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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ______N___ If yes, please list make and model of your microscope: ______________________________

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___2.7; 3.1; 3.5; 3.11; 4.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Tracking the cells as they descend toward the stimulatory cover slip, capturing them before cellular activation occurs.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:

The overall goal of this procedure is to observe and quantitate the dynamics of signaling complex formation throughout T cell activation (Intro). First, transfect T cells with plasmids coding for the fluorescently tagged proteins of interest  (P1, the loop black/blue loop goes into the upper purple cell so it looks like the lower purple cell). Seed the cells over a stimulatory cover slip (P2, zoom out on the P1 cells, bring in a pipette and suck up the cells, then show P2 image with the red square. Then zoom in to the pipette tip again and you see the lower P2 image (close-up of cells inside the pipette) and visually track the cells as they descend towards the stimulatory plane (P3, a cell comes out of the pipette and moves down to touch the layer of “Y”s.). Record the cells throughout the spreading process and signaling complex formation (P4, the cell spreads out as in P4). Then perform Pearson's colocalization coefficient analysis to show whether a complex, like Nck and SLP-76, is stable throughout the activation process (P5).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Mira Barda-Saad: The main advantage of this technique over existing methods, like immunoprecipitation, is that this technique allows the tracking of signaling complex formation in time and space in living cells. 

1.2. Elad Noy: Though this method can provide insight into the dynamics of signaling complexes it can also be applied to other systems such as immunofluorescence staining, cell shape index analysis and live FRET imaging. 

1.3. ** Mira Barda-Saad: Demonstrating the procedure will be Maor H. Pauker, a PhD student from my laboratory.
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.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. T-cell spreading assay preparation
2.1. Begin with preparation of the 4-chamber slides.

2.1.1. MED/CU: Talent removes slides from packaging (get shot label: Lab-Tek II German coverglass system ).

2.2. Talent: Make sure not to accidentally scratch the inner surface of the chambers during preparation or use. 

2.2.1. Interview style.

<COMMENT : Please note that 2.3 to 2.6 where filmed both in the hood and later outside of it. Please make sure to use only takes filmed outside of the hood.>
2.3. Fill each chamber of the slide with 500 µl slide preparation solution, and incubate at room temperature for 10 minutes.

2.3.1. CU/ECU: Talent fills each chamber of the slide with 500 µl slide preparation solution (get reagent label: HCl /ethanol /ddH2O).

2.3.2. ECU: Talent sets timer for 10 min.

2.4. Aspirate off all the liquid. Then incubate the uncovered slides for one hour at 45°C to dry. 

2.4.1. ECU: Talent aspirates off all the liquid.

2.4.2. MED/CU: Talent places the uncovered slides at 45°C.

2.5. Next, apply 500 µl of 0.01% poly-L-lysine solution to each chamber and incubate for 15 minutes at room temperature. Aspirate the chambers and dry the coated slides at 45°C for 3 hours.

2.5.1. ECU: Talent applies 500 µl of 0.01% poly-L-lysine solution to each chamber 

2.5.2. CU: Talent sets timer for 15 minutes.

2.5.3. ECU: Talent aspirates the chambers.

2.5.4.  MED-over-the-shoulder: Talent places the coated slides at 45°C.

2.6. Talent: Lysine-coated slides can be stored dry for several months at room temperature. 

2.6.1. Interview style, Talent with dried lysine-coated slides in hand.

2.7. Fill each chamber with 400 µl of freshly-prepared activating antibody solution,  and incubate the slides for 2 hours at 37°C.

2.7.1. CU/ECU: Talent fills each chamber with 400 µl of freshly-prepared activating antibody solution (get reagent label: 10 µg/ml anti-CD3 antibody) 

2.7.2. MED: Talent places the slides at 37°C.

2.8. After removing the activating antibody solution, immediately wash the chamber twice with 300 µl PBS. Store the PBS-filled slide at 4°C for up to a week.

2.8.1. MED/CU: Talent performs a PBS wash. 

2.8.2. MED-over-the shoulder: Talent stores the PBS-filled slide at 4°C.

3. T-cell activation and imaging
3.1. Activate the Zeiss LSM 510 Meta microscope, warm up the mounting frame to 37°C and select the "Expert mode". Then click “Acquire”, and open the tabs for Lasers; Microscopy; Configuration; Scan and Time Series.
3.1.1. WIDE: Talent activates the Zeiss LSM 510 Meta microscope, and warms up the mounting frame to 37°C (get good shot of instrument set-up).
3.1.2. SCREEN: Talent selects the "Expert mode". Then clicks “Acquire”, and open the tabs for Lasers; Microscopy; Configuration; Scan and Time Series.
3.2. Talent: Performing this experiment with primary T cells requires the use of a microscope stage mounted incubation system in order to maintain CO2, humidity levels and temperature, to ensure the viability of the imaged cells.
3.2.1. Interview style, Talent at microscope work station.
3.3. Activate the needed lasers. For excitation of monomeric cyan fluorescent and monomeric yellow fluorescent protein, set the Argon/2 laser to “standby” for 5 minutes, then to “on”.

