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A. Microscopy: Does your protocol require JoVE to film through your microscope? No
B. Does your protocol include software usage? 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? 
2.1., 2.5.-2.7., 3.1.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4. The most difficult aspect of this procedure is aspirating all but the very small pellet of cells at the bottom of the microfuge tube.  This must be done very carefully to prevent also aspirating the cells. 
E. Will the filming need to take place in multiple locations? Y, same building different floors
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 stain the polysaccharide capsule of C. neoformans strains for the visualization and measurement of the capsule diameter. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. David Nelson: These methods can help researchers in the induction, imaging, and measurement of the capsule diameter in C. neoformans.
1.2. David Nelson: The main advantage of the staining and imaging techniques is that they are simple, fast, and allow for accurate measurement of the capsule diameter.
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Erin McClelland: Visual demonstration of this method is critical, as the software steps may be confusing when using it for the first time.  
1.4. Tiffany Guess: Diameter of the C. neoformans capsule is often used as a measure of virulence and the ability to automate the process can save significant analysis time.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Protocol: (read by voice talent at JoVE)
2. Capsule Induction and Yeast Cell Staining
2.1. To induce capsule production, first incubate a C. neoformans colony in yeast peptone dextrose broth [1-WIDE] at 37 °C with shaking for 18-36 hours until the culture is in log phase [2-MED].
2.1.1. Few seconds Talent adding colony to broth
2.1.2. Talent placing culture onto shaker
2.2. At the end of the culture, pellet the yeast by centrifugation [1-MED-over the shoulder-TXT] and wash the yeast three times in PBS [2-MED].
2.2.1. Talent placing tube(s) into centrifuge (TEXT: 5 min, 870 x g, 21 °C)
2.2.2. Few seconds Talent adding PBS to tube, with PBS container and centrifuge visible in frame
2.3. After the last wash, resuspend the yeast at a 2 x 105 cells/2 mL of DMEM (Pronounce: D-M-E-M) concentration [1-CU-TXT] and incubate the culture at 37 °C and 5% CO2 for 18 hours [2-MED].
2.3.1. Shot of yeast pellet, then few seconds pellet being resuspended yeast cell suspension, with medium container label visible in frame (TEXT: See text for all medium/reagent preparation details)  (Author Comment: There is no pellet at this stage. Text was changed accordingly)
2.3.2. Talent placing culture into incubator
2.4. The next day, collect the cells by centrifugation [1-MED] and remove all but the last 10 microliters of the supernatant [2-CU-TXT].

2.4.1. Talent placing tube(s) into centrifuge 

2.4.2. Shot of pellet if visible, then few seconds supernatant being aspirated (TEXT: Caution: Pellet will be very small/do not vacuum aspirate supernatant)
2.5. To stain the yeast with India ink, resuspend the pellet in the remaining supernatant [1-ECU] and transfer 4 microliters of the cell suspension [1-MED-over the shoulder] and 4 microliters of India ink onto a glass microscope slide [2-CU].

2.5.1. Few seconds pellet being resuspended

2.5.2. Few seconds Talent adding cells to slide

2.5.3. Few seconds ink being added to slide, with ink container label visible in frame if possible

2.6. Gently mix the resulting solution without creating bubbles [1-ECU]. Then place a #1.5 thickness, 13-mm glass coverslip over the cell sample [2-CU] and seal the edges with a non-toxic sealant [3-ECU].
2.6.1. Few seconds solution being mixed

2.6.2. Few seconds coverslip being placed

2.6.3. Few seconds one edge being sealed 

2.7. To stain the yeast with a fluorescent dye, resuspend the overnight culture pellet in 50 microliters of PBS supplemented with 1% bovine serum [1-MED] and incubate the cells in 55-60 microliters of Calcofluor white [2-CU] and AlexaFluor488-conjugated capsule monoclonal 18B7 (Pronounce: eighteen-B-seven) antibody for 30 minutes at 37 °C [3-CU].
2.7.1. Few seconds Talent adding PBS + BSA to pellet, with PBS + BSA container visible in frame

2.7.2. Few seconds Calcofluor white being added to cells, with Calcofluor white container label visible in frame

2.7.3. Few seconds antibody being added to tube, with antibody container label visible in frame

2.8. At the end of the incubation, collect the cells by centrifugation [1-MED-TXT] and resuspend the pellet in 10 microliters of PBS plus bovine serum albumin [2-CU].

