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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) Y
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
2.5, 2.7, 2.11, 3.1, 3.8, 3.9
4. 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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
In step 3.9, it is critical to be fast in finding double-transfected cells and starting image acquisition. Brightfield helps to maintain the viability of the cells during positioning.
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 15m


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.
 
1.1. Antonio Virgilio Failla: The presented method can help to elucidate the role of proteins during initiation and maturation of adhesion complexes in the context of a forming actin cytoskeletal network. 


1.2. Antonio Virgilio Failla: Advanced SpinningDisk-TIRF microscopy allows fast three-dimensional visualization of dynamic cellular processes and, at the same time, precise localization of the membrane-associated molecules can be detected with a high signal-to-background ratio. 


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.  

1.3. Bernd Zobiak: This method can provide insight to areas of microbiology, cell biology, and all possible branches of research that study interaction between the cell and its environment.

1.4. Bernd Zobiak: This method can be extended to live imaging experiments where it is crucial to localize structures at the plasma membrane albeit maintaining high spatial resolution of the remaining cellular volume. 

1.5. Bernd Zobiak: The main challenges with this technique are the choice of a proper cell line, setup of the TIRF illumination and proper imaging parameters, and finding the focal plane of the double-transfected cells for image acquisition. 

1.6. Bernd Zobiak: The visual demonstration of this protocol will help to avoid problems with the handling of the cells and the technical equipment.
 