3.3.1. SCREEN: Talent activates the needed lasers. Talent sets the Argon/2 laser to “standby” for 5 minutes, then to “on”.

3.4. Talent: If you have performed this live-cell imaging assay before, using the same fluorophores, open the resulting LSM file and click the “reuse” icon.

3.4.1. Interview style, Talent looks up from computer (if possible, laser tab open on screen).

3.5. Define the channels using lasers and filters appropriate for the excitation and emission of the fluorescent proteins used. 

3.5.1. SCREEN: Talent defines the lasers and channels using filters appropriate for the excitation and emission of the fluorescent proteins used.

3.6. In the “Scan control” window, select the Z stack option and enter scan parameters of 5 slices at 0.5 µm interval and current slice of 3.

3.6.1. SCREEN: Talent goes to “Scan control” window, selects the Z stack option and enters scan parameters of 5 slices at 0.5 µm interval and current slice of 3.

3.7. Next, aspirate the PBS from the stored slide, and add 600 µl of warm imaging buffer [Text over video: 37°C]. Incubate the slide at 37°C at least 15 min. 

3.7.1. MED/CU: Talent aspirates the PBS from the stored slide

3.7.2. ECU: Talent adds 600 µl of warm imaging buffer. 

3.7.3. CU: Talent places the slide at 37°C.

.>   
3.8. Proceed to pellet 5 x 105 transfected T cells by centrifugation. Discard the supernatant and resuspend the cells in 1 ml warm imaging buffer. Now transfer the cell suspension to a 1.5-ml Eppendorf tube and place it at 37°C.

3.8.0.  PRE3.8.1 WIDE:  Talent takes cells from the incubator and places them in the centrifuge. < Author Note : Please cut before you see the pipette, that is not the way we perform it>
3.8.1. MED/CU: Talent removes 5 x 105 transfected T cells from centrifuge (show setting: 2 minutes at 400xg). 

3.8.2. CU: Talent discards the supernatant.

3.8.3. ECU: Talent resuspends cells in 1 ml warm imaging buffer (show pellet size)

3.8.4. ECU: Talent transfers the cell suspension to a 1.5-ml Eppendorf tube

3.8.5. CU: Talent places samples at 37°C.

3.9. Now mount the slide on the microscope. Click the “VIS” icon. Then mix the cell suspension. Remove 1 to 2 µl and insert the tip of the pipette into the imaging buffer above the bottom of the slide. Position the cells over the objective’s aperture.

3.9.1. MED/CU: Talent mounts the slide on the microscope. 

3.9.2. MED-over-the-shoulder: Talent clicks the “VIS” icon. 

3.9.3. CU/ECU: Talent mixes the cell suspension.

3.9.4. ECU: Talent removes 1-2 µl and inserts the tip of the pipette into the imaging buffer above the bottom of the slide.

3.9.5. MED/CU: Position the cells over the objective’s aperture.

3.10. Immediately begin visually tracking the fluorescent cells as they descend. Select a cell that displays high fluorescence in both channels. Before the cell reaches the surface of the slide, activate the LSM mode.  Toggle only one excitation laser; selecting a laser for which there is a DIC channel. 

3.10.1. MED-over-the-shoulder: Talent visually tracks the fluorescent cells as they descend.

3.10.2. SCOPE: Talent selects a cell that displays high fluorescence in both channels. 

3.10.3. SCREEN: Before the cell reaches the surface of the slide, Talent activates the LSM mode.  

3.10.4. SCREEN: Talent toggles one excitation laser. 

3.11. Set Zoom to 1. Click on the “Fast XY” icon and the “Stop” icon. Using the Crop tool, select a region of interest centered on the cell.   Then set the Zoom to 3. Click on the “Fast XY” icon, and manually set the focus to optimally view the cell. Now click on the “Stop” icon.

3.11.1. SCREEN: Talent clicks on the “Fast XY” icon and the “Stop” icon. 

3.11.2. SCREEN: Talent Uses the Crop tool, and selects an ROI centered on the cell.  

3.11.3. SCREEN: Talent sets the Zoom to 3 and clicks on the “Fast XY” icon.

3.11.4. SCREEN: Talent manually sets the focus to optimally view the cell. 

3.11.5. SCREEN: Talent clicks on the “Stop” icon.

3.12. Toggle all the needed excitation lasers. Begin recording by clicking the “StartT” icon. Image the cell for the entirety of the spreading process of about 5 minutes for T cell-lines or 30 minutes for primary cells. When finished, click the "Stop" icon and save the file.

3.12.1. SCREEN: Talent toggles all the needed excitation lasers.

3.12.2. SCREEN: Talent clicks the “StartT” icon and starts recording the cell for about 10 seconds (to cover voice over)

3.12.3. SCREEN: Talent clicks the "Stop" icon and saves the file.

3.13. To acquire additional cells, click the "VIS" icon. 

3.13.1. SCREEN: Talent clicks he "VIS" icon.

3.14. Talent: If there are cells that did not yet come into contact with the slide's bottom, repeat the capture process. Avoid imaging cells that have already begun the spreading process. 

