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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____No__  (If you can record images/videos using your own camera/software, then mark No)  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)___Yes__ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.) _Most detail should be given to acquiring the data correctly and running the STICS software, STICS can be captured using Camtasia. For actual filming on the day: Microscope set-up (Steps 3.4., particularly Step 3.5. Imaging cells forming synapses (5.2, 5.3, 5.5)

For optimizing steps with beads see ‘Video 2 Live Bead sample’ uploaded to the shared folder for Step .
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.) __Image acquisition of T-cells forming synapses during imaging___________________

E.  Will the filming need to take place in multiple locations? (Y/N) __N____ If yes, how far apart are the locations? (Tissue culture, microscope room and analysis room / office are all on the same floor of single building
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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experiment is to quantify the dynamics of cortical actin by image correlation spectroscopy, following acquisition by total internal reflection-structured illumination imaging (or TIRF-SIM) (Pronunciation: Pronounce as two words: “tirf”-“sim”).

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Dylan Owen: This method can help answer key questions in the biophysical field, such as what roles the molecular flow of cortical actin has in molecular reorganization during immunological synapse formation.

Dylan Owen: The main advantage of this technique is that it combines nanometer scale resolutions with live-cell compatibility, affording smaller-scale processes to be observed and analyzed compared to conventional fluorescence techniques.

(Note to Authors: Generally, the “Optional Interview Statements” section is used to introduce new Authors. I have moved your original bullet 1.4 [“Though this method can provide insight...during cell migration.”] to the “Conclusion” section, to better fit our format.)
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.2. **Dylan Owen: Demonstrating the procedure will be George Ashdown, a PhD student from my laboratory.

1.2.1. Interview style: Author saying the above 

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

Note to the Authors: Please memorize all statements in advance of filming.
Protocol (read by voice talent at JoVE):

2. Microscope Set-up

2.1. For a test sample [2.1.1-WIDE], add 5 (l of a 0.1 (m sub-diffraction fluorescent microsphere stock solution to the surface of a fresh, uncoated cover slip [2.1.2-MED/CU-TXT]. Then, spread the microsphere solution over the coverslip with a pipette tip and allow it to dry [2.1.3-CU].
2.1.1. Establishing shot of talent at bench with coverslips and reagents.

2.1.2. Show “Microsphere Stock Solution” label in frame, if possible; TEXT: Beforehand, vortex microsphere stock solution to eliminate clumps.

2.1.3. *Film as written

2.2. Add 200 (l of mounting medium to the test coverslip to prepare for imaging [2.2.1-CU].

2.2.1. Show “Mounting Medium” label in frame, if possible.

2.3. To begin, turn on the incubator for the stage heater of the TIRF-SIM system [2.3.1-WIDE-TXT], and fill the reservoir with distilled water to fully cover the base of the heating element. Let the water equilibrate to 37 (C [2.3.2-CU-TXT].

2.3.1. Show talent walking over to the TIRF-SIM system, switching on the stage heater. TEXT: TIRF-SIM: Total internal reflection fluorescence-structured illumination microscope

2.3.2. If possible, show water level rising around the heating element until base is fully submerged. Then, show submerged heating element and water level remaining steady; TEXT: Equilibrate to 37 (C. 

2.4. Connect the heating collar to the objective lens [2.4.1-MED-over the shoulder], and set it to 37 (C [2.4.2-CU]. Then, secure the TIRF 488 compatible grating block in the light path of the microscope [2.4.3-CU].

2.4.1. *Film as written

2.4.2. Show talent adjusting temperature setting (likely on digital display) of collar to 37 (C.

2.4.3. *Film as written
2.5. To ensure that the correct optical path is engaged, switch the channel mode on the laser bed to the “Single” position [2.5.1-MED/CU-TXT]. Repeat this action for the fiber cable on the microscope stage [2.5.2-MED/CU]. Expect to see an error in the software window if these steps are not performed [2.5.3-SCREEN].

2.5.1. If possible, show the “Single” label/position when the mode is switched; TEXT: Note: The TIRF-SIM will operate only in the Single Mode.

2.5.2. If possible, show the “Single” label/position when the mode for the fiber cable is switched

2.5.3. *To be provided by Authors

2.6. Having set the mode, lower the objective to the lowest z-plane [2.6.1-MED], and place a drop of oil on it [2.6.2-CU]. Place the test sample cover slip with the fluorescent microspheres on the microscope stage [2.6.3-MED-over the shoulder]. 
2.6.1. *Film as written

2.6.2. *Film as written

2.6.3. Show talent lifting up cover slip, placing it onto the microscope stage
2.7. Then, select the Perfect Focus System, or PFS, function on the microscope body [2.7.1-CU]. Move the objective gradually up through the z-plane [2.7.2-MED], and stop when the PFS button stops flashing—which indicates that the focal plane has been reached [2.7.3-CU].

