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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.1., 2.3., 3.13., 3.14.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.1.To ensure the mice anesthesia deeply), 3.13. (Add the cell suspension slowly and drop by drop), 4.2. (Centrifuge the tetramer tube)
E. Will the filming need to take place in multiple locations? N
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. William J. Liu: During Zika virus infection, T cells can infiltrate immunoprivileged organs for virus elimination but may also contribute to immunopathogenesis, such as Guillain-Barré syndrome or testis injury.
1.2. William J. Liu : The main advantage of this technique is that it facilitates the tetramer-based detection of antigen-specific T cells in immunoprivileged organs both during Zika virus infection and after vaccine immunization.   
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Min Zhao: In this model, Zika virus infection is initiated in interferon alpha-beta receptor knockout mice, allowing the tracking of Zika virus-specific T cells in the brain, testes, and spleen.
1.4. Hangjie Zhang: Using a tetramer staining approach, it is possible to investigate the characteristics of immunoprivileged organ-infiltrating Zika virus-specific T cells to explore T cell contributions to immune protection and immunopathogenesis.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the National Institute for Viral Disease Control and Prevention.
Protocol: (read by voice talent at JoVE)
2. Zika Virus (ZIKV) Infection, Immunization, and Splenic Monocyte Isolation 
2.1. For Zika virus infection, deliver 1x104 focus-forming units of Zika virus in 100 microliters of PBS [1-WIDE] via retro-orbital inoculation into 6-8-week-old interferon alpha-beta receptor knockout mice [2-ECU].
2.1.1. Talent loading syringe
2.1.2. Virus being delivered
2.2. Then monitor the weight and clinical signs of the infected animals daily for 15 days [1-MED-TXT].
2.2.1. Talent monitoring mouse (TEXT: i.e. tremors, staggered march, bilateral flaccid hind limb)  
2.3. For immunization with the Zika virus vaccine, load a 1-mL syringe equipped with a 23-gauge needle with 4 x 1010 of Zika adenovirus vaccine in 100 microliters of PBS [1-MED] and deliver the vaccine via an intramuscular injection into the medial muscle of the hindlimb [2-CU].
2.3.1. Talent loading syringe

2.3.2. Vaccine being injected

2.4. Seven days post inoculation, secure the infected animal in the supine position on a surgical foam [1-MED-TXT] and use a sterile scalpel to make a skin incision along the midline of the abdomen [2-CU].

2.4.1. Talent securing animal (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: Anesthesia overdose + cervical dislocation)

2.5. Use scissors to open the abdominal muscles [1-CU] and gently extract the liver [2-CU].
2.5.1. Muscles being cut

2.5.2. Liver being removed 
2.6. Then remove the spleen [1-MED] and rinse the tissue three times in PBS to remove the blood [2-CU].

2.6.1. Talent adding spleen to container

2.6.2. Spleen being rinsed

2.7. After the last wash, place the spleen in 1.5 mL of ice-cold RPMI medium on ice until all of the spleens have been collected [1-MED].
2.7.1. Talent placing spleen into medium
2.8. To generate a single-cell suspension, place the spleens into a sterile, 40-micrometer mesh cell strainer on top of a 50-mL tube [1-MED-over the shoulder] and add 2 mL of ice-cold RPMI medium supplemented with 10% fetal bovine serum, or FBS, to the strainer [1-CU-TXT].
2.8.1. Talent placing spleen(s) onto strainer, with medium container visible in frame 
2.8.2. Medium being added to strainer (TEXT: See text for all medium/reagent preparation details)
2.9. Then use the plunger of a 5-mL syringe to macerate the tissue through the filter [1-CU], using fresh medium to flush the released cells through the mesh [2-MED].
2.9.1. Tissue being macerated
2.9.2. Talent flushing cells

2.10. Transfer the single-cell suspension to a 15-mL conical tube for centrifugation [1-CU-TXT] and resuspend the pellet in 5 mL of red blood cell lysis buffer [2-CU].

2.10.1.  Cells being added to 15-mL tube (TEXT: 5 min, 600 x g, 4 °C)

2.10.2.  Shot of pellet if visible, then buffer being added to tube, with RBC lysis buffer container label visible in frame

2.11. After 5-6 minutes at room temperature, stop the lysis with 10 mL of ice-cold RPMI + FBS for a second centrifugation [1-MED] and resuspend the pellet in 10 mL of complete medium for counting [2-CU].
2.11.1.  Talent adding medium to tube, with centrifuge visible in frame if possible

2.11.2.  Shot of pellet if visible, then medium being added to cells, with medium container label and hemocytometer visible in frame as possible

3. Brain and Testicular Monocyte Isolation
3.1. Seven days post-inoculation, immobilize a euthanized, infected male mouse in the prone position on a cutting board [1-WIDE] and secure the scalp with straight 1 x 2 teeth forceps [2-CU] [1-WIDE].

