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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) N

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: Coating the plate; Cell plating and stimulation; Spot development and detection; Spot counting. 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Cell plating and stimulation
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of the following procedure is to detect IFN- production at the single cell level to assess the cell-mediated immune response directed against varicella-zoster virus, or VZV. (Intro) This is accomplished by first coating the wells of a 96 well ELISpot plate with IFN- capture monoclonal antibody. (P1) In the second step, the cells are plated and stimulated with VZV antigen. (P2) Next, the cells are removed (P3) and the captured IFN-( is labeled with a detection antibody. (P4) Ultimately, IFN- production and the magnitude and the quality of the cell-mediated immune responses directed against VZV can be quantified. (P5)
(P1) 2.2.2. IFN( Ab being added to plate
(P2) 3.5.1. cells being added to plate AND 3.4.2. VZV being added to plate
(P3) 4.1.1. cells being discared
(P4) 4.2.1. secondary Ab being added
(P5) Figure 3.eps
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Insaf Salem Fourati: The main advantage of this technique over existing methods, like pMHC tetramers or intracellular cytokine staining, is that the IFN- ELISpot is a robust, reproducible and informative assay that can be performed on venous blood samples using relatively low tech equipment like centrifuges, incubators and dissection microscopes.   

Protocol (read by voice talent at JoVE):
2. Coating and blocking the plates
2.1. To prepare the plates for the procedure, begin by adding 20 (l of 35% ethanol to each well of the 96-well MultiScreen IP white ELISpot plates to permeablize the PVDF membranes at the bottom of the wells. After 1 minute, the membranes should become slightly translucent. 
2.1.1. WIDE: Few seconds Talent adding ethanol to at least a few wells of one plate

2.1.2. CU: Shot of ethanol being added to a few wells of one plate (Videographer: If possible, get 35% Ethanol container with label visible in frame)  (TEXT: PVDF: polyvinylidene difluoride) 

2.1.3. CU/ECU: Shot of PVDF membrane looking translucent
2.2. Immediately manually wash the wells 3 times with 200 (l of PBS and then coat each well with 100 (l of purified mouse anti-human IFN-( capture antibody. 
2.2.1. MED – over the shoulder: Few seconds Talent adding PBS to at least a few wells

2.2.2. CU: IFN( being added to at least a few wells (Videographer: If possible, get IFN( container with label visible in frame) (TEXT: See text for all reagent/media preparation details)
2.3. Cover the plates with regular plastic wrap and incubate them overnight at 4 °C.
2.3.1. MED: Few seconds Talent covering at least one plate with plastic wrap

2.3.2. MED: Talent placing plate(s) at 4°C

2.4. The next morning, empty the wells and tap them dry. Then wash the plates 5 times with 200 (l of PBS. 
2.4.1. MED: Talent emptying wells of at least one plate

2.4.2. CU: Few seconds shot of plate being tapped dry

2.4.3. MED/CU: PBS being removed from at least a few wells (Videographer: if possible, get PBS container with label visible in frame) (Multiple takes; shot will be used again)
2.5. Next, block the wells with 200 (l of complete media at 37°C. After 2 hours, wash the plates with PBS as just demonstrated, refilling the wells with fresh PBS after the fifth wash until the cells are plated.
2.5.1. CU: Media being added to at least a few wells

2.5.2. Use 2.4.3. PBS wash

2.5.3. CU: PBS being added to the last few wells of the plate
3. Cell Plating and Stimulation
3.1. Prior to plating and stimulation, resuspend the human PBMC of interest at a final concentration of 2 x 106 cells/ml and incubate the cells overnight at 37°C and 5% CO2 in a water jacket incubator.
3.1.1. WIDE: Few seconds Talent resuspending PBMC at 2 x 106 cells/ml 
3.1.2. MED: Talent placing cells in incubator
3.2. The next morning, resuspend the PBMC in a final volume of 5 ml of complete media, and then incubate the cells with 10 ml of genetically engineered endonuclease from Serratia marcescens at room temperature.  
3.2.1. MED: Talent resuspending cells in 5 ml of media

3.2.2. MED: Talent adding endonuclease to cells (Videographer: If possible, show endonuclease container with label visible in frame)
3.3. After 5 minutes, count the cells to confirm at least a 95% viability. Then spin down the cells and resuspend the pellet in stimulation media to a final concentration of 2 x 106 cells/ml at 37°C until the stimulation mixtures are added to the plate. 
3.3.1. MED: Few seconds shot Talent counting cells  (TEXT: Discard <95% viable samples)

3.3.2. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 700 x g, RT) 

3.3.3. CU: Shot of pellet if visible, then media being added to cells

3.3.4. CU: Cells being placed at 37°C
3.4. Next plate anti-CD3 to a final concentration of 0.5 (g/ml in two wells to serve as the positive control wells. Then add 100 (l of VZV antigen diluted in stimulation media to the appropriate wells. 
3.4.1. MED – over the shoulder: Few seconds Talent adding anti-CD3 to plate (Videographer: If possible, get anti-CD3 container with label visible in shot)

3.4.2. CU: VZV being added to at least a few wells (Videographer: If possible, get VZV container with label visible in shot)  (TEXT: See text for VZV Ag preparation details)  

3.5. Now add 100 (l of PBMC, one drop at a time, to all of the wells except the negative control wells, and incubate the plate for 20 hours at 37°C and 5% CO2, without shaking, moving or stacking the plates during the incubation.

