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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N_____ 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)__N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___________4.3, 4.5, 4.6, 4.7, 4.8_______________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __Sorting cells on columns – using appropriate numbers of cells, ratio of cells to microbeads, proper handling of columns__
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to determine whether changes in mutation frequencies with increased replicative age of yeast cells are due simply to additional rounds of cell division or to age-specific changes in rates of accumulating mutations. (Intro)
This is achieved by first measuring mutation frequencies and rates in young cells by spreading cells onto selective and non-selective media to calculate a predicted mutation frequency for cells of increasing ages due to mutation accumulation with each round of cell division. (C1, Editor, using C1, begin with the test tubes with orange bottoms.  Bring in the green/yellow dots and place them in the test tubes and then for plating on selective and non-selective medium, bring in the non selective and selective medium circles without the dots and then ‘pour’ one of the tubes onto the yellow/orange plate and then onto the gray plate.  Then, for ‘for cells of increasing ages due to mutation…’ add in the white dots.)
Next, a yeast cell population is labeled with biotin, grown in liquid culture, and the original labeled cells are recovered by magnetic sorting to obtain aged mother cells that have undergone several cell divisions. (C2, Editor, use C2 here.  Begin with the yellow circles with red dots attached (for labeled with biotin) on the left.  For ‘grown in culture’, add them into the flask with the orange at the bottom.  For recovered by magnetic sorting, ‘remove the yellow, red, and blue circles from the flask, place them into the gray rectangle as shown and have the yellow circles come out the bottom of the longer rectangle as shown.  Then transition to the gray rectangles on the right (without the magnet and have the yellow, red, and blue circles come out from the opening at the bottom.)  
Comment: Regarding the highlighted text, the blue circle (with attached Y shapes) should not be in the flask, they are added to cells after growth. The yellow and red circles can come out of the flask, the blue circles then appear, and all (yellow, red, blue) are then placed into the gray rectangle.
Then, aged mother cells are either regrown to increase their age and then sorted again or stained for bud scars and then spread onto selective and non-selective media in order to determine their average replicative age and mutation frequency. (C3, Editor, use C2/C3 here.  Begin with the yellow and red circles in C2 and place them in the flask as in C2.  Then for ‘or stained for bud scars…’, bring in the yellow/orange circle in C3, then the gray circle, then the small yellow/green circle as shown.)
Comment: The small yellow/green circle (with the five ellipses) should appear first with ‘stained for bud scars’, and that can be followed by the yellow/orange circle and then the gray circle.
Results are obtained that show whether there are any age-specific increases or decreases in accumulating mutations based on a comparison of the experimentally observed mutation frequency to the predicted mutation frequency for cells of the observed average age. (C4, Editor, transition to the graph in C4 here and slowly zoom in on it with the VO.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
[image: image1.emf]
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name _Patrick Maxwell_: This method can help answer key questions in the field of aging, such as do changes in the rates of accumulating genetic damage contribute to normal aging or are the lifespan-altering effects of various genetic and environmental factors partly due to changes in mutation rates?  

1.2. **Author name _Patrick Maxwell_: Demonstrating the procedure will be Melissa Patterson a graduate student from my laboratory. (Add additional mention of demonstrators as necessary).  
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.
Protocol (read by voice talent at JoVE):

2. Determination of Mutation Rate and Frequency
2.1. TEXT ON WHITE BACKGROUND:  Prepare all buffers and reagents according to the accompanying text protocol.
2.1.1. TEXT of the above statement

2.2. To establish a baseline mutation rate per cell generation using fluctuation tests for cells grown under standard culture conditions, for each replicate culture, dilute cells 1:2000 and spread 1-4 ul onto non-selective medium to determine colony forming units/ml. 
2.2.1. WIDE Talent approaches bench with cell cultures and places on bench

2.2.2. MED/CU Talent dilutes a cell culture with medium

2.2.3. CU Talent spreads culture onto plate of non-selective medium

2.3. Pellet the remaining cells at ~2400 x g for 1 minute in a microcentrifuge and use 100 ul of water to resuspend them before spreading on selective medium to identify mutants.  