2.7.1. Show talent selecting function, with “PFS” label in frame. If possible, try to provide context as to where this button is on the microscope (e.g., on the front of the scope, on its base).

2.7.2. Show talent at microscope, performing action
2.7.3. Initially show PFS button flashing, and then cease flashing

2.8. On the control software, switch to ‘Live’ view to image the microspheres on the screen [2.8.1-MED-over the shoulder]. Make fine adjustments to the focus by using the PFS micro-manipulator wheel [2.8.2-SCREEN-TXT].

2.8.1. Show talent sitting in front of screen. Software should be open on screen, but no image of the microspheres displayed. Then, have talent select “Live” view, with image of microspheres appearing on screen.

2.8.2. *To be provided by Authors; TEXT: Adjust PFS micro-manipulator wheel to fine-tune focus

(Note to Authors: If possible, could an image of out-of-focus microspheres appear onscreen, with these beads coming into focus as the PFS micro-manipulator wheel is adjusted?)
2.9. Observe uniform illumination with no out-of-focus fluorescence emission above the 75 nm evanescent wave. Finally, confirm structured illumination is achieved, by observing a fluctuating illumination pattern from the fluorescent microsphere sample [2.9.1-LM].
2.9.1. Video 2 Live Bead Sample.avi: Play Video 2@0:00-22 (entire clip).
3. Cell Imaging
3.1. For T cell stimulation, coat the chambers of an 8–well coverslip with 200 (l of anti-CD3 and anti-CD28 antibody mixture [3.1.2-MED/CU], and incubate the coverslip for 2 hr at 37 (C [3.1.1-WIDE].
3.1.1. Show anti-CD3 and anti-CD28 labels in frame, if possible; TEXT: 1 (g/ml of each antibody in 200 (l PBS
3.1.2. Show talent holding 8-well coverslip, walking over with it to/placing it in incubator.
3.2. After washing the coverslip as described in the text protocol, place it on the microscope stage [3.2.1-CU], and then find the TIRF focal plane [3.2.2-CU].
3.2.1. *Film as written

3.2.2. Initially show blinking PFS button, which should stop blinking at the end of the shot: TEXT: Plane found when PFS button stops blinking.
3.3. Next, gently pipet 200 (l of transfected T cells into one of the wells on the coverslip [3.3.1-CU-TXT].

3.3.1. *Film as written; TEXT: 5 x 105 cells/ml: See text protocol for transfection details.

3.4.  [3.4.1-WIDE] Use epifluorescence to track the GFP-actin transfected cells as they land on the coverslip [3.4.2-SCREEN].

3.4.1. Show talent at microscope, but in frame also include monitor on which image of cells is displayed. Then, have talent switch view, at which point image on computer screen should disappear.

3.4.2. Screen capture Cell landing and spreading on coverslip (sped up 500 percent).mp4: Play video @0:00-10 (Note to Video Editors: Only show image of transfected cell landing on coverslip/spreading on black background [not any component of the software/program].)

3.5. Once the cells have settled, change to Live mode using the N-SIM Pad and check that the cells on the monitor are in focus [3.5.1-MED-over the shoulder].
3.5.1. Show talent sitting at computer screen/monitor, performing described actions in the software. 

3.6. To record a time-course, open the ND Acquisition window… and select the “Time” tab. Then click “Add”, and set the “Interval” to “No Delay”… Set the “Duration” to 10 minutes… and the “Loops” to 1. Finally, start recording the data by selecting “Run now” in the ND Acquisition window [3.6.1-SCREEN].
3.6.1. *To be provided by Authors

(Note to Authors: Could a screen capture be generated that walks through each of the actions as they are performed in 3.6 [e.g., the ND Acquisition window being opened, the Time tab being selected, etc.]? In Screen Capture Steps 5.3, 5.4 and 5.5.mp4, the ND Acquisitions window is already open, and values/text are already filled-in under “Loops” and “Interval.”)
4. Structured Illumination Microscopy (SIM) Image Reconstruction and Spatio-temporal Image Correlation Spectroscopy (STICS) Analysis
4.1. To reconstruct the images, first open the analysis software containing the correct analysis module [4.1.1-MED-over the shoulder].

4.1.1. Show talent opening appropriate software on computer screen.
4.2. Click on “Applications” and then select the “Show-N-SIM window” [4.2.1-SCREEN]. Set the Illumination Modulation Contrast and High Resolution Noise Suppression to 1 [4.2.2-SCREEN], and reconstruct the TIRF-SIM dataset to produce a complete SIM image [4.2.3-SCREEN].

