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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? NO 

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.) 2.1, 6.1, 6.2, 6.3, 7.4, 7.5
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 6.3, 7.4, 7.5
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? YES If yes, how far apart are the locations? different labs in the same building, 2nd and 3rd floor
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. Janine Kimpel: This method can help answer key questions in the field of T cell immunology and development of viral vector vaccines [1-MED].
1.1.1. Named author states the above, looking slightly off to the side.  
1.2. Janine Kimpel: The main advantage of this technique is that only small amounts of blood are needed which allows repeated measurements from the same mouse. Additionally, virus- and transgene-specific CTLs can be detected in the same sample [1-MED].
1.2.1. Named author states the above, looking slightly off to the side.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Janine Kimpel: Demonstrating the procedure will be Jasmine Rinnofner, a technician, and Annika Rössler, a grad student. Measuring and analyzing the samples will be Zoltan Banki, a post doc.
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
All methods described were performed in compliance with the Austrian National Animal Experimentation Law (“Tierversuchsgesetz”), and animal trial permission was granted by Austrian National Authorities.

Protocol: (read by voice talent at JoVE)
2. Sample Collection
2.1. To begin, safely restrain a mouse according to the text protocol [1-CU]. Collect 20 microliters of blood in an E-D-T-A-coated tube from the tail vein of a mouse [2-CU]. 
2.1.1. Mouse is removed from the cage and placed in a restrainer.

2.1.2. Talent punctures the tail vein of a mouse with a syringe and collects a blood sample. 

2.2. When working with splenocytes, isolate the spleen and use the plunger of a syringe to press the tissue through a cell strainer [1-ECU]. After performing lysis on the erythrocytes [2-CU-TXT], count the cells and adjust the concentration of the sample [3-CU-TXT].
2.2.1. Talent pushes the tissue through the cell strainer and transfers the cell suspension into a 15 ml reaction tube. 
2.2.2. Show detail of two sample pellets. Video editor: One pellet (the red pellet) is what the sample looks like after centrifugation. The other pellet (white) is what the sample looks like after washing. Label the red pellet with “Before Lysis”. Label the white pellet with “After Lysis”.
2.2.3. Cells are resuspended in PBS. TEXT: 1×107 cells/mL
3. Staining Set-Up
3.1. Prepare and label one FACS (Pronunciation: “facks” rhymes with quacks) tube for each sample [1-MED] … and transfer 100 microliters of organ suspension or 20 microliters of blood to the tube [2-CU].

3.1.1. Talent labels ones of the FACS tubes. The other tube should be labeled and in the shot. 

3.1.2. Talent transfers the blood to the appropriate tube. The other tube should have organ suspension already in it. 
3.2. When working with splenocytes, centrifuge the organ suspension for 5 minutes and discard the supernatant [1-CU-TXT]. Then, vortex the tube to resuspend the cell pellet [2-MED].

3.2.1. Talent removes the tube from the centrifuge and discards the supernatant into a waste bottle. 

3.2.2. Talent vortexes the tube to resuspend the pellet. 
3.3. For each channel to be used also prepare a FACS tube for a compensation sample [1-CU-TXT]. Prepare one additional sample as an unstained control [2-CU].
3.3.1. Talent labels a FACS tube to identify it as the compensation sample for FITC channel. TEXT: 20 µl blood / compensation control
3.3.2. Talent adds cell suspension to another FACS tube, which is labeled as unstained control. 

4. Tetramer Staining and Preparation of Antibodies 
4.1. Prepare a tube with FACS buffer with tetramers at their optimal dilutions [1-CU-TXT]… and vortex to mix [2-MED].
4.1.1. Talent adds tetramers to a tube of FACS buffer. TEXT: See Table 1 for optimal dilutions

4.2. Next, add 50 microliters of the tetramer dilution to each sample and vortex to mix [1-MED]. Add FACS buffer without tetramers to the compensation controls and the unstained sample [2-CU].
4.2.1. Talent adds the tetramer dilution to one of the samples and vortexes the tube. 
4.2.2. Talent adds buffer to the control samples. 

4.3. Next, incubate the samples in dark conditions at 37 degrees Celsius for 20 minutes [1-MED]. 

4.3.1. Talent places the samples into the incubator and closes the incubator door. 

4.3.2. While the samples incubate, adds FACS buffer to a tube [1-CU-TXT]. Then, add the antibodies to the buffer according to the dilutions specified in Table 2 of the text protocol [2-CU]… and vortex the solution [3-CU].
4.3.3. Talent adds buffer to a tube. TEXT: volume = 50 μl x number of sample + 10% total volume

4.3.4. Talent adds antibodies to the tube containing FACS buffer. 

4.3.5. Talent vortexes the FACS buffer antibody solution. 

4.4. Janine Kimpel: Depending on the scientific question, other marker combinations apart from the one described here might be used. Make sure to always include antibodies against CD3 and CD8 in the panel [1-MED].
4.4.1. Named author states the above, looking slightly off to the side. 