2.3.1. MED Talent places tubes of cells into microcentrifuge, Editor, use a freeze frame of talent placing tubes into centrifuge from this step for 4.1.3 below; B Need another shot of talent removing tube of cells from centrifuge for 4.8.1 below
2.3.2. CU Talent adds water to a pellet of cells and resuspends

2.3.3. CU Talent plates cells on selective medium

2.4. After incubating the plates at 30 ˚C for three days, count the colonies.  Determine the initial mutation rate and frequency according to the accompanying text protocol.
2.4.1. WIDE Talent removes plates from incubator; B need another version of talent placing YPD plates into incubator for 3.1.2 below

2.4.2. MED/CU Talent counts colonies - Videographer, get enough footage here for the last sentence

3. Biotin Labeling
3.1. To label Saccharomyces cerevisiae with biotin, begin by streaking the culture from a glycerol stock onto YPD medium and incubate at 30 °C for 1-3 days.  
3.1.1. MED/CU Talent opens glycerol stock and streaks onto YPD medium using sterile technique

3.1.2. Use 2.4.1B here

3.2. Using a sterile pipette tip, transfer cells from the plate to at least 1 ml of water, keeping in mind that 1-1.5 cm of a thickly grown portion of the streak will give approximately 108 cells.   Use a hemocytometer to determine the exact cell density.  

3.2.1. CU Talent uses a sterile pipette tip to transfer cells from plate to water

3.2.2. CU Talent pipettes cell suspension into hemocytometer
3.3. For each strain or treatment condition, use a 5 mM biotin reagent stock to label 108 cells per collection point according to the manufacturer’s standard procedure.  Perform all centrifugation steps for 5 min at 4°C.

3.3.1. CU Strains of cells in suspension and labeled on bench

3.3.2. CU Talent opens biotin labeling solution with columns and additional buffers in view

3.3.3. MED/CU Talent sets centrifuge to 4°C
3.4. After the final wash, use water to suspend the labeled cells to a final concentration of 108 cells/ml.

3.4.1. MED Talent adds water to a sample and resuspends the cells

3.5. To check cell viability, dilute 10 µl of cells with 23 ul of water and 67 ul of 0.4% trypan (pronounce TRĪ pan) blue in 1X PBS.  Incubate the cells for 40 minutes at room temperature before using a hemocytometer to score live, or unstained, and dead, or stained, cells.
3.5.1. CU of cells in tube - then talent adds water to cells and then adds trypan blue

3.5.2. CU Talent starts 40 minute timer near incubating cells

3.5.3. MED Talent at scope looking through ocular counting cells

3.5.4. LAB MEDIA/SCREEN Stained, unstained/dead or live cells
3.6. After measuring baseline values for cell age and mutation frequency, according to the text protocol, transfer the biotin-labeled cells to 20 ml of YPD medium per 108 cells.  

3.6.1. LAB MEDIA Example of baseline values

3.6.2. MED/CU Talent inoculates YPD medium with 108 biotin labeled cells
3.7. Grow the cultures for 16-18 hours at 20 degrees C to ~108 cells/ml.  Do not allow the cells to reach stationary phase and if necessary, keep the cells at 4 degrees C for several hours to optimize timing of the growth period and collection.
3.7.1. MED Talent places cells in incubator

3.7.2. MED Talent places cuvette of cells into spectrophotometer

Shot 3.2.2 could be used again (adding cell suspension to hemocytometer) followed by shot 3.5.3 (looking through ocular of microscope), or freeze frames of these could be used.
4. Bead Labeling and Magnetic Sorting
4.1. After determining the cell density and pelleting the cells at 4(C, wash cells by adding 30 ml of bead labeling buffer and vortexing, then spin the suspension (TEXT: 5 min, 4 ˚C at 3000 x g) and pour off the supernatant.  
4.1.1. CU Talent holding tube showing pellet at bottom then adds bead labeling buffer

4.1.2. MED Talent vortexes tube

4.1.3. FREEZE FRAME from 2.3.1 - talent placing tubes into centrifuge

4.1.4. FREEZE FRAME from 4.1.1 of tube with pellet at bottom

4.2. After a second wash, resuspend the cells in 50 µl of bead labeling buffer per 108 total cells by vortexing.  Add 2 µl of magnetic beads per 108 total cells and after vortexing briefly, incubate on ice for 10 min, inverting periodically.
4.2.1. MED Talent finishes adding bead labeling buffer and vortexes tube Shot 4.2.1 included adding buffer and also adding magnetic beads before vortexing, so the end of that shot (adding beads and vortexing) could be cut and replaced with 4.2.2 and 4.2.3.
4.2.2. CU Talent adds magnetic beads

4.2.3. MED Talent finishes vortexing and places tube on ice 
4.3. Next, use 30 ml of bead labeling buffer to wash the cells three times.  Then add 0.5 ml of bead-labeling buffer per 108 total cells and briefly vortex the pellet on a medium setting just until the cells are resuspended.  
4.3.1. CU Talent adds bead labeling buffer wash then places tube on magnet 4.3.1 was just adding buffer to the cells and shot 4.3.1B was placing a column on the magnet
4.3.2. MED/CU Talent adds 0.5 ml of bead labeling buffer and vortexes