3.14.1. Interview style. Talent looks up from imaging software.

3.15a.  <Added VO> Here are some examples for expected cellular spreading for 1 minute, 3 minutes, and 5 minutes after T-cell activation.
3.15a.1.  “Pre3.15.1 SCREEN”: Images from 1 minute, 3 minutes and 5 minutes after activation are presented. [Video Editor: Please add TEXT label for “1 min” , “3 min” and “5 min”]
3.15. If the observed slide area is mostly devoid of cells, move the slide so that the area above the objective's aperture is devoid of cells, and then add another aliquot of cells..

3.15.2. (move before 3.15.1): SCOPE: Talent moves the slide so that the area above the objective's aperture is devoid of cells
3.15.1. MED/CU: Talent adds another aliquot of cells. 

3.15.2. SCOPE: Talent moves the slide so that the area above the objective's aperture is devoid of cells. <EDITORS : 3.15.2 should be used before 3.15.1, not after it>
3.16. After performing all the desired imaging, open a saved LSM file. Click on “Gallery”, “Time+Z” and “Subset”. Select the relevant time range and Z stack and save a new file for each imaging file.

3.16.1. SCREEN: Talent opens a saved LSM file, clicks on “Gallery”, “Time+Z” and “Subset”. 

3.16.2. SCREEN: Talent selects the relevant time range and Z stack and saves a new file for an imaging file.

4. Imaging data analysis 
4.1. In Imaris software, open the LSM files. Click on “Surpass”. Then open the “Image Processing” menu and select “Swap Time and Z” for correct cropping of the image.
4.1.1. SCREEN: In Imaris software, Talent opens the LSM files. Click on “Surpass”. 
4.1.2. SCREEN: Talent opens the “Image Processing” menu and selects “Swap Time and Z” for correct cropping of the image.
4.2. From the “Edit” tool bar, select the "3D crop" option. Crop the image to include only the area surrounding the cell. 
4.2.1. SCREEN: From the “Edit” tool bar, Talent selects the "3D crop" option, and crops the image to include only the area surrounding the cell.
4.3. Talent: We suggest cropping a 300x300 pixel square centered on the cell. 
4.3.1. Interview style. Talent at computer (if possible, with image cropping window on screen)
4.4. Since the shape and location of the cell can change over time, observe the t axis and make sure that the cell is within the cropped region at all time points. 

4.4.1. SCREEN: Talent indicates the t axis and makes sure that the cell is within the cropped region at all time points. 

4.5. Then click on the “Image Processing” menu, and select “Swap Time and Z” to restore the original temporal separation of the image.
4.5.1. SCREEN: Talent clicks on the “Image Processing” menu, and selects “Swap Time and Z” to restore the original temporal separation of the image.
4.6. Press the “Coloc” button on the main tool bar. Select “Build Time Dep. Coloc”. Imaris will automatically calculate intensity thresholds for each channel at each time point.

4.6.1. SCREEN: Talent presses the “Coloc” button on the main tool bar, selects “Build Time Dep. Coloc”. Talent allows Imaris to automatically calculate intensity thresholds for each channel at each time point (record about 7 seconds to cover voice-over).

4.7. Now select “Channel Statistics” to view the results of the colocalization analysis.  Then export the data.

4.7.1. SCREEN: Talent selects “Channel Statistics” to view the results of the colocalization analysis.

4.7.2. SCREEN: Talent clicks on “Export”.

5. Results: Live imaging of SLP-76 deficient T cells  
5.1. Prior to the imaging experiment, the SLP-76 deficient T cells that stably express SLP-76-mYFP and mCFP-Nck were evaluated by FACS analysis for the expression of the fluorescent proteins.

5.1.1. LAB MEDIA: Figure 1 

5.2. Here, T cells transfected with tagged signaling proteins were deposited over activating slides and imaged during T-cell spreading to show the dynamics of protein distribution and colocalization throughout activation and spreading.

5.2.1. LAB MEDIA: Figure 3.

5.3. Quantitative analysis using the Imaris software can calculate protein colocalization throughout the cellular activation process. This analysis of the Pearson’s colocalization coefficient on different time points across imaged cells indicates that the colocalization of Nck and SLP76 does not change significantly throughout T-cell activation.

5.3.1. LAB MEDIA: Figure 4 table

5.3.2. LAB MEDIA: Figure 4 graph.

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. Elad Noy: Following this procedure, other methods like cell-shape index analysis and FRET can be performed in order to answer additional questions like monitoring of cellular spreading or measuring conformational changes within a signaling molecule or a multi-protein complex.
6.2. Mira Barda-Saad: After watching this video, you should have a good understanding of how to follow immune cell activation in real time and furthermore, visualize and quantitate the signaling cascades that are triggered by immunoreceptor engagement.
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.  

Storyboard.psd

Figure 1.tif

Figure 3.tif

Figure 4 table.tif

Figure 4 graph.tif
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