4.5. For each channel, prepare a tube with 200 microliters of FACS buffer [1-CU]… and add 1 microliters of an antibody dilution against C-D-8 in the respective color and vortex to mix [2-CU]. Then, store the antibody dilutions as specified in the text protocol [3-MED-TXT].
4.5.1. Talent adds FACS buffer to a tube. There are 7 tubes in total in the rack, each labeled with one color.
4.5.2. Talent adds 1 µl of an anti-CD8-FITC antibody to the FITC labeled tube and vortexes the tube. 

4.5.3. Antibody dilutions are stored in the fridge while samples are washed. TEXT: Proceed to staining immediately
5. Staining of Samples
5.1. To wash the samples, add 1 milliliter of FACS buffer to the samples and centrifuge [1-CU-TXT]. Then, discard the supernatant and drain any remaining liquid with paper towels [2-CU].
5.1.1. Talent places a sample into the centrifuge and shuts the lid. Videographer: Obtain multiple samples, this is repeated.
5.1.2. Talent discards supernatant into a waste bottle. 

5.2. Janine Kimpel: When working with blood, be cautious when draining off remaining liquid. Prior to lysis of erythrocytes, the blood will not stick to the bottom of the FACS tube. Alternatively, you can aspirate the supernatant [1-MED].
5.2.1.  Named author states the above, looking slightly off to the side. 

5.3. Next, add 50 microliters of the antibody solution to each cell pellet [1-CU]… and vortex gently [2-CU].

5.3.1. Talent adds antibody solution to one of the samples. 

5.3.2. Talent vortexes the sample. Videographer: Obtain multiple samples, this is repeated. If the sample is labeled, try to obscure the label so this shot can be reused. 
5.4. Add 50 microliters of each compensation mix to the corresponding compensation control and 50 microliters of FACS buffer to the cell pellet of the unstained control [1-CU]… and vortex gently [2-CU-TXT].

5.4.1. Talent adds buffer to the unstained control. 

5.4.2. Use 5.2.2. TEXT: Incubate 30 min, 4 °C, protected from light

5.5. When working with splenocytes, wash the samples after antibody staining directly with 1 to 2 milliliters of FACS buffer [1-CU]… and centrifuge for 5 minutes [2-CU-TXT]. Then, discard the supernatant and drain off the remaining liquid on paper towels [2-CU].

5.5.1. Talent adds FACS buffer to the tubes and vortexes them.
5.5.2. Talent removes sample from centrifuge. TEXT: 600 × g at 4-8°C

5.5.3. Talent discards the supernatant from the organs into a waste bottle and drains off the remaining liquid on paper towels. 

6. Lysis of Erythrocytes 

6.1. Add 500 microliters of A-C-K buffer to each blood sample and vortex gently [1-CU]. Then, incubate the samples in the dark for 5 minutes at room temperature [2-MED].
6.1.1. Talent adds buffer to one of the blood samples and vortexes it briefly. 

6.1.2. Talent sets the blood sample aside and covers it to protect it from the light. 

6.2. Add 1 milliliter of FACS buffer to the samples and centrifuge [1-MED-TXT]. Then, discard the supernatant and drain any remaining fluid with paper towels [2-CU].
6.2.1. Talent adds FACS buffer to the blood sample. TEXT: 5 min, 600 x g, 4 – 8 °C

6.2.2. Talent discards supernatant and uses paper towels to remove fluid from the sample. Videographer: Obtain multiple samples, this is repeated.
6.3. Janine Kimpel: Proper lysis of erythrocytes is a crucial step to facilitate FACS measurement of the samples. Therefore, when the pellet is rather red, repeat lysis of erythrocytes [1-MED] [2-ECU]. 
6.3.1. Named author states the above, looking slightly off to the side. 

6.3.2. Pellet of samples with improper lysis of erythrocytes is shown (red pellet) and a pellet of sample with proper lysis of erythrocytes is shown (white pellet).
6.4. Wash the samples again as previously described [1-MED]. Then, discard the supernatant and drain any remaining fluid on a paper towel [2-CU].