Section - Protocol
(Editor: The authors did not track their change when making their postshoot notes. I have done my best to interpret exactly how they changed things, but some things were unclear in their notes. I’ve marked where things are unclear along with my best interpretation.)
2. Cell Preparation 
2.1. Two days prior to the experiment [2.1.0, seed 300,000 HeLa or NIH-3T3 cells [1] in 2 mL of full growth medium into each well of a 6-well cell-culture plate. [2]
2.1.0. [Added Shot]: EST. Talent arrives at bench (Editor: I’m unsure of how this shot is slated.)
2.1.1. MED: Talent works pipettes cells in hood 
2.1.2. CU: Talent pipettes cells into 6-well plate
2.2. The next day, prepare the transfection reagents. First, dilute 1 microgram of RFP-Lifeact and 1 microgram of YFP-Vinculin [1] in a total of 200 microliters of reduced serum medium [1] [2.2.2]. 
2.2.1. CU: Talent adds reagents to medium reaction tube and then adds 200 microliters of reduced serum medium to the reaction tube.
2.2.2. [Added Shot]: CU: Talent adds 200 microliters to reaction tube.
2.3. Vortex the transfection reagent briefly. [1] Then, add 4 microliters of the mixture to 200 microliters DNA. [2] Vortex the reagents again and then incubate the transfection mix for 15-20 minutes at room temperature. [3]
2.3.1. CU: Talent vortexes the sample
2.3.2. CU: Talent adds mixture to DNA
2.3.3. MED: Talent briefly vortexes the sample and sets it aside to incubate
2.4. After incubation, add the entire transfection mix dropwise directly to the cells. [1] Mix the wells by shaking the plate [2] and then place it back into the incubator. [2] [2]
2.4.1. CU: Talent adds drops to cell culture
2.4.2. MED: Talent gently shakes the plate 
2.4.3. [Added Shot]: MED: Talent sets it into the incubator
2.5. On the day of the experiment, prepare the sample for live imaging [1] by first coating a 35 millimeter glass bottom dish with a 10 microgram per milliliter solution of fibronectin in PBS.[2]
2.5.1. MED: Talent working at hood uncovers a 35 mm dish
2.5.2. CU: Talent adds solution to the plate and ensures it covers the entire bottom
2.6. Leave the solution on the glass surface for 30 minutes at room temperature, then remove it and let the dish air-dry.[1]
2.6.1. MED: Talent removes the solution from the dish and sets it aside to dry
2.7. Next, dilute a 0.1 micron diameter multi-fluorescent beads solution to a density of 1.8 billion particles per milliliter in distilled water. [1] Add the solution to the fibronectin-coated glass surface for 30-60 seconds [2-TXT]. Then, remove the solution and let the dish air-dry. [2-TXT] [3]
2.7.1. CU: Talent dilutes the beads as described
2.7.2. CU: Talent adds solution to the dish surface, waits a few seconds. TEXT: 30-60 sec.
2.7.3. [Added Shot]: Talent removes the solution
2.8. Bernd Zobiak: Precoating the dish with fluorescent beads is necessary only if the TIRF plane should be found before seeding cells and/or to acquire a 2-color reference image for bead-based image registration. [1]
2.8.1. INTERVIEW: Talent says the statement above in an interview-style shot, looking slightly off-camera.   
2.9. Now, prepare an anti-oxidizing growth medium by adding 0.1 molar ascorbic acid solution at a final concentration of 0.1 micromolar in growth medium. [1-TXT] Prewarm the media by placing it in a 37 degree Celsius water bath. [2]
2.9.0. [Added Shot]: CU: Talent adds acid to tube (Editor: I’m unsure of how this shot is slated. I’m also not exactly sure where the author wants this shot. I imagine this action takes place right before 2.9.1. If the actions between this and 2.9.1 appear to flow well into each other, this can be used during the VO intended for 2.9.1 right before that shot)
2.9.1. Talent prepares the growth medium TEXT: Use phenolred-free and (ribo-) flavin-reduced medium
2.9.2. MED: Talent places the media in the water bath
2.10. Next, wash the cells with 2 milliliters of PBS [1] and add 250 microliters of Trypsin-EDTA to each well of the plate. [1] [2.10.1A] Incubate the cells at 37 degrees Celsius and wait 2 to 3 minutes until the cells are fully detached.  [2]
2.10.1. MED: Talent adds, washes and removes PBS 
2.10.1A. [Added Shot]: MED: Talent adds Trypsin to each well (Editor: I’m unsure of how this shot is slated.)
2.10.2. MED: Talent places the plate into the incubator
2.11. Resuspend the cells carefully in 1 milliliter of pre-warmed anti-oxidizing growth medium and add them to an additional 4 milliliters of the medium in a 15 milliliter cell culture tube. [1]
2.11.1. MED: Talent suspends cells and then adds to the 15 mL culture tube
2.12. Place the cell suspension with a slightly opened lid in an incubator set to 37 degrees Celsius buffered with 5 percent carbon dioxide. [1]
2.12.1. MED: Talent places cell suspension into incubator
3. Live Cell Imaging
(Editor: The authors wanted the full name for TIRF said instead of the abbreviation. However, saying total internal reflection fluorescence each time will be too cumbersome for the VO as written, so I’ve provided a guide for the proper pronunciation of the abbreviation)
3.1. To begin, start the environmental control of the microscope to achieve stable cell culture conditions.[1]  Then, place the glass bottom dish containing 1 milliliter of pre-warmed anti-oxidizing growth medium into the sample holder of the pre-heated microscope.[2]
3.1.1. MED: Talent turns on the environmental chamber
3.1.2. CU: Talent places the glass bottom dish into the sample holder
3.2. Next, in the imaging software, [1] set up the acquisition settings at the microscope. Set the acquisition time-interval to 30 seconds and the duration to between 60 and 90 min.  Also, activate the auto-focusing function of the hardware-based auto-focus for every time point by setting the value to 1. [2]
3.2.1. MED Over the Shoulder: Talent opens software while sitting at computer
3.2.2. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.3. Now, adjust the camera exposure to 200 milliseconds, the gain level to 500, and the laser power to 20 percent for every channel. High gain levels, low exposure time, and low laser power are recommendable to reduce photo-toxicity. [1-TXT]
3.3.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page. TEXT: Excitation intensity (488 nm): 0.5 W/cm²; Excitation intensity (561 nm):1 W/cm²
3.4. Next, set the z-stack for the spinning-disk channels to 10 microns with 0.4 micron spacing and de-activate the z-stacks for the TIRF (pronounced like “turf”) channels.  Then, set the bottom-offset to zero so that the lowest plane will be the focus position of the hardware auto-focus. [1]
3.4.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.5. Finally, activate the multi-point function, stage positions.  This will allow for up to 3 positions to be recorded over a 30 second interval. [1]
3.5.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.6. Now, find the fluorescent beads with epi-fluorescent illumination, activate one TIRF channel, and set the illumination angle to a value that denotes TIRF illumination. [1]
3.6.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.7. Next, activate the auto-focus by pushing the button at the microscope panel and adjust the focus with the offset wheel. [1] Once in focus, acquire a 2-color dataset using TIRF-488 and TIRF-561, for subsequent bead-based image registration. [2]
3.7.1. MED: Talent pushes the button and adjusts the focus as described.
3.7.2. SCREEN: To be provided by the authors – Talent acquires a 2-color data set Authors, please upload this screen capture to your project page.
3.8. Remove the cells from the incubator and mix the cell suspension by inverting the closed tube 2-3 times.  [1] Then, apply 1 milliliter of the cells to the imaging dish.[2]
3.8.1. MED: Talent inverts the tube a few times
3.8.2. CU: Talent adds 1 mL of cells to the imaging dish
3.9. Quickly find double-transfected cells with low level epi-fluorescent illumination. Once found, center the cells in the live camera preview using bright field illumination and mark the position. Then, find an additional 1 to 2 points of interest, save them to the positions list, and begin data acquisition by clicking on the Sequence button. [1]
3.9.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.10. Bernd Zobiak: “At the beginning, the cells easily can detach due to stage movement, hence set 4-5 positions and re-check all before starting image acquisition. Afterwards, discard 1-2 positions.” [1]
3.10.1. INTERVIEW: Talent says the statement above in an interview-style shot, looking slightly off-camera.   
4. Image Post-processing in ImageJ
4.1. In order to generate a registration-free hyperstack in FIJI (pronounce like Fiji islands), first download and save the provided file SD-TIRF_helper_JoVE.ijm in the FIJI sub-folder Macros.  Run the macro by clicking on the menu command starting with Plugins, then Macros, and finally Run.[1]
4.1.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
4.2. If the color channels need registration correction, select the option and create a new bead-based registration reference, known as a landmark file. [1]
4.2.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
4.3. Next, import the data with the bio-formats importer and choose hyperstack as a viewing option. Load the image dataset, select the SpinningDisk-series in the first step, and the TIRF-series in the second step.  At this point, FIJI will display the data sorted by channel and stage position. [1]
4.3.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
4.4. Apply the registration correction to the respective channels by loading the pre-determined landmark file.  Then, select the desired color look-up table for every SpinningDisk  and TIRF channel and merge them into a single, multi-dimensional hyperstack. [1]
4.4.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
4.5. Bernd Zobiak: “During processing of the TIRF channels, a number of z-planes with zero intensity values are added on top of the bottom plane that matches with the number of z-planes in the SpinningDisk dataset. This step is important for the visualization of the final hyperstack.” [1]
4.5.1. INTERVIEW: Talent says the statement above in an interview-style shot, looking slightly off-camera.   




