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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.3., 2.4., 2.7., 2.8., 3.3., 3.4.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.3. and 3.4.

E.  Will the filming need to take place in multiple locations? N
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 procedure is to observe the movement of fluorescently-tagged proteins on plant cell surfaces with variable-angle epifluorescence microscopy. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Takumi Higaki: This method can help answer key questions in the plant cell biology field, such as how do proteins work on plant cell surfaces?
1.2. Takumi Higaki: The main advantage of this technique is that it allows us to visualize the real-time dynamics of fluorescently-tagged proteins.

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

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

Protocol (read by voice talent at JoVE):

2. Cotyledon specimen sky drop mounting
2.1. Before beginning the procedure, calibrate the laser centering and focusing of the microscope according to the manufacturer’s instructions [2.1.1.-WIDE].

2.1.1. Few seconds Talent calibrating laser, with microscope manual visible if possible OR Few seconds Talent reading manual while standing next to microscope

2.2. Then use an objective lens-free light path to locate the center of the microscopy room ceiling [2.2.1.-MED/WIDE] and mark the position with a colored seal [2.2.2.-CU].

2.2.1. Few seconds center being located (Videographer: Best shot)

2.2.2. Position being marked 

2.3. Next, illuminate the ceiling with an objective lens [2.3.1.-MED/WIDE] and move the illuminated region to the center position [2.3.2.-CU].
2.3.1. (Videographer: Best shot)
2.3.2. Few seconds illuminated region moving into place over colored seal 
2.4. Then focus the laser [2.4.1.-MED] and fine-tune the position of the laser to the center of the ceiling [2.4.2.-CU].
2.4.1. Few seconds Talent focusing laser

2.4.2. Few seconds laser coming into position

2.5. Takumi Higaki: “The centering and focusing of the laser is very important for a successful variable-angle epifluorescence microscopy, or VAEM, observation. Users should be trained by a professional staff person from the microscope company before starting an experiment.” [2.5.1.-MED: Spoken by Talent, interview style (looking just off camera)]
2.5.1. Takumi Higaki, speaking the above, interview style
2.6. When the microscope is ready, dispense 30 microliters of basal buffer onto the center of a 76 x 26 millimeter glass slide [2.6.1.-MED-over the shoulder-TXT].

2.6.1. Talent adding buffer to slide, with buffer container label visible in frame if possible (TEXT: See text for all media/reagent preparation details)

2.7. Then use dissecting scissors to remove a cotyledon from a 7-day-old seedling [2.7.1.-CU] and float the cotyledon with the observation side up on the basal buffer drop [2.7.2.-CU].
2.7.1. Few seconds cotyledon being removed

2.7.2. Few seconds cotyledon being placed observation side up in drop 

2.8. Next, add 30 microliters of basal buffer onto the center of an 18 x 18 millimeter cover glass [2.8.1.-CU] and turn the cover glass upside down gently [2.8.2.-CU]; surface tension will prevent the drop from falling [2.8.3.-ECU].
2.8.1. *Film as written

2.8.2. *Film as written

2.8.3. Shot of drop held in place by surface tension 
2.9. Holding the cover glass with tweezers on one edge [2.9.1.-CU], place the opposite edge onto the glass slide so that the buffer is over the cotyledon [2.9.2.-CU].
2.9.1. Coverslip being grasped with tweezers

2.9.2. *Film as written
2.10. Then, keeping the edge of the cover glass on the slide, adjust the position of the drop so that it is directly above the cotyledon sample [2.10.1.-CU] and drop the cover glass [2.10.2.-CU].
2.10.1. *Film as written

2.10.2. *Film as written

2.11. If there are no air bubbles, use lint-free tissues to wipe off the excess buffer [2.11.1.-CU] and immediately transfer the preparation to the microscope [2.11.2.-MED].

2.11.1. Few seconds buffer being wiped

2.11.2. Talent placing slide on microscope stage
3. Variable-angle epifluorescence microscopy (VAEM) observation and movie acquisition​

3.1. Using bright field illumination, select the cells for observation [3.1.1.-WIDE].
3.1.1. Talent at microscope, selecting cells
3.2. Next, confirm that the fluorescent protein can be observed [3.2.1.-MED-over the shoulder] and use epifluorescence illumination to set the z-axis position at the cell surface [3.2.2.-SCREEN].

3.2.1. Talent at microscope, checking for fluorescence, with fluorescence visible on screen

3.2.2. *To be provided by Authors screen_higaki_01.avi (in time 00:00-00:05)
3.3. To perform VAEM (Pronounce: V-A-E-M), use the controller box to incline the entry angle of the laser beam gradually [3.3.1.-MED] while monitoring the live image carefully [3.3.2.-MED]. Initially, the image will appear blurred [3.3.3.-SCREEN].

3.3.1. Few seconds Talent inclining entry angle of laser

3.3.2. Talent checking objective

3.3.3. *To be provided by Authors screen_higaki_01.avi (in time 00:05-00:09)
3.4. As the laser angle increases, the VAEM image will become less blurry [3.4.1.-SCREEN], eventually producing a clear image [3.4.2.-SCREEN]. At this point, stop increasing the laser angle [3.4.3.-MED-TXT].

