical Filter’ [1-SCREEN]. The right quadrant of the optical filter should be equal to 100%, indicating that 100% of the drops are registered by the machine [2-SCREEN]. If necessary, adjust the red laser screw on the cytometer left or right to obtain 100% in the right quadrant [3-SCREENCU].

4.7.1. Talent clicks Voltage and then Optical Filter
4.7.2. Shot shows more or less than 100 in the right quadrant. 
4.7.3. Talent adjusts the screw as necessary to obtain 100 in the right quadrant. Video editor: This was filmed as a CU. NOT a SCREEN.

4.8. It is important to ensure that the stream falls into the collection tube [1-CU]. To do so, perform a test sort by clicking on ‘Waste Drawer’ [2-SCREEN] and then ‘Test Sort’ [3-SCREEN]. 

4.8.1. Stream falling into collection tube 
4.8.2. Talent clicks on ‘Waste Drawer’
4.8.3. Talent clicks on ‘Test Sort’ Video editor: This was shot with 4.8.2 and slated as 4.8.2. 


4.9. Check that the side streams fall into the collection tubes [1-CU]. If they do not, adjust the voltage under the Sorting tab until they do [2-SCREEN].
4.9.1. Talent checks that streams fall into collection tubes Video editor: Reuse 4.8.1. This was not filmed.
4.9.2. Talent adjusts voltage

4.10. Navigate to the experimental template by selecting the Browser tab and clicking Shared View [1-SCREEN]. Then, open the ‘Accudrop Drop Delay’ experiment and click the ‘Sorting Layout’ button [2-SCREEN].

4.10.1. Talent performs steps
4.10.2. Talent performs steps Video editor: This was filmed with 4.10.1 and it is slated as 4.10.2.

4.11. Now, change the flow rate on the Acquisition dashboard from 1000 to 3000 events per second [1-MED].

4.11.1. Talent changes the flow rate

4.12. Click ‘Voltage’ and then click ‘Optical Filter’ [1-SCREEN]. The left quadrant should be equal to 0 and right quadrant equal to 100 [2-SCREEN].

4.12.1. Talent clicks on ‘Voltage’ and then ‘Optical Filter’
4.12.2. Shot of screen shows 0 on left and 100 on right Video editor: Shot with 4.12.1

4.13. Finally, in the Sort Layout window, click ‘Sort’ and then click ‘Cancel’ [1-SCREEN]. The left quadrant should be equal to 100 and the right quadrant to 0. If the left quadrant is less than 95, click ‘Auto Delay’ to instruct the software to automatically increase the voltage to obtain 100% of the drops in the left quadrant [2-SCREEN].
	Comment by Caitlin McAllister: Video editor: These shots are not on Goliath. The authors have been emailed and this script will be updated when we obtain the shots/if the authors tell us no to include them. 
4.13.1. Talent clicks on ‘Sort’ and then on ‘Cancel’
4.13.2. Talent checks that the left quadrant is equal to 100 and the right quadrant is equal to 0.

5. Flow cytometry and purity control

5.1. To begin flow cytometry, we will first use unstained cells to define the cell morphology and the negative peaks of the fluorochromes [1-WIDE]. To do so, place tube 1, containing unstained cells, in the machine and under the “Acquisition dashboard” tab, click load [2-MED-INSET]. In the ‘Cytometer’ tab, adjust the forward and side scatter voltages until you see your cell population as a dense concentration of dots on the screen. Lymphocytes are small cells, so they will have a low forward scatter and low side scatter.  [3-SCREEN].  

5.1.1. Talent carries tubes to the machine
5.1.2. Talent places tube 1 in the machine. INSET-screenshot of talent clicking load.
5.1.3. Talent adjusts forward and side scatter 


5.2. Next, remove background fluorescence by adjusting the voltage for the fluorochromes in the ‘Cytometer’ tab [1-SCREEN] until the cell populations at a negative level are in the first decade in the ‘global worksheet’ tab [2-SCREEN]. 

5.2.1. Talent adjusts voltage
5.2.2. Shot of screen showing populations in negative Video editor: Shot with 5.2.1.  

5.3. In the Cytometer menu, click on “View Configuration” [1-SCREEN] and verify that all of the fluorochromes are present [2-SCREEN-TEXT]. Next, place tube 2 in the cytometer and click load [3-MED-INSET]. 
5.3.1. Talent clicks view configuration
5.3.2. Talent moves cursor to indicate checking fluorochrome presence; TEXT: Fluorochromes: FITC, Bv421, APC, APCCy7
5.3.3. Talent loads tube 2 into the machine. INSET-screenshot of talent clicking ‘load’.

5.4. Adjust the spectral overlap in the ‘Cytometer’ tab [1-SCREEN] until the negative and positive population medians are aligned in the ‘global worksheet’ tab [2-SCREEN]. On the Acquisition tab, set the Events to Record parameter to 10 000 and click Record [3-SCREEN]. Repeat these steps with tubes 3, 4, and 5 [4-MED]. 