6.4.1. Use 5.1.1.

6.4.2. Supernatant is discarded and remaining liquid drained off on paper towel.
7. Flow Cytometric Measurement and Analysis
7.1. Prior to fixation, make sure that cells are well re-suspended in order to prevent formation of clumps [1-CU]. Add 150 to 300 microliters of FACS fixing buffer to each tube and vortex to mix [2-CU]. Then, proceed with flow cytometric measurement as quickly as possible [3-MED].
7.1.1. Talent vortexes tubes with pelleted cells from the last washing step after discarding the liquid. 

7.1.2. Talent adds 300 µl of FACS fixing buffer to one of the samples and vortexes the tube. 
7.1.3. Talent measures samples on FACS machine.

7.2. First, measure the compensation controls and correct for any spectral overlaps Afterwards, set up sequential gates to select for C-D-3+ (Pronunciation: C-D-3-positive) and C-D-8+ (Pronunciation: C-D-8-positive) cells [1-SCREEN].
7.2.1. Screen capture footage to be provided by authors. We will provide a document that lists our guidelines for obtaining this footage. After obtaining this footage, please upload it to your project page. Talent corrects for spectral overlaps 
7.3. Gate on the lymphocytes using forward and sideward scatter area. Then, within the lymphocyte population, gate on single cells using forward scatter width versus area [1-SCREEN].
7.3.1. Screen capture footage to be provided by authors. We will provide a document that lists our guidelines for obtaining this footage. After obtaining this footage, please upload it to your project page. Talent gates subsequently the lymphocytes single cells and CD3+CD8+ T cells as described in the VO. (7.4_Screen1_Gating)
7.4. Use C-D-3 and C-D-8 channels to plot single cell lymphocytes. Identify C-D-8+ T cells by gating on C-D-3+ and C-D-8+ cells [1-SCREEN]. Make sure that CD8low cells are included in the gating [2-LM].
7.4.1. Screen capture to show that CD8low cells are included in the gating. (7.4_Screen2_CD8low)
7.4.2. Video editor: Show figure 1
7.5. Janine Kimpel: Proper gating on CD3+CD8+ cells is a critical step in this protocol. As activation of cells often leads to downregulation of CD3 and/or CD8, CD3CD8low cells should also be included [1-MED]. 
7.5.1. Named author states the above, looking slightly off to the side. 
7.6. After this, plot the C-D-8+ cells versus the Tetramer+ (Pronunciation: Tetramer-positive) cells, gating on the C-D-8+ Tetramer+ cells. If possible, record 20,000 cells in the C-D-3+ and C-D-8+ gate for each sample. Finally, save the measurements as an F-C-S file [1-SCREEN].

7.6.1. Screen capture footage to be provided by authors. We will provide a document that lists our guidelines for obtaining this footage. After obtaining this footage, please upload it to your project page. Talent plots the CD8+ cells versus the Tetramer+ cells.  (7.5_Screen_Tetramer)
8. Results:  Quantification of Antigen-specific CD8+ T Cells in Mouse Blood or Lymphoid Organs
8.1. In this protocol, antigen specific C-D-8+ T cells were qualitatively detected in blood and tissue samples [1-ECU].
8.1.1. Use 2.2.1.

8.2. After gating the C-D-3+ and C-D-8+ cells, tetramer positive cells were identified [1-LM]. Two different tetramers were combined in the same tube for staining, allowing for simultaneous quantification of two different C-T-L specificities [2-LM-TXT].
8.2.1. Figure 2

8.2.2. Figure 2: Video editor: Emphasize the blots in the bottom row in this figure. TEXT: Virus- and transgene-specific cells shown 
8.3. Using this protocol, T cell responses from the same mouse can be followed over time as only small amounts of blood are needed for each measurement [1-LM]. Additionally, phenotypes of antigen-specific C-T-L’s can be analyzed [2-LM].

8.3.1. Figure 3: Video editor: Only show the top row from this figure. Edit the figure in a way that communicates that it is a time series. 

8.3.2. Figure 4: Video editor: Show only the top row from this figure. 
9. Conclusion (said by authors on camera)

9.1. Janine Kimpel: While attempting this procedure, it’s important to  avoid prolonged incubation times as this can lead to internalization of T cell receptors [1-MED].
9.1.1. Named author states the above, looking slightly off to the side. Video editor: Show footage from 4.3.1 or 5.3.2.

9.2. Janine Kimpel: Since the discovery of tetramer technology, tetramer staining has become an essential tool in T-cell analysis and the range of applications which include tetramers are growing – a ‘bright future for bright tetramers’ [1-MED].
9.2.1. Named author states the above, looking slightly off to the side.
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.
7.3_Screen_Compensation

7.4_Screen1_Gating

7.4_Screen2_CD8low

7.5_Screen_Tetramer
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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