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Authors, please fill out the brief questionnaire below.   

Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N (authors, this response was changed to no since you have a digital camera attached)____ If yes, please list make and model of your microscope:  Olympus IX81 microscope - has a digital camera attached to a computer – images are projected onto the computer screen. 
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ___Y____ 
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___4.3.1 - 4.3.7_______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The whole of step 4, the visualization of the Aip1p using TIRF microscopy is the most difficult aspect. To ensure success, you have to be very careful in step 4.3.6 when focusing on the individual Aip1p foci. 

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to visualize the movement of the actin binding protein, in yeast that express a mutant actin isoform. (Intro)

This is accomplished by first making a plasmid encoding the actin-interacting protein 1, or Aip1p (pronounced as “A-i-p-one-p”), gene tagged with a 3X green fluorescent protein fluorophore. (P1)
Editors, please show P1 of Schematic.pptx as this point is narrated.  Please highlight the red Aip1 portion as “Aip1p gene” is narrated and the green 3XGFP portion as “3X green fluorescent protein fluorophore” is narrated.

The second step is to generate a yeast strain expressing only wild type or mutant actin. (P2)
Editors, please show P2 of Schematic.pptx as this point is narrated.
  
Next, the GFP tagged Aip1p plasmid is transformed into the wild type or mutant yeast strain. (P3)
Editors, as this point is narrated, please bring in the black curved arrow (labeled P3) indicating that the plasmid is going into the cell.

The final step is to image and analyze the movement of the tagged Aip1p in the wild type and mutant yeast cells. (P4)
Editors, please show P4 of Schematic.pptx as this point is narrated.

Ultimately, total internal reflection fluorescence, or TIRF, microscopy is used to show that the Aip1p moves slower in yeast expressing the R256H (pronounced as “R-two-fiftysix-H”) mutant actin than wild type actin. (P5)
Editors, please show P5 of Schematic.pptx as this point is narrated.

   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Alyson Pierick:  This method can help answer key questions in the cytoskeletal field, such as relative temporal movements of binding partners.   We first had the idea for this method, when I identified that, unlike the wild type strain, deleting Aip1p from the mutant yeast strain was lethal.  
1.1.1. MED:  Alyson speaks to the camera, interview style.
1.2. Heather Bartlett:  The main advantage of this technique over existing methods, like confocal microscopy is the enhanced contrast and imaging speed.  Generally, individuals new to this method will struggle with optimizing the microscope settings for their individual experiment because of the numerous adjustments that can be made and the subjective nature of image quality.  
1.2.1. MED:  Heather speaks to the camera, interview style.