4.2.1. Screen Capture 4.mp4: Play Screen Capture 4.mp4@0:02-13 (showing program being opened, “Applications” and “Show-N-SIM” text being clicked on, and box being moved to right of screen).

4.2.2. Screen Capture 4.mp4: Play Screen Capture 4.mp4@0:14-36 (showing Jurkat T cell option being clicked, green cell images appearing, and mouse cursor scrolling over to white box/blue line and “High Resolution Noise Suppression Text”).

4.2.3. Screen Capture 4.mp4: Play Screen Capture 4.mp4@0:37-55 (showing “Reconstruct” button being clicked, new window with image of single green cell appearing). 
4.3. From the image status bar, confirm that the pixel size is 30 nm, and then export the data as tiff files for STIC (Pronounced: stick) analysis [4.3.1-SCREEN].
4.3.1. Screen Capture 4.mp4: Play Screen Capture 4.mp4@0:55-1:34 (showing time course of green cell, “File” and “Import/Export” text being clicked, “Export” being clicked, and returning to image of green cell on screen). (Note to Video Editors: When “pixel size is 30 nm” occurs in the voiceover, highlight the 0.3 (m/pix text in the lower left of the screen [the cursor moves over it ~@1:04]).
4.4. After downloading and extracting the STIC(C)S (Pronounced: sticks) Matlab software package, open the script. Then define the input parameters as outlined in the text protocol [4.4.1-SCREEN].

4.4.1. Screen Capture 1.mp4: Play Screen Capture 1.mp4@0:00-18 (showing MATLAB being opened, “stics_vectormapping.m” being clicked on/opened, zoom into lines in script).
4.5. For the immobile removal filter, in Line 23 set the Filtering parameter to ‘Moving Average’ [4.5.1-SCREEN], and in Line 24 use 21 as the ‘MoveAverage’ parameter [4.5.2-SCREEN]. To generate one vector map, set the temporal subregion in Line 31 to the maximum number of frames(in this case 63 [4.5.3-SCREEN-TXT]. Then, in Line 32, set the temporal shift to 1 [4.5.4-SCREEN].

4.5.1. Screen Capture 1.mp4: Play Screen Capture 1.mp4@0:19-24 (showing zoomed lines of script, with cursor moving over specific lines). (Note to Video Editors: When “Line 23” occurs in the narrative, try to make this coincide with the cursor moving over to the end of line 23 and the “end” text in this line being underlined (@0:22-24). When “Line 23” occurs in the narrative, highlight the “23” text on the left of the screen. Then, when “Filtering parameter to ‘Moving Average’” occurs in the narrative, highlight the “opt.filtering = ‘MovingAverage’” text onscreen.)

4.5.2. Screen Capture 1.mp4: Play Screen Capture 1.mp4@0:25-28 (showing cursor in script moving down to line 24). (Note to Video Editors: When “Line 24” occurs in the narrative, highlight “24” on the left side of the screen. Then, when “21 as the ‘MoveAverage’ parameter” occurs in the narrative, highlight the “opt.MoveAverage = 21” text in this line). 

4.5.3. Screen Capture 1.mp4: Play Screen Capture 1.mp4@0:29-34 (showing cursor moving so that flashing vertical line is at end of Line 31); *TEXT: Maximum frame number(Length of movie (e.g., 1 frame per second). (Note to Video Editors: When “Line 31” occurs in the narrative, highlight the “31” text on the left of the screen. Then, when “frames(in this case 63” occurs in the voiceover, highlight the “opt.TOIsize = 63” text in this line.)

4.5.4. Screen Capture 1.mp4: Play Screen Capture 1.mp4@0:35-38 (showing cursor move, vertical flashing black line appearing at end of Line 32). (Note to Video Editors: When “Line 32” occurs in the voiceover, highlight the “32” text on the left of the screen. Then, when “temporal shift to 1” occurs in the voiceover, highlight the “opt.TOIshift = 1” text in this line.)
4.6. In Lines 33 through 35, enter the names of the output files…the titles of the output vector maps [4.6.1-SCREEN]…and the output directory path [4.6.2-SCREEN]. Then define the format in which the vector map images should be saved(in this case .png [4.6.3-SCREEN].

4.6.1. Screen Capture 1.mp4: Play Screen Capture 1.mp4@0:39-40, and freeze @0:40 (before the purple C:\Users\George…text in line 35 is highlighted). (Note to Video Editors: When “Lines 33 through 35” occurs in the narrative, simultaneously highlight the “33,” “34,” and “35” text on the left of the screen. Then, when “names of the output files” and “titles of the output vector maps” occur in the narrative, respectively highlight the “opt.axisTitle = ‘F-actin Flow’” and the “opt.outputName = ‘F-actin Flow’” text.)