4.4. Pour the suspension through a 40µm cell strainer into a 50 ml tube to remove any remaining cell clumps.  If needed, leave cells on ice for 1-2 hours prior to loading on the column.
4.4.1. CU Talent pours suspension through cell strainer

4.4.2. MED/CU Talent places cells on ice

4.5. Follow the manufacturer’s recommended protocol for the magnetic columns, using up to 2 x 109 total cells per column.
4.5.1. MED/CU Talent reading manufacturer’s protocol for columns with reagents visible

4.6. Take care to remove any air bubbles when loading the columns and remove and replace the column on the separator between washes to prevent cells from becoming trapped between the beads (TEXT: refer to text protocol for additional details).
4.6.1. CU Talent removes air bubbles from a loaded sample

4.6.2. CU Talent removes column from magnet in between a wash

4.7. When using multi-column separators for processing multiple columns of the same sample, elute them all into the same collection tube to reduce handling time and decrease loss of cells. If desired, save the flow through from the binding and washing steps to analyze young cells produced by the mother cells.

4.7.1. CU Talent eluting multiple samples into one collection tube
4.7.2. MED/CU Talent labels a tube of collected flow through to analyze
4.8.  After concentrating the cells by centrifugation at 3000 x g for 5 min at 4 °C, aspirate all but 1 ml of buffer per 108 original biotin-labeled cells.  Then vortex briefly to suspend the cells in the remaining buffer. 
4.8.1. MED Use 2.3.1B here Talent removes tube from centrifuge
4.8.2. CU Talent aspirates all but 1 ml of buffer

4.8.3. FREEZE FRAME from 4.3.2 of talent vortexing tube CU Talent vortexes tube
4.9. Use trypan blue to stain an aliquot of diluted cells, and use a hemocytometer to determine cell density and viability.  Then calculate the total number of cells recovered.  If the number of cells is substantially higher than expected, pass the elution sample through another column to try to remove contaminating young cells. 
4.9.1. CU Talent adds trypan blue to diluted cells

4.9.2. FREEZE FRAMEs from 3.5.3 and 3.5.4 shown side by side - talent looking through scope and image of stained cells

4.9.3. LAB MEDIA Image of too many cells due to mixed mother and daughter cells, Editor, bring in this image with ‘If the number of cells is substantially higher than expected,’

4.9.4. CU Talent applies sample to column to remove contaminating young cells, Editor, bring this shot in as a split with 4.9.3 with ‘pass the elution…,’ then with ‘to try to remove contaminating young cells,’ replace 4.9.4 with 4.9.5 

4.9.5. LAB MEDIA Image of fewer cells with primarily mother cells

4.10. If the number of cells is substantially lower than expected, pass the saved flow through sample through another column to try to improve the yield of mother cells.  

4.10.1.  CU Talent pipettes up some of the flow through from tube and applies it to a column
4.11. If desired, regrow cells to increase their replicative age and follow the bead labeling and sorting without biotin labeling.

4.11.1. MED Talent at bench inoculating culture to regrow cells

5. Determination of Replicative Age

5.1. To determine replicative age, transfer 25 µl of recovered cells (TEXT: ~108 cells/ml) into a 1.5 ml centrifuge tube and use 1 ml of 1X PBS to wash the cells twice (TEXT: pellet at 5000 x g for 2 min, RT) 
5.1.1. CU Talent pipettes 25 ul of recovered cells into 1.5 ml tube and then adds 1 ml of PBS
5.2. To label bud scars on the surface of the cells, use 180 ul of 1X PBS and 20 ul of fluorescently conjugated WGA (TEXT: refer to text protocol for details) to resuspend the cells.  Cover the 1.5 ml centrifuge tube with foil and incubate with gentle rocking at 30 °C for 30 min. 
5.2.1. CU Talent adds 180 ul of PBS to cells
5.2.2. CU Talent adds fluorescent WGA to cells and begins to resuspend
5.2.3. MED/CU Talent covers tube with foil
5.2.4. MED Talent places tube on rocker at 30(C 
5.3. After the incubation, use 1X PBS to wash the cells three times (TEXT: 5000 x g, 2 min, RT).  Then for fluorescent microscopy, use an anti-fade reagent to mount the cells on slides.  To avoid cell movement during imaging, fully cure the slides in the dark for up to a few days.
5.3.1. FREEZE FRAME from 5.1.1 of talent adding PBS to cells

5.3.2. CU Talent adds anti-fade reagent to slide of cells

5.3.3. MED Talent places slides in dark

5.4. Count bud scars on at least 50 cells per sample to obtain a representative measure of cell age (TEXT: store slides up to 1 month). 
5.4.1. LAB MEDIA Figure 4C