2.8.1. Talent placing tube(s) into centrifuge (TEXT: 5 min, 870 x g, 21 °C)

2.8.2. Shot of pellet if visible, then few seconds cells being resuspended, with PBS + BSA container label visible in frame

2.9. Then transfer 8 microliters of cells onto a glass microscope slide [1-MED-over the shoulder], cover the cell sample with a #1.5 thickness, 13-mm glass coverslip [2-CU], and seal the edges with a non-toxic sealant [3-ECU].
2.9.1. Few seconds Talent adding cells to slide

2.9.2. Few seconds coverslip being placed

2.9.3. Few seconds edge being sealed

2.10. To stain the yeast with both dyes, first incubate the cells with a fluorescent capsule and cell wall stain as just demonstrated [1-MED].
2.10.1.  Few seconds Talent adding stain to cells, with stain container visible in frame

2.11. Then add 4 microliters of fluorescently-stained cells [1-CU] and 4 microliters of India ink onto a glass slide [2-ECU] and place a sealed coverslip over the fungal cell sample as demonstrated [3-CU].
2.11.1.  Few seconds cells being added to slide

2.11.2.  Few seconds ink being added to slide

2.11.3.  Few seconds coverslip being placed

3. Image Acquisition
3.1. To image the cells by light microscopy, select the 100X objective [1-WIDE] and image at least 50, non-overlapping cells per condition with exposure times optimized to maximize the image contrast while minimizing the blur caused by small cell movements [2-MED-over the shoulder-TXT].
3.1.1. Talent selecting objective

3.1.2. Few seconds Talent imaging cells, with monitor visible in frame (TEXT: Negative control: non-capsule induced yeast)

3.2. To image the cells by fluorescence microcopy, open the microscope imaging software [1-MED] and select the appropriate excitation and emission wavelengths for the fluorophores used [2-SCREEN-TXT].
3.2.1. Few seconds Talent opening software, with monitor visible in frame
3.2.2. *To be provided by Authors: Few seconds wavelengths being selected (TEXT: e.g. CFW: 405 nm; AF488: 488 nm)
3.3. In the “z-stack” control panel, select the “First-Last” option [1-SCREEN].

3.3.1. *To be provided by Authors: Few seconds First-Last option being selected
3.4. Using the fine-focus control on the microscope, first focus below the widest point of the cell body of a single yeast cell and the capsules for all of the cells within the current field of view and click “Set First”. Next, use the fine-focus control to focus above the widest point of the cell body of the same cell and of the capsule for all of the cells within the current field of view and click “Set Last” [1-SCREEN].

3.4.1. *To be provided by Authors: Few seconds focusing below widest part of cell body and capsules, then Set First being clicked, followed by focusing above widest part of cell body and capsules, then Set Last being clicked (Author Comment: The original 3.5 was merged with 3.4 as this worked better for screen recording. 3.6 then became 3.5.) (Editor: I’ve used the authors’ new shotlist numbering throughout because they seem to have renumbered these on purpose, and provided screen captures corresponding to the NEW numbering)
3.5. [1-SCREEN].

3.5.1. *To be provided by Authors: Few seconds focusing above widest part of cell body and capsules, then Set Last being clicked
3.5. Then open the Acquisition tab and click “Start Experiment” to acquire the z-stack for the current position [1-SCREEN-TXT].
3.5.1. *To be provided by Authors: Acquisition tab being opened, then Start Experiment being clicked/few seconds z-stack being acquired (TEXT: Repeat z-stack acquisition (50 cells)
4. Capsule Measurement
4.1. To manually measure the capsule and cell diameters, open an appropriate cell measurement program [1-WIDE] and select the image to be measured [2-SCREEN].
4.1.1. Few seconds Talent opening measurement program, with monitor visible in frame

4.1.2. *To be provided by Authors: Few seconds image being selected
4.2. Select “Measure” and use the cursor to draw a straight line through the widest point of the whole cell to measure the total cell diameter [1-SCREEN].
4.2.1. *To be provided by Authors: Measure being selected, then few seconds line being drawn
4.3. Click “Measure” again and draw a straight line through the cell body to measure the cell body diameter and open the next cell [1-SCREEN-TXT].
4.3.1. *To be provided by Authors: Measure being clicked, then few line seconds line being drawn (TEXT: Measurements auto-saved onto cells), then next cell being opened (TEXT: Repeat (50 cells/condition)
4.4. When all of the cells have been measured, save the images [1-SCREEN].