5.4.1. Talent makes adjustment
5.4.2. Talent checks alignment Video editor: Shot with 5.4.1.
5.4.3. Talent performs steps
5.4.4. Talent loads performs steps

5.5. Next, load tube 6, which contains the multi-stained cells [1-MED]. To isolate B lymphocytes, first set up the parameters to sort the cells based on their morphology. In the first window, plot “FSC-A” - forward scatter-area - on the y-axis and “SSC-A” - side scatter-area - on the x-axis [2-SCREEN]. 
5.5.1. Talent loads tube 6
5.5.2. Talent performs steps

5.6. In the scatter plot, each dot represents a cell. Click on “polygon gate” on the “Global Worksheet”, and then select the population with a low forward scatter and an intermediate side scatter [1-SCREEN]. Circle the population with a low forward scatter and an intermediate side scatter and double click to close [2-SCREEN]. On a new dot plot window, right click on the window, and select “view population”, and. cClick “P1” , then double click on the circled population to display the selected cells in a new window [3-SCREEN].
 
5.6.1. Talent performs steps
5.6.2. Talent performs steps Video editor: Shot with 5.6.1
5.6.3. Talent performs steps Video editor: This shot did not include all of the information originally included in the VO. VO has been adjusted accordingly. 
 
5.7. Then, in the new window, gate the viable, CD45-positive cells by plotting “Viability” on the y-axis and “CD-45” on the x-axis. Use “polygon gate” to circle the cells with a low viability and high CD45 signal, and select “P2” to display the selected cells in a new window. (5.7.1) In the next window, gate for CD45-positive leukocytes, excluding T lymphocytes. With “CD45” on the x-axis and “CD3” on the y-axis, circle the population with a high CD45 signal and low/negative CD3 signal, and select “P3” (5.7.2)[1-SCREEN].

5.7.1. SCREEN: Talent performs steps.
5.7.2. SCREEN: Talent performs steps.
5.7.3. SCREEN: Added shot: Show P3 in a new window


5.8. Finally, gate for CD19-positive cells, which identify the B lymphocytes. With “CD19” on the y-axis, and “CD3” on the x-axis, circle the population with a high CD19 signal and a low/negative CD3 signal, and select “P4”  [1-SCREEN].

5.8.1. Talent performs steps 

5.9. All the sorting parameters are now set. Next, in the Sorting Layout window, select your cell population of interest, P4, which is the fourth population that was gated and tells the machine to only sort B lymphocytes. Set Target Events to 10 000 cells and set precision to purity. We are only sorting 1 population, however, up to four different populations can be sorted at the same time [1-SCREEN].  

5.9.1. Talent performs steps

5.10. Once ready click “Sort” and “OK”, then wait for cell sorting [1-SCREEN].

5.10.1. Talent clicks Sort and OK

5.11. Once cell sorting is complete, perform a purity control by pipetting 10 microliters of the sorted cells into a new FACS tube with 90 microliters of HBSS 2% FCS [1-MED]. Place the tube in the cytometer [2-CU], click “Load” and then click ‘Record’ to analyze the phenotypes of the cells to verify that the gating strategy worked as intended [34-SCREEN]. 

5.11.1. Talent pipets tube medium into HBSS 2% FCS
5.11.2. Talent places tube in cytometer
5.11.3. Talent clicks load and record

6. Data Analysis and Results

6.1. Now we will analyze the sorted cells to determine the percentage of B lymphocytes among the leukocytes that were isolated from the mouse spleen [1-Re-use]. To start, double click on the FlowJo icon and drag the files for each tube into the All Sample window. Click on “polygon” and recreate the gating strategies that were used in the previous section [1-SCREEN]. 

6.1.1. Re-use shots f2.1.2 and 2.2.1
6.1.2. Talent performs actions as written

6.2. Next, click “Layout editor” and drag the B lymphocyte populations of interest from tube 6 and the purity control into the layout editor tab. Dot plots representing B lymphocytes will appear [1-SCREEN]. Cells should only appear in the population of interest in purity control [2-LM].

6.2.1. Talent completes step
6.2.2. Show Figure 2


6.3. To check the purity of B lymphocytes in the sorted cells, click on “Table editor” [1-SCREEN]. Drag the B lymphocyte population from tube 6 and purity control in the table [2-SCREEN]. On the “Statistic” menu, select frequency of CD45+ cells to test the purity of this cell population [3-SCREEN], then click on “Create table” [4-SCREEN]. Parameter values appear in a new table [5-SCREEN]. In the purity control window, check the frequency of B lymphocytes within the CD45+ cells, which should be higher than 98% [6-SCREEN].

6.3.1. Talent completes step
6.3.2. Talent completes step Video editor: Shot with 6.3.1
6.3.3. Talent completes step
6.3.4. Talent completes step Video editor: Shot with 6.3.3
6.3.5. Talent completes step Video editor: Shot with 6.3.3 
6.3.6. [bookmark: _GoBack]Talent completes step Video editor: Shot with 6.3.3 

7. Summary

7.1. In this protocol, we purified splenic B lymphocytes using FACS technology. We first isolated leukocytes from the spleen and stained them. Using a combination of B cell surface markers, we created a gating strategy to sort them. At the end of the experiment we verified if cells in the collection tube were B cells via a purity test. We kept the same gating strategy and observed that more than 98% of the cells were indeed B cells. Thus, FACS is an effective protocol to isolate specific immune cell populations with a high degree of purity. Collected cells can then be used for downstream experiments, such as cell culture, RT-qPCR, and cytotoxicity assays.

7.1.1. Shots from the protocol
1
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