Protocol (read by voice talent at JoVE):
2. Transforming the plasmid into yeast cells
2.1. Begin this protocol with generation of the Aip1p-GFP (pronounced as “A-i-p-one-p-G-F-P”) plasmid and mutant yeast strain as instructed in the text protocol.  
2.1.1. Title Card
2.2. Digest the plasmid with a restriction enzyme to allow integration into the yeast chromosome.
2.2.1. MED:  Talent pipettes the restriction enzyme into the tube holding the Aip1p-GFP plasmid.  Use labeled containers.   
2.3. Culture the prepared S. cerevisiae cells that are unable to synthesize uracil, overnight in 5 ml of YPD media on a wheel at 30 °C.  Spin down 1 mL of the cells for 5 minutes at 1,000 x g. 
2.3.1. CU:  Cells as the rotate on a wheel at 30 °C.  TEXT overlay:  see text for YPD recipe [Take 1 Med, take 2 CU]
2.3.2. MED-over the shoulder or MED:  Talent places tube of cells into a centrifuge, shuts lid and starts run.
2.4. Next, make the “PLATE” (pronounced as “plate”) mixture as instructed in the text protocol and filter sterilize.
2.4.1. CU:  PLATE mixture as it is filter sterilized into a labeled jar.
2.5. Decant the supernatant from the cells and resuspend the cells in the remaining liquid.  To the suspended cells, add 2 μL of 10 mg per mL salmon testes carrier DNA.  Then, add 10 μL of the digested plasmid DNA and vortex before adding 0.5 mL of PLATE and vortexing again.  Finally, add 20 μL of 1 M dithiothreitol and vortex.
2.5.1. MED:  Talent decants the supernatant from the cells and resuspends in the remaining liquid. [take 2 best]
2.5.2. CU:  Tube as talent adds 2 μL salmon testes carrier DNA from a labeled container.  Then talent adds 10 μL of the digested plasmid DNA from a labeled container.
2.5.3. MED-over the shoulder:  Talent adds 0.5 mL of PLATE, closes lid, and vortexes the tube.
2.5.4. MED:  Talent adds DTT from a labeled container, shuts the tube lid, and vortexes. 
2.6. After incubating the mixture for 6 to 8 hours at 25 °C, heat shock the cells in a water bath at 42 °C for 10 minutes.  Plate 100 μL of the cells from the bottom of the microcentrifuge tube, where they have settled out, onto a –Ura (pronounced as “minus-your-ah”) plate.  Incubate at 30 °C for 2 to 3 days or until colonies form.  	
2.6.1. CU:  Tube of cells as it is placed into a 42 °C water bath and an adjacent timer begins counting down from 10 minutes.
2.6.2. MED:  Talent removes 100 μL of the cells from the bottom of the microcentrifuge tube using a pipette and transfers to a –Ura plate.
2.6.3. MED-over the shoulder:  Talent places the plate into a 30 °C incubator.
2.7. Select individual colonies and streak out onto a –Ura plate to prepare for microscopy.  These cells contain the plasmid with the Aip1-GFP and Ura gene integrated into the chromosome. 
2.7.1. CU:  -Ura plate as talent picks a single colony.
2.7.2. MED-over the shoulder:  Talent streaks the colony out onto a new plate.
3. Visualizing Aip1p-GFP protein movement using Total Internal Reflection Fluorescence Microscopy
Editors, please use a zoom bubble to highlight the actions being performed in the SCREEN capture movies.
3.1. Grow a culture of the yeast cells with the incorporated Aip1p-GFP in YPD overnight on a wheel at 30 °C.  Subculture 1 mL of the overnight culture into 9 mL of –Ura media.  Grow the cells for an additional 3 to 4 hours on a shaker at 30 °C to ensure that they are in log growth phase.
3.1.1. CU:  Culture of the yeast cells with the incorporated Aip1p-GFP in YPD as it rotates on a wheel at 30 °C.  
3.1.2. MED:  Talent removes 1 mL of the overnight culture and transfers to a new culture of 9 mL of –Ura media.
3.1.3. MED-over the shoulder:  Talent leaves the culture in the 30 °C shaker.
3.2. Next, add 3 μL of cells to a glass microscope slide and add a coverslip.  Allow the cells to settle on the slide for 5 minutes before placing the slide in the bracket of the stage plate.
3.2.1. CU:  Glass microscope slide as talent adds 3 μL of cells and places the coverslip on top.
3.2.2. MED-over the shoulder:  Talent places the slide in the bracket of the stage plate.
3.3. Observe the Aip1p-GFP protein with a total internal reflection fluorescence, or TIRF, microscope using an oil immersion 100X TIRF objective and a digital CCD camera.  
3.3.1. MED:  Talent looks down a TIRF microscope with an oil immersion 100X TIRF objective and a digital CCD camera and observes the cells.  
3.4. To focus on the cells, open SlideBook 5.0 software and click the Focus Window button in the toolbar to access the focus controls.  Select the Scope tab and select the 100X-TIRF objective.  Turn the lamp on and slide the lamp bar to 15%.  Change the Bin setting to 2 by 2, and change “filter” to bright field.  
3.4.1. MED-over the shoulder:  Talent opens the SlideBook 5.0 software. [take 2 best]
3.4.2. SCREEN:  Screen capture movie as talent clicks the Focus Window button in the toolbar to access the focus controls.  Talent selects the Scope tab and selects the 100X-TIRF objective.  Then talent turns the lamp on and slides the lamp bar to 15%.  Talent changes the Bin setting to 2 by 2 and changes the “filter” to bright field.  
3.5. On the microscope, use the fine focus dial to bring the cells into focus as seen on the computer screen.  Using the controls within the Focus Window, turn the lamp off, change the filter to “Live,” and click the “TIRFM” button.
3.5.1. CU:  Talent adjusts the fine focus dial to bring the cells into focus.