3.5.1. CU: Drops being added to at least a few wells (Video Editor: Just enough action to cover narrative)

3.5.2. MED: Talent carefully placing plate(s) into incubator

3.6. Control the irradiation efficacy by monitoring the absence of visible signs of cytopathic effects after 4 days in PBMC cultures.  
3.6.1. MED: Talent at microscope looking at plate or other appropriate “monitoring cytopathic effects” shot
4. Spot development and detection
4.1. After the stimulation, discard the cells and wash the plates 10 times with PBS + Tween.
4.1.1. WIDE: Few seconds Talent discarding cells (e.g., Talent aspirating/dumping supernatant or other appropriate representative shot) 

4.1.2. MED/CU: Few seconds Talent adding PBS + Tween to plate (Videographer: if possible, get PBS  + Tween container with label visible in shot) (Multiple takes; shot will be used again)
4.2. Then use a multichannel pipette to incubate the PVDF membrane with 100 (l of biotin-conjugated anti-IFN-γ monoclonal antibody per well at room temperature.
4.2.1. MED – over the shoulder: Few seconds Talent adding biotin-conjugated anti-IFN-γ monoclonal antibody to at least a few wells (Videographer: if possible, get IFN( antibody container with label visible in shot) 
4.3. After 2 hours, wash the wells 6 times with PBS + Tween and incubate the plate, covered, with 100 (l of streptavidin conjugated with alkaline phosphatase per well at room temperature. 
4.3.1. Use 4.1.2. washing plate with PBS + Tween

4.3.2. MED: Talent placing covered plate at RT
4.4. After 1 hour, wash the plates 3 times with PBS + Tween and 3 times with PBS alone. Then incubate the plate with 100 (l of substrate solution for 5 minutes at room temperature. 
4.4.1. Use 4.1.2. washing with PBS + Tween

4.4.2. Use 2.4.3. PBS wash

4.4.3. CU: Substrate being added to at least a few wells [TEXT: e.g., 5-bromo-4-chloro-3-indolyl phosphate (BCIP) or nitro blue tetrazolium chloride (NBT)] 
4.5. Now remove the bottom section of the ELISpot plate and wash both sides of the membrane and the plate with running distilled water. 
4.5.1. CU: Few seconds bottom section being removed

4.5.2. MED: Few seconds Talent washing membrane and/or plate
4.6. Finally, air-dry the plate and membrane and then examine the wells to enumerate the spots.

4.6.1. MED: Talent placing plate and/or membrane to air-dry

4.6.2. MED: Talent at microscope examining wells

4.6.3. LAB MEDIA: Figure 4.pdf
5. Results: Representative VZV ELISpot data
5.1. Irradiation of viral stocks leads to consistently higher estimates of the frequency of VZV-specific IFN-(-producing cells in PBMC samples obtained from healthy donors at all dilutions tested, possibly the result of the mitigation of cytopathic effects induced by the live attenuated VZV in the cell cultures.  
5.1.1. LAB MEDIA: Figure 1.eps (Video Editor: with “Irradiation … tested” please highlight/indicate the black data bars; with “live … cultures” please highlight/indicate the white data bars)
5.2. IFN-( ELISpot performed using two-fold dilutions of (-irradiated live-attenuated VZV vaccine and PBMC samples from immunocompetent children with a documented history of varicella and/or a positive serology for VZV indicates statistically significant differences between the median frequencies of IFN-(-producing cells at the 1:200, 1:400 and 1:800 dilutions of VZV antigen. 
5.2.1. LAB MEDIA: Figure 2.eps (Video Editor: If possible, with “at the 1:200” please add OR highlight/indicate the p<0.001 text and bracket; with “1:400 … dilutions” please add OR highlight/indicate the p<0.01 text and bracket)
5.3. Depletion of CD4+ cells from the PBMC samples results in a striking reduction in the frequencies of IFN-(-producing cells obtained using 1:100, 1:200 and 1:400 dilutions of VZV antigen, while depletion of CD8+ cells does not lead to such a reduction. Positive controls are also affected, suggesting that the majority of cells that produce IFN-( in response to stimulation with VZV antigens are CD4+ T cells or CD4+ antigen-presenting cells, the absence of which precludes presentation to, and activation of, IFN-(-producing CD8+ T cells.
5.3.1. LAB MEDIA: Figure 3.eps 
(Video Editor: with “Depletion of CD4+… dilutions of VZV antigen” please highlight/indicate the CD4 depletion/dotted data bars for the 1/100, 1/200, and 1/400 data columns; 

with “depletion of CD8+ … reduction” please highlight/indicate the CD8 depletion/black data bars for the 1/100, 1/200, and 1/400 data columns; 

with “Positive controls are also affected” please highlight/indicate the dotted/CD4 depletion data bar in the anti-CD3 data column)
6. Conclusion (said by authors on camera)
6.1. Insaf Salem Fourati: Once mastered, this technique can be copmleted in 12 hours if it is performed properly.
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, 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.  

Figure 1.eps

Figure 2.eps

Figure 3.eps

Figure 4.eps
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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