3.4.1. *To be provided by Authors 3.4.1 and 3.4.2 - screen_higaki_01.avi (in time 00:09-00:16)
3.4.2. *To be provided by Authors 
3.4.3.  Talent removing hand from controller box (TEXT: If fluorescence lost, decrease to shallower angle).

3.5. Now fine-tune the laser entry angle to obtain a better image [3.5.1.-SCREEN-TXT], adjusting the optical and image sensor parameters as necessary [3.5.2.-SCREEN].
3.5.1. *To be provided by Authors (TEXT: Optional: Fine-tune z-axis position) screen_higaki_02.avi (in time 00:00-00:03)
3.5.2. *To be provided by Authors screen_higaki_02.avi (in time 00:06-00:10)
3.6. Then, using the commercial microscope software, acquire a movie as a multi-page TIFF image file [3.6.1.-MED-over the shoulder]. Here, the movie shows GFP-labeled dots blinking on the surface of stomatal cells [3.6.2.-SCREEN].
3.6.1. Few seconds Talent at computer, acquiring movie

3.6.2. *To be provided by Authors
4. GFP-labeled dot residence time quantification by kymograph analysis
4.1. To quantify the GFP-labeled dot residence time using Fiji (TEXT: http://fiji.sc/Fiji) [4.1.1.-WIDE], go to the “File-Open” menu, and  open the acquired multi-page TIFF file. [4.1.2.-SCREEN] Use the “Straight Line Selection Tool” to place a line on the site of interest [4.1.3.-SCREEN].

4.1.1. Few seconds Talent at computer, opening Fiji

4.1.2. *To be provided by Authors

4.1.3. *To be provided by Authors

4.2. Next, use the “Image-Stacks-Dynamic Reslice” plugin to generate a kymograph image [4.2.1.-SCREEN]. As the line changes, the kymograph image will change dynamically [4.2.2.-SCREEN].
4.2.1. *To be provided by Authors
4.2.2. *To be provided by Authors 

4.3. Save the image as a TIFF file under the “File-Save As-Tiff” menu [4.3.1.-SCREEN].

4.3.1. *To be provided by Authors 

4.4. Then, to perform a noise reduction, go to the “Process-Filters-Gaussian Blur” menu, and apply a Gaussian filter to the kymograph images [4.4.1.-SCREEN]; the “Sigma Radius” parameter should be tuned as necessary [4.4.2.-SCREEN].

4.4.1. *To be provided by Authors
4.4.2. *To be provided by Authors
4.5. Using the “Image-Adjust-Threshold” tool, segment the signal regions by thresholding [4.5.1.-SCREEN] and open the “Analyze-Set Measurements” menu [4.5.2.-SCREEN].
4.5.1. *To be provided by Authors
4.5.2. *To be provided by Authors
4.6. Next, check the “Bounding rectangle” in the “Set Measurements” window, selecting the minimum number of pixels possible [4.6.1.-SCREEN].
4.6.1. *To be provided by Authors 

4.7. Then, under the “Analyze-Analyze Particles” menu, measure the time of the dot of interest against the y-axis and check the “Display results” and “Add to Manager” boxes to view the data values [4.7.1.-SCREEN].
4.7.1. *To be provided by Authors
4.8. Finally, under the Results table menu, select “File-Save As” [4.8.1.-SCREEN] and process the dataset of dot image durations using the appropriate analysis software [4.8.2.-SCREEN].
4.8.1. *To be provided by Authors
4.8.2. *To be provided by Authors
5. Results: Representative GFP-PATROL1 dot residence time analysis by kymography
5.1. Here the residence times of 185 GFP-PATROL1 (Pronounce: G-F-P-patrol-one) dots from 12 independent subsidiary cells in A. thaliana cotyledons as measured by kymograph analysis are shown [5.1.1.-LM].
5.1.1. Higaki_Figure_4.pdf: no animation

5.2. As illustrated in the graph, the fitted density function revealed that most of the GFP-PATROL1 dots were resident in a subsidiary cell for between 2 and 10 seconds [5.2.1.-LM], with a peak of around 3.5 seconds [5.2.2.-LM]. This suggests a fast exocytosis-endocytosis of the proton pumps on the subsidiary cell surface [5.2.3.-LM].
5.2.1. Higaki_Fig4E.tif: please highlight/indicate red data line from where it crosses top of 0 data box until it crosses right side of data box immediately left of 10

5.2.2. Higaki_Fig4E.tif: please indicate peak of red data line

5.2.3. Higaki_Fig4E.tif: no animation
6. Conclusion (said by authors on camera)
6.1. Takumi Higaki: After watching this video, you should have a goo understanding of how to visualize and quantify fluorescently-tagged protein dynamics on plant cell surfaces using variable-angle epifluorescence microscopy.

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.  

Higaki_Figure_4.pdf

Higaki_Fig4E.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 are included in the email accompanying the finalized script.
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