4.4.1. *To be provided by Authors: Few seconds image(s) being saved

4.5. For automated measurement of the capsule and cell diameters, first open an appropriate image-editing program [1-MED-over the shoulder] and invert all of the India ink-stained cell images [2-SCREEN].

4.5.1. Few seconds Talent opening program, with monitor visible in frame

4.5.2. *To be provided by Authors: Few seconds image(s) being inverted

4.6. Next, to import both the original and inverted images into the cell measurement software, open the “File” menu in the measurement program and select “Import Sequence”, “Load Image”, “Define Sequence Manually”, “Dimensions Channel”, “Import” and “Apply” [1-SCREEN].

4.6.1. *To be provided by Authors: File being opened, then few seconds Import Sequence, Load Image, Define Sequence Manually, Dimensions Channel, Import and Apply being selected

4.7. To detect and mask the cell body, select the “Colony Analyzer Fluorescence” protocol for the first inverted image of interest and click “Apply”. [1-SCREEN].
4.7.1. *To be provided by Authors: Colony Analyzer Fluorescence being selected, the Apply being clicked., then shot of dark ring becoming brighter than surrounding capsule
4.8. Select the “Colony Analyzer Fluorescence” protocol again to segment the inverted C. neoformans cell body images from their capsules and click “Apply” again to create a count mask [1-SCREEN].
4.8.1. *To be provided by Authors:  Colony Analyzer Fluorescence being selected/shot of inverted cell body being segmented, then Apply being clicked/count mask being created 
4.9. Right-click to rename the count mask “Cell Body” and use the “Cell Proliferation” protocol on the original image to detect and mask the capsule [1-SCREEN].
4.9.1. *To be provided by Authors: Few seconds mask being renamed, then protocol being selected and capsule being masked

4.10. Click “Apply” to create a count mask for the original image and rename the count mask “Capsule” [1-SCREEN].

4.10.1.  *To be provided by Authors: Apply being clicked, then few seconds mask being renamed
4.11. To create a new mask over the original image to partition the adjacent capsules from one another, select “Capsule Partition” and “Capsule” for the Capsule Region [1-SCREEN].
4.11.1.  *To be provided by Authors: Few seconds Capsule Partition and Capsule being selected/new mask being created
4.12. To export the data, click on “Spreadsheet”, then click on the “Export to Spreadsheet” icon. Select the measurements that you wish to export, and then finally, save the data. [1-SCREEN].
4.12.1.  *To be provided by Authors: Few seconds clicking on “Spreadsheet” button to display data and then a few seconds exporting the data. (Author Comment: 4.12 and 4.13 were not correct so these were removed and we replaced 4.12 with a description and screen recorded video of data export)
4.13. [SCREEN]

5. Results: Representative Capsule Measurement
5.1. A capsule size increase is apparent in most strains post-induction [1-LM], although some strains exhibit naturally small capsules [2-LM].

5.1.1. Authors: please submit the images from Figure 1B through the submission link together in one .ai or .psd file without the B label: please outline Induced column of images
5.1.2. Figure 1B: please indicate B18 induced image only
5.2. In this representative experiment, a significant difference in capsule size was consistently observed between the largest strain and the two smaller strains [1-LM].
5.2.1.  Authors: please submit the graph from Figure 1C through the submission link as its own .ai or .psd file without the C label or brackets and asterisks: please add/indicate brackets as asterisks as in original Figure 1C
5.3. Differences in capsule size can also be detected using fluorescent dyes [1-LM].