3.1.1. Talent immobilizing mouse (Videographer: More Talent than mouse in shot)

3.1.2. Scalp being secured (Author Comment: This shot was not filmed-the blade was already attached.)
3.2. Use Iris scissors to make a midline incision on the scalp, exposing the skull [1-ECU], and use sharp tweezers to clamp the two sides of the orbits with sharp tweezers, fixing the brain [2-CU].

3.2.1. Incision being made

3.2.2. Orbits being clamped

3.3. Placing one tip of sharp Iris scissors into the foramen magnum, cut laterally into the skull on each side [1-CU].
3.3.1. Tip being placed, then incision being made (Videographer: Split action into separate shots as necessary)

3.4. Carefully cut from the same cavity up the midline toward the nose, keeping the scissor tips as superficial as possible to avoid injuring the brain [1-CU].
3.4.1. Bone being cut
3.5. Lift the brain with forceps and [1-ECU] use sharp Iris scissors to carefully dissect the cranial nerve fibers [2-CU].
3.5.1. Brain being lifted

3.5.2. Fibers being dissected

3.6. Then use the forceps to transfer the brain into a 15-mL tube containing 5 mL of ice-cold RPMI + FBS [1-MED].
3.6.1. Talent placing brain into tube, with medium container visible in frame

3.7. To isolate the testes, lift the abdominal skin with forceps [1-CU] and use the Iris scissors to make a longitudinal incision through the integument and abdominal wall [2-CU] to expose the lowermost part of the abdomen [3-ECU].
3.7.1. Skin being lifted

3.7.2. Incision being made

3.7.3. Shot of exposed lower abdomen

3.8. Push the testes up to the incision [1-CU] and use tweezers to gently pull the fat layer to expose a globular testis on both sides [2-CU].
3.8.1. Testes being pushed

3.8.2. Fat being pulled/at least one testis being exposed 

3.9. Use the Iris scissors to carefully dissect the fat layer and epididymis [1-ECU] and transfer the testes to a 15-mL tube containing 5 mL of ice-cold RPMI + FBS [2-MED].
3.9.1. Fat being dissected

3.9.2. Talent placing testes into tube
3.10. To generate a single-cell suspension from either of the harvested tissues, place the organ on a sterile cell strainer with a 100-micron mesh on top of a 50-mL tube [1-MED] and add 2 mL of ice-cold RPMI + FBS to the strainer [2-CU].
3.10.1.  Talent placing tissue into mesh

3.10.2.  Medium being added to strainer

3.11. Using the plunger from a 5-mL syringe, mash the tissue [1-MED] and wash the filter with fresh medium until the organ has been fully ground through the mesh [2-CU].
3.11.1.  Talent mashing tissue

3.11.2.  Medium being added to strainer
3.12. Transfer the single-cell suspension to a 15-mL tube for centrifugation [1-MED] and resuspend the pellet in 5 mL of 30% density gradient medium [2-CU].

3.12.1.  Talent adding cells to tube, with centrifuge visible in frame if possible

3.12.2.  Shot of pellet if visible, then density gradient medium being added to cells, with stock density gradient medium container label visible in frame

3.13. Carefully layer the cell solution over 2 mL of 70% density gradient medium in a new 15-mL tube [1-CU] and separate the cells by density gradient centrifugation [2-MED-TXT].

3.13.1.  Cells being added to tube
3.13.2.  Talent placing tube(s) into centrifuge (TEXT: 30 min, 800 x g, 4 °C, no brake)

3.14. Then transfer the cells from the interface between the two density gradients [1-CU] to a new 15-mL tube containing 10 mL of cold RPMI + FBS for another centrifugation [2-MED-TXT] and resuspend the pellet in 10 mL of ice-cold RPMI + FBS for counting [3-CU].

3.14.1.  Shot of layers, then cells being collected

3.14.2.  Talent adding cells to tube, with medium container visible in frame (TEXT: 5 min, 600 x g, 4 °C)

3.14.3.  Shot of pellet if visible, then medium being added to cells

4. Flow Cytometry

4.1. To analyze the cells by flow cytometry, dilute the cells to a 5x106 cells/100 microliters in FACS buffer concentration [1-WIDE] and incubate the cell samples with 10 microliters of anti-mouse CD16-CD32 blocking antibody per sample [2-MED].