[bookmark: _GoBack]Section – Results
5. Results: Cell Spreading and Adhesion Formation using SpinningDisk-TIRF Microscopy  
5.1. Using the setup described in this video, YFP and RFP-expressing cells were selected and their adhesion process observed during a 60 minute time-lapse. As expected, cells were round-shaped and only weakly adherent at the beginning, whereas membrane protrusions were sensing the environment and making contact with the substrate. [1]
5.1.1. LABMEDIA: Figure 2a - Video Editor: Show the XY images of 0 min, 2 min, and 4.5 min images with time labels from left to right across the screen. 
5.2. Cell-matrix contacts strengthened quickly upon formation of so-called nascent adhesions.[1] 
5.2.1.  LABMEDIA: Figure 2a - Video Editor: Show the XY images of 0 min, 2 min, and 4.5 min images with time labels from left to right across the screen. Highlight the green portions by removing all red from the images.
5.3. Over the course of time, adhesion complexes enlarged and matured to focal adhesions. These elongated structures were predominantly apparent at the periphery of the cell.[1]
5.3.1. LABMEDIA: Figure 2a - Video Editor: Show the XY images of 12 min, 24.5 min, and 45 min images with time labels from left to right across the screen. Highlight the green portions by removing all red from the images.
5.4. This resulted from forces that were exerted by acto-myosin fibers which induced the strengthening of cell-matrix adhesions as well as the bundling of actin fibers.[1]
5.4.1. LABMEDIA: Figure 2b
5.5. The cell also flattened as a result of the actin network formation.[1]
5.5.1. LABMEDIA: Figure 2a - Video Editor: Show the XZ images of 0 min, 2 min, 4.5 min, 12 min, 24.5 min, and 45 min images with time labels in 2 rows (3 across) from left to right across the screen.





Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. Bernd Zobiak: The acquisition speed is strictly dependent on the parameters time interval, camera exposure, number of z-planes, and number of positions. These have to be optimized for high imaging rates. (Step: 3.2, 3.3, 3.4, 3.9)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Antonio Virgilio Failla: Super-resolution SpinningDisk microscopy in spatially more confined regions would reveal sub-cellular structures with 100nm optical resolution. This might allow super-resolution imaging in living specimens to investigate processes with high temporal resolution.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Antonio Virgilio Failla: The presented setup finally allows live SpinningDisk-TIRF imaging at sufficiently high acquisition rates. Experiments investigating 3D vesicle dynamics at rates of 3.5 seconds per large image stack have been demonstrated. 
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
6.4. Bernd Zobiak: Collimated laser light is hazardous for the eyes. Never look directly into the beam and use the instrument’s safety precautions to avoid a direct light exposure. 
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