3.5.2. SCREEN:  Screen capture movie as talent uses the controls within the Focus Window to turn the lamp off, change the filter to “Live,” and click the “TIRFM” button.
3.6. On the TIRFM illuminator attached to the right side port of the microscope, turn the laser emission to “On.”  Select the Stream tab within the Focus Window, check the box next to “Start Recording” and then click the “bright field” button.
3.6.1. MED-over the shoulder:  Talent turns the laser emission to “On” on the TIRFM illuminator attached to the right side port of the microscope.
3.6.2. SCREEN:  Screen capture movie as talent selects the Stream tab within the Focus Window, checks the box next to “Start Recording” and then clicks the “bright field” button.
3.7. On the TIRFM illuminator, turn the micrometer to adjust the incident angle of the laser.  This is used to optimize the fluorescence emission from the Aip1-GFP foci and minimize the background fluorescence from the cells and slide. 
3.7.1. CU:  Micrometer on the illuminator as talent adjusts the incident angle of the laser.  Continue action in next shot.
3.7.2. MED-over the shoulder:  Talent continues to adjust the micrometer while referencing the screen to get the desired fluorescence.
3.8. When the desired image is displayed, press “Start.”  Obtain images for 20 seconds at a rate of 5 frames per second.  After 20 seconds, press “Stop.”  Save the images.  Under the File tab on the main menu bar, select “Save Slide As” and enter the file location and name.
3.8.1. SCREEN:  Screen capture movie as talent presses “Start” and images begin to collect at 5 frames/second.
3.8.2. SCREEN:  Screen capture movie as talent presses “Stop.”  Then talent saves the images by going to the File tab on the main menu bar, selecting “Save Slide As” and entering the file location and name.
3.9. Next, use ImageJ software to analyze the images.  Use the macro plugin “Manual Tracker” to track the movement and rate of the fluorescent Aip1p foci.  Change the time interval parameter to 0.2 seconds.
3.9.1. MED-over the shoulder:  Talent opens the images in ImageJ software.
3.9.2. SCREEN:  Screen capture movie of ImageJ as talent uses the macro plugin “Manual Tracker” to track the movement and rate of the fluorescent Aip1p foci.  Talent changes the time interval parameter to 0.2 seconds.
3.10. Using the “add track” selection, select and track an individual fluorescent protein through four to eight connective frames.  Use the “end track” command, and the velocity of protein movement between each frame will display in a results window. 
3.10.1. SCREEN:  Screen capture movie as talent uses the “add track” selection to select and track an individual fluorescent protein through four connective frames.  Then talent uses the “end track” command and the velocity of protein movement between each frame display in a results window.
3.11. Determine the mean rate between each frame using a Microsoft Excel spreadsheet.  Use the values to compute the average velocity of Aip1p movement for each cell strain of interest. 
3.11.1. MED-over the shoulder:  Talent uses a Microsoft Excel spreadsheet to determine the mean rate between each frame.  
3.11.2. CU:  Screen as talent then uses the mean values to compute the average velocity of Aip1p movement.
4. Results: Quantification of fluorescently tagged Aip1p movement in wild type and mutant cells
4.1. To quantify Aip1p movement, more than 50 fluorescent Aip1p foci were tracked in more than 10 cells.  
4.1.1. Title Card.
4.2. Representative results of Aip1p movement in wild type cells are shown.  As expected, the fluorescently tagged Aip1p moves quickly across the cell and then disappears.
4.2.1. LAB MEDIA:  WT_Aip1p_track movie – Authors, please provide a movie of this track including the blue arrow.
4.3. In cells expressing the R256H mutant actin, Aip1p has less movement compared to wild type cells. 
4.3.1. LAB MEDIA:  R256H_Aip1p_track movie – Authors, please provide a movie of this track including the red arrow.
4.4. Aip1p is tracked using ImageJ to quantitatively map the movement of the protein. Aip1p ranges across the cell in the wild type strain… but moves only in a restricted region in the mutant actin strain.
4.4.1. LAB MEDIA:  CellTrack – Authors, please upload a separate image of the track panels with the wildtype track on top and the mutant track on the bottom.  Editors, please highlight the top panel as “wild type strain” is narrated and the bottom panel as “mutant actin strain” is narrated.
4.5. The average velocity was calculated for each fluorescent Aip1p area.  In wild type cells, the average speed of the movement of Aip1p in wild type cells is 1.60 plus or minus 0.42 microns per second. 
4.5.1. LAB MEDIA:  Figure 3B – Authors, please upload a separate image of 3B without the B label.  Editors, please slightly zoom into the WT cluster to bring it to center during the second sentence.  Then highlight the blue bar as the last sentence is narrated.
4.6. Cells expressing the R256H mutant actin, known to have abnormal morphology of the actin cytoskeleton, have an altered Aip1p phenotype.  In the mutant strain, Aip1p movement is restricted and slower.  The average speed of Aip1p movement is 0.88 plus or minus 0.30 microns per second.   
4.6.1. LAB MEDIA:  Figure 3B.  Editors, please bring the R256H cluster to center.  Then highlight the red bar as the last sentence is narrated.