5.5. Alternatively, after suspending the cells in 1X PBS, perform flow cytometry using the settings outlined in text protocol.
5.5.1. MED Talent applies a sample for flow cytometry

5.6. Graph bud scars on young cells and aged cells counted by microscopy on the y-axis against the normalized geometric mean (TEXT: stained geometric mean/unstained geometric mean) of the WGA-conjugate fluorescence from the same cell populations on the x-axis.
5.6.1. LAB MEDIA Figure 5B without the equation
5.7. Finally, obtain the equation of a linear trend line for this relationship. For subsequent experiments, substitute the normalized geometric mean of WGA-conjugate fluorescence intensity of a cell population for x in the equation and solve for y to determine the average cell age of a sample. 
5.7.1. LAB MEDIA Figure 5B, Editor, for ‘Obtain the linear equation’, add in the equation shown in figure 5B, then point out ‘x’ and ‘y’ with the VO
6. Results: Mutation Frequencies and Rates in Yeast 
6.1. This graph illustrates that the mutation rate in the CAN1 gene was similar before and after biotin labeling in independent young yeast populations. CAN1 mutation frequencies were also similar in young cells before and after biotin labeling when grown at either 20˚C or 30˚C.
6.1.1. LAB MEDIA 51850_Patterson_Figure2A.ai, lavender columns, Editor, for the VO “before,’ point out the ‘IP’ lavender columns and for ‘after’ point out the ‘PB’ lavender columns.  For ‘when grown at either 20(C or 30(C, point out first the blue 20(C and then the blue 30(C columns.
6.2. The graph shown here demonstrates what may be observed when counting recovered cells after biotin labeling and sorting of untreated cells, or cells treated with 1 mM hydrogen peroxide after the first sort.  The number of cells may appear higher than expected after the first sort, and a small progressive loss of cells is expected with continued sorting.

6.2.1. LAB MEDIA 51850_Patterson_Figure3A.ai, Editor, for ‘The number of cells may appear higher than expected…’ point out the bars in ‘Sort 1, then drag an arrow to the right in a downward slope to show the progressively lower values for the subsequent sorts
6.3. Replicative age was determined by manual counting of fluorescently labeled bud scars on cells as demonstrated here.
6.3.1. LAB MEDIA 51850_Patterson_Figure4B.ai, 51850_Patterson_Figure4C.ai, Editor, point out the green donut shaped structures in the panels in C with the VO ‘fluorescently labeled bud scars’
6.4. As seen in this figure, the fluorescent bud scar signal from flow cytometry was compared to manual counts to obtain a linear relationship that allows replicative age of mother and control cell populations to be determined by flow cytometry.

6.4.1. LAB MEDIA 51850_Patterson_Figure5A.ai, 51850_Patterson_Figure5B.ai, Editor, for ‘the fluorescent bud scar signal was compared to manual counts,’ point out the plots in 5A, and then for ‘to obtain a linear relationship…’ point out the slope in the graph in 5B

6.5. These graphs show examples of similar or elevated observed mutation frequencies of aged mother cells compared to the predicted frequencies calculated from the average age of the mother cells and the mutation frequencies and rates obtained for young cell populations, depending on genomic location of the CAN1 gene. 
6.5.1. LAB MEDIA 51850_Patterson_Figure6A.ai, 51850_Patterson_Figure6B.ai, Editor, for ‘similar or elevated observed mutation frequencies of aged mother cells,’ point out the columns labeled ‘Obs’.  For ‘compared to the predicted frequencies calculated from the average age of the mother cells…’, point out the columns labeled ‘Pre.’
7. Conclusion (said by authors on camera)
7.1. Author name _Melissa Patterson_: Following this procedure, other methods like staining cells for reactive oxygen species or vacuolar morphology can be performed in order to answer additional questions like what changes in cell physiology are associated with any age-dependent changes in mutation accumulation?
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, 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.
6.1 – 51850_Patterson_Figure2A.ai

6.2 – 51850_Patterson_Figure3A.ai

6.3 – 51850_Patterson_Figure4A.ai

6.3 – 51850_Patterson_Figure4B.ai

6.4 – 51850_Patterson_Figure5A.ai

6.4 – 51850_Patterson_Figure5B.ai

6.5 – 51850_Patterson_Figure6A.ai

6.5 – 51850_Patterson_Figure6B.ai
Additional files uploaded

3-5-4_stained_unstained_cells.ai

4-9-3_mixed_mother_young_cells.ai

4-9-5_only_mother_cells.ai
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.
( 2011, Journal of Visualized Experiments