5.3.1. Authors: please submit the images from Figure 2B through the submission link together in one .ai or .psd file without the B label: no animation or please outline/indicate at least one green capsule ring per image
5.4. Z-stack image capture ensures that the maximum capsule and cell body diameter is acquired for each cell [1-LM]. The stacks can then be processed to produce maximum intensity projections [2-LM] for the manual measurement of the yeast cell capsule and cell diameter [3-LM].
5.4.1. Authors: please submit the images from Figure 2C through the submission link together in one .ai or .psd file without the C label: please show/indicate top image
5.4.2. Figure 2C: please add/indicate bottom three images

5.4.3. Authors: please submit the graph from Figure 2D through the submission link as its own .ai or .psd file without the D label or brackets and asterisks: no animation
5.5. There is no significant intra-experiment difference between capsule measurements using either staining method [1-LM], although a greater inter-experiment variability is observed when using India ink to measure capsule diameters compared to fluorescent dye-staining [2-LM].
5.5.1. Authors: please submit the graph from Figure 3A through the submission link as its own .ai or .psd file without the A label: no animation
5.5.2. Authors: please submit the graphs from Figure 3D and 3E through the submission link together in one .ai or .psd file without the D or E labels: please trace/indicate India ink data lines
5.6. Significant differences in capsule diameter measurements between different researchers are not typically observed regardless of the method used [1-LM], while small but significant differences in the capsule size can be detected using the automated measurement method [2-LM].

5.6.1. Authors: please submit the graph from Figure 4B through the submission link as its own .ai or .psd file without the N.S. texts and brackets or B label: please add N.S. texts and brakcets OR no animation

5.6.2. Authors: please submit the graph from Figure 4C through the submission link as its own .ai or .psd file without the asterisks or C label: please add/indicate asterisks as in original Figure 4C
5.7. For successful automated measuring, the cells must be in focus, have a medium-to-large capsule, and not be overly clustered [1-LM].

5.7.1. Authors: please submit the images from Figures 4D and 4E together in one .ai or .psd file through the submission link without the D or E labels: please outline “Suitable for automated analysis images” image group
6. Conclusion (said by authors on camera):
6.1. Tiffany Guess: After watching this video, you should have a good understanding of how to manually measure the C. neoformans capsule using both India Ink and fluorescent imaging, as well as how to use image analysis software to automate capsule measurements. 
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
3.2.2. Movie 01.mp4 – Movie of wavelength selection on confocal microscope
3.3.1. Movie 02.mp4 – Movie of z-stack control panel being opened and first/last control selection
3.4.1. Movie 03.mp4 – Movie of focusing above and below the center of the yeast (click first, then last)
3.5.1. Movie 04.mp4 – Movie of initiating z-stack capture (click start)

Note: There is no “Movie 05” due to editing. Two sections were merged
4.1.2. Movie 06.mp4 – Movie of measuring program being opened and image being selected

4.2.1. Movie 07.mp4 – Movie of whole cell measurement

4.3.1. Movie 08.mp4 – Movie of cell body measurement

4.4.1. Movie 09.mp4 – Movie of image being saved after all cells in the image are measured

4.5.2. Movie 10.mp4 – Movie of yeast image inversion
4.6.1. Movie 11.mp4 – Movie of file import into automated analysis software

4.7.1. Movie 12.mp4 – Movie of Colony Analyzer Fluorescence selection

4.8.1. Movie 13.mp4 – Movie of cell body segmentation

4.9.1. Movie 14.mp4 – Movie of capsule masking
4.10.1. Movie 15.mp4 – Movie of mask renaming

4.11.1. Movie 16.mp4 – Movie of Capsule Partition

4.12.1. Movie 17.mp4 – Movie of data export

5.1.1. Fig 1B.psd – B&W images of India Ink stained C. neoformans yeast
5.2.1. Fig 1C.psd – Graph showing quantification of capsule diameter using India ink staining 
5.3.1. Fig 2B.psd – Images of C. neoformans strains stained with CFW and 18B7-AF488
5.4.1. Fig 2C.psd – Maximum projections of CFW and 18B7-AF488 stained C. neoformans
5.4.2. Fig 2D.psd - Graph showing quantification of capsule diameter using fluorescent staining
5.5.1. Fig 3A.psd – Graph comparing capsule diameter determined using India ink and fluroescence
5.5.2. Fig 3D.psd – Graph comparing diameter measurement of two strains – India ink

         Fig 3E. psd – Graph comparing diameter measurement of two strains – Fluorescence
5.7.1. Fig 4D.psd – Images showing mask generation during automated analysis of capsule size
5.7.2. Fig 4E.psd – Images of India ink-stained yeast that are unsuitable for automated analysis
5.7.1. Fig 4D+4E.psd – Images showing mask generation and cells unsuitable for analysis

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 in the email accompanying the finalized script.

( 2017, Journal of Visualized Experiments