4.1.1. Talent adding solution to tube(s)

4.1.2. Talent adding blocking antibody to tube(s), with blocking antibody container visible in frame

4.2. After 10 minutes at room temperature, add 20 microliters of cells to the appropriate number of wells of a 96-well round bottom plate according to the experimental flow cytometry staining protocol [1-MED-over the shoulder] and add 20 microliters of the E protein tetramet mix to each well for a 30-minute incubation at room temperature in the dark [2-CU].
4.2.1. Talent adding cells to well(s)

4.2.2. Tetramer being added to well(s), with tetramer container label visible in frame

4.3. At the end of the incubation, add the cell surface antibodies of interest to the cells [1-MED] for a 30-minute incubation at 4 °C protected from light [2-CU].
4.3.1. Talent adding antibod(ies) to well(s), with antibody containers visible in frame

4.4. Next, wash the cells two times with 200 microliters of FACS buffer per wash [1-MED] and carefully resuspend the cells in each well with 200 microliters of fresh FACS buffer [2-CU].
4.4.1. Talent placing plate into centrifuge

4.4.2. FACS buffer being added to well(s), with buffer container label visible in frame
4.5. Then store the samples at 4°C protected from light [1-MED] until their analysis on a flow cytometer [2-MED]. 
4.5.1. Talent placing cells at 4 °C

4.5.2. Talent loading tube onto cytometer
5. Results: ZIKV Infection Characterization in Ifnar1-/- Mice 
5.1. Pathological symptoms and signs such as myeloparalysis and motor paraparesis are observed in interferon alpha-beta receptor 1 knockout mice 7 days post-inoculation with the Zika virus [1-LM].
5.1.1. 58110_Figure1A.tif: Video Editor: please add/emphasize arrows as in original Figure 1A
5.2. Weight changes in the infected interferon alpha-beta receptor 1 knockout animals were monitored for 15 days [1-LM], with weight loss first observed 4 days after infection [2-LM] and weight recovery beginning on day 7 post-infection [3-LM].
5.2.1. 58110_Figure 1B.tif: no animation

5.2.2. 58110_Figure 1B.tif: Video Editor: please emphasize ZIKA day 4 data point

5.2.3. 58110_Figure 1B.tif: Video Editor: please emphasize ZIKA day 7 data point
5.3. Representative images of infected murine brains reveal obvious edema and hyperemia 7 days post-inoculation with the Zika virus [1-LM].
5.3.1. 58110_Figure 1C.tif: Video Editor: please emphasize ZIKV brain

5.4. Representative images of murine Zika-infected testes demonstrate a gradual shrinking from days 7 to 30 days post-infection [1-LM]. 
5.4.1. 58110_Figure1D.tif: Video Editor: please sequentially emphasize testes from day 7 to day 30

5.5. Histopathological analysis of Zika-infected brain and testicular tissue sections also illustrates the effects of these destructive pathological changes [1-LM] compared to uninfected controls [2-LM].
5.5.1. 58110_Figure2A.tif: Video Editor: please emphasize ZIKV Brain and Testis images 
5.5.2. 58110_Figure2A.tif: Video Editor: please emphasize PBS Brain and Testis images
5.6. As expected from the macro- and histopathological analyses, high viral loads are also detected in the brain and testis of Zika virus-infected mice by immunostaining [1-LM] that is accompanied by a robust CD3+ T cell infiltration into the brain post Zika-infection [2-LM].
5.6.1. 58110_Figure2B.tif: Video Editor: please emphasize Brain and Testis Merge images

5.6.2. 58110_Figure2C.tif: Video Editor: please emphasize black staining in ZIKV images
5.7. Zika virus-specific CD3+CD8+ T lymphocytes are detected both in Zika virus-infected [1-LM] and vaccine-immunized mice by E protein tetramer staining [2-LM].

5.7.1. Figure4.tif: Video Editor: please emphasize square gate in CD8 vs Tetramer ZIKV dot plot

5.7.2. Figure4.tif: Video Editor: please emphasize square gate in CD8 vs Tetramer Vaccine dot plot

5.8. E protein tetramer-specific CD8+ T cells can also be detected in the brain [1-LM] and testes 7 days post-inoculation with Zika virus [2-LM].
5.8.1. 58110_Figure5A.psd: Video Editor: please emphasize square gate in CD8 vs Tetramer Brain ZIKV dot plot
5.8.2. 58110_Figure5B.psd: Video Editor: please emphasize square gate in CD8 vs Tetramer Testis ZIKV dot plot
6. Conclusion (said by authors on camera):
6.1. Yongli Zhang: After its development, this technique paved the way for researchers in the study of pathogen-specific T cell characterization in immunoprivileged organs during a natural infection in animal models.
6.2. Yongli Zhang: This method can also be applied to other immunoprivileged organs, such as the placenta or eye, as well as to both virus infections and cancer.
6.3. Wenqiang Ma: Following this procedure, MHC I tetramers can be used for the immunohistochemical or immunofluorescent detection of pathogen-specific T cells to assess the distribution of brain- or testis-infiltrating T cells.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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 the filenames of all the media to be included into the video here.
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 in the email accompanying the finalized script.
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