5. Conclusion (said by authors on camera)
5.1. Alyson Pierick:  After watching this video, you should have a good understanding of how to image cytoskeletal proteins using TIRF microscopy.  While attempting this procedure, it’s important to remember to not let the cells dry out or photobleach.
5.1.1. MED: Alyson speaks toward camera, interview style.
       

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.

Schematic.pptx
WT_Aip1p_track movie – Authors, please provide a movie of this track including the blue arrow.
R256H_Aip1p_track movie – Authors, please provide a movie of this track including the red arrow.
Cell_Track – Authors, please upload a separate image of the track panels with the wildtype track on top and the mutant track on the bottom.  
Figure 3B – Authors, please upload a separate image of 3B without the B label.  
[bookmark: _GoBack]SCREEN Capture Movies:
51551_Bartlett_SCREEN_3.4.2:  Screen capture movie as talent clicks the Focus Window button in the toolbar to access the focus controls.  Talent selects the Scope tab and selects the 100X-TIRF objective.  Then talent turns the lamp on and slides the lamp bar to 15%.  Talent changes the Bin setting to 2 by 2 and changes the “filter” to bright field.  
51551_Bartlett_SCREEN_3.5.2:  Screen capture movie as talent uses the controls within the Focus Window to turn the lamp off, change the filter to “Live,” and click the “TIRFM” button.
51551_Bartlett_SCREEN_3.6.2:  Screen capture movie as talent selects the Stream tab within the Focus Window, checks the box next to “Start Recording” and then clicks the “bright field” button.
51551_Bartlett_SCREEN_3.8.1:  Screen capture movie as talent presses “Start” and images begin to collect at 5 frames/second.
51551_Bartlett_SCREEN_3.8.2:  Screen capture movie as talent presses “Stop.”  Then talent saves the images by going to the File tab on the main menu bar, selecting “Save Slide As” and entering the file location and name.
51551_Bartlett_SCREEN_3.9.2:  Screen capture movie of ImageJ as talent uses the macro plugin “Manual Tracker” to track the movement and rate of the fluorescent Aip1p foci.  Talent changes the time interval parameter to 0.2 seconds.
51551_Bartlett_SCREEN_3.10.1:  Screen capture movie as talent uses the “add track” selection to select and track an individual fluorescent protein through four connective frames.  Then talent uses the “end track” command and the velocity of protein movement between each frame display in a results window.


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.
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