4.6.2. Screen Capture 1.mp4: Play Screen Capture 1.mp4@0:41-44 (showing the “C:\Users\George\Desktop\STICCSpackage” text being highlighted).

4.6.3. Screen Capture 1.mp4: Play Screen Capture 1.mp4@0:45-47, freeze @0:47 (before zoom out of lines in script). (Note to Video Editors: In Line 37, highlight the “opt.imagesformat = ‘png’” text.)

4.7. In the Matlab Editor window, open the script run1ChannelSTICS (Pronounced: Run one channel sticks) and load the image series by running lines 1 through 23 of the script [4.7.1-SCREEN].

4.7.1. Screen Capture 2.mp4: Play Screen Capture 2.mp4@0:00-10 (stop video when green “loading images series” bar is on screen).
4.8. Next, run lines 29 through 35 of run1ChannelSTICS to start the STIC analysis. Follow the prompt and select a polygon to define a region of interest, or ROI, if desired [4.8.1-SCREEN]. 
4.8.1. Screen Capture 2.mp4: Play Screen Capture 2.mp4@0:11-34 (white rectangle being drawn around red cell, red cell disappearing from screen, blue cell appearing with polygon being draw on it); TEXT (include when “Follow the prompt…desired.” occurs in the narrative): Avoid the cell edge when defining an ROI to prevent boundary artifacts.

4.9. To display the vector maps, run lines 38 through 52...Then run lines 53 through 72 to plot the velocity magnitude histogram [4.9.1-SCREEN].
4.9.1. *To be provided by Authors
5. Results: Representative Structured Illumination Data and STICS Output 
5.1. Shown here is a Jurkat T cell expressing GFP labeled F-actin, which was imaged with the TIRF-SIM protocol discussed in the text [5.1.1-LM].

5.1.1. Video 1 (Jurkat LA488 5 min with Sale Bar).avi: Begin with a freeze of Video 1@0:00 (gray cell).

5.2. Five minutes after this cell was introduced onto a coverslip coated with (CD3 and (CD28 antibodies(meant to stimulate the formation of immunological synapses(a time course was taken of it, so that the molecular flow of F-actin could be visualized [5.2.1-LM].

5.2.1. Video 1 (Jurkat LA488 5 min with Sale Bar).avi: Play Video 1@0:00-08 (the entire video). If necessary, slow the speed of the clip or play it in a loop to fit the length of the narration.

5.3. Subsequent analysis of these data using the STICS program enabled the quantification of F-actin molecular flow, as depicted by this vector map corresponding to the boxed region of the cell on the left, which represents a portion of the synapse periphery [5.3.1-LM].

5.3.1. Figure 4 Unlayered.tif: Show upper left panel (gray cell) on the left of the screen. When “as depicted by this vector map...synapse periphery” occurs in the narrative, box a lower-right portion of the cell in yellow (see upper left panel in Figure 4.tif [the layered version] for the placement of this box). Simultaneously include the upper right panel (vector map) of Figure 4 Unlayered.tif on the right of the screen.

5.4. Further magnification of this map and T cell subregion clarifies actin flow directionality and velocity, which can be determined from vector length as well as color code [5.4.1-LM]. 

5.4.1. Figure 4 Unlayered.tif: Continue from above. Zoom into region of the vector map on the right (region of zoom should correspond to the yellow-boxed region in the upper right panel of Figure 4.tif), and fade into the lower right panel of Figure 4 Unlayered.tif (enlarged vector map where arrows can be seen). At this point, only this magnified panel should be on screen. When “color code” occurs in the narrative, beneath the panel/vector map, include the color gradient bar and its accompanying “0.01,” “(m/min,” and “4.78” text. 

5.5. Velocity data can also be plotted in a histogram, allowing for statistical analysis [5.5.1-LM]. Collectively, these results show that—in the immunological synapse—F-actin flows in a symmetrical fashion from the periphery towards the cell center [5.5.2-LM].

5.5.1. Figure 4 Unlayered.tif: Show the lower left panel, depicting the histogram.

5.5.2. Figure 4 Unlayered.tif: Show split screen of lower left and right panels (in that same orientation—with the histogram on the left and magnified vector map on the right).

6. Conclusion (said by authors on camera)
6.1. Dylan Owen: After watching this video, you should have a good understanding of how to acquire TIRF-SIM data, and quantify the dynamics of cortical actin using image correlation spectroscopy.

6.2. Dylan Owen: Though this method can provide insight into actin dynamics during T cell activation, it can also be applied to other systems where molecular flow is important, such as during cell migration.

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.

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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