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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Y
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:
(1) Transferring transformed yeast cells from agar plates into liquid media 

(2) Diluting yeast after the O/N incubation into 96-well plate

(3) Setting the program in the plate reader device


(4) Calculating the minimal doubling time (MDT) using the MDTcalc software 

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

I think that in general this is a straightforward protocol without notable difficulties. Potential problems may occur during the dilution steps after the O/N growth, which often take time and therefore the appropriate measurements and the calculation must be done accurately 

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 determine the variations in protein degradation rates in a systematic fashion by coupling them to the kinetics of yeast growth in liquid culture. (Intro) This is accomplished by first growing cells expressing a reporter protein comprised of a degradation signal coupled to a metabolic marker overnight (P1) to stationary phase in a suitable selective medium. (P2) Next, the optical density of the cells is measured to determine the growth kinetics of the cells, and then (P3) the minimal doubling time of the cells during the log phase is calculated from the growth kinetics using a designated software program. (P4) Ultimately, the calculated minimal doubling time can be used to define variations in the protein degradation kinetics. (P5)
From graphic overview (1).pptx

(P1) show (P1) plasmid ring, then “with expressing … signal” add the blue “degron” gene and with “metabolic marker” add the yellow “Ura3” gene (if possible, “insert” genes into yellow ring, to make big (P1) plasmid look like tiny (P2) plasmids)
(P2) from (P2) if possible, use petri dish instead of flask of yeast cells, then have plasmid from (P1) appear and enter dish and enter a few cells (like yeast cells in (P2))
(P3) from (P3) show microplate reader and add plate (or have plate already there) and have plate enter instrument and instrument close (TEXT: Growth kinetics in Liquid culture under Selective conditions)
(P4) 3.2.2. MDTcalc spreadsheet selection window
(P5) figure 4.TIF
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Tommer Ravid: The main advantages of this technique over existing methods, like cycloheximide or pulse chase degradation assays, are that our technique is simple to set up, the data acquisition and analysis are straightforward, and the assay design is extremely modular.   

1.2. Yifat Geffen: This method can help answer key questions in the protein degradation field, such as, which elements are required for misfolded protein recognition by the ubiquitin-proteasome system?  

1.3. Itamar Cohen: I first had the idea for this method when I wanted to do a screen to identify the proteins involved in ubiquitin removal from their substrates, so I established a simple way to compare multiple samples. (Please don’t use take 1)  

Protocol (read by voice talent at JoVE):
2. Growth kinetics in Liquid culture under Selective conditions (GiLS) 
2.1. To prepare the cells for the analysis, begin by transforming the appropriate auxotrophic yeast cells, such as TRy467 (Pronounce: T-R-Y-4-6-7), with a plasmid containing a URA3-degron (Pronounce: YOU-rah three degg-ron) fusion and an additional metabolic marker for plasmid selection and maintenance. 
2.1.1. WIDE: Few seconds Talent adding plasmid and transformation mix to yeast cells
 (additional shot) MED: Few seconds Talent placing the tube in 42°C for two minutes 
2.1.2. LAB MEDIA: Table 2.tif (Video Editor: please highlight top row of Table, i.e., TRy467 row)
2.2. For plasmid selection and maintenance, grow the cells on agar plates under a suitable synthetic defined medium lacking amino acid selection markers. Transfer surviving colonies into patches. Transfer cells from patches into liquid media and incubate overnight at 30(C until a stationary phase is reached. 
2.2.1. MED: Few seconds Talent adding cells onto at least one agar plate, with SD medium container label visible if possible (TEXT: See text for media/reagent preparation details) 
2.2.2. MED: Talent placing plate(s) at 30°C
2.2.3. [added] MED: talent picking cells for growth overnight at 30 °C in a suitable selective SD medium for plasmid maintenance until a stationary phase is reached.
2.3. Then, for 15 samples or less, dilute 50 microliters of the cells from the overnight culture with 150 microliters of synthetic defined medium per well in a clear bottom 96-well plate. 
2.3.1. MED – over the counter: Talent adding cells into at a few wells of 96 well plate, with overnight culture visible in frame if possible (TEXT: Control sample/blank contains media only). (Please use the second take) 
2.4. Use a microplate reader to determine the OD 600 values of the samples. Then, after calculating the exact volume needed for obtaining yeast cells at an amount equivalent to an OD 600 of 0.25, spin down the cells for 1 minute at 12,000 x g and room temperature.
2.4.1. MED: Talent placing plate into microplate reader
2.4.2. MED wide: Few seconds Talent using calculator/computer to calculate OD 600 of 0.25
2.4.3. MED: Talent placing tube(s) into centrifuge
2.5. Resuspend the cells in 1 ml of the appropriate selective medium to obtain an OD 600 of 0.25, and transfer 200 microliters of the diluted strain into one well of a new 96 well plate.
2.5.1. CU: Shot of pellet if visible, then 1 ml medium being added to tube
2.5.2. CU: Diluted cells being added to at least one well of 96 well plate (Please use the second take) 
2.6. When greater than 15 samples are to be tested, transfer 10 microliters of the overnight-grown stationary cells into one well of a new 96-well plate containing 190 microliters of the appropriate selective media.
2.6.1. MED – over the shoulder: Talent adding cells to a few wells, with overnight-grown culture visible in frame
2.7. To measure the growth kinetics of the transformed yeast cells under selective conditions, next set a multimode microplate reader to an incubation temperature of 30(C, OD 600 measurement intervals of 15 minutes, and orbital and linear shaking cycles of 1 minute every 7 minutes.
2.7.1. MED: Few seconds Talent setting microplate reader parameters OR SCREEN: Few seconds parameters being set for microplate reader (e.g., temp to 30°C, OD 600 at 15 min intervals, etc) 
2.8. Then incubate the cells at 30(C in the microplate reader for 12-24 hours.
2.8.1. MED: Talent placing plate in microplate reader
2.9. When the cells have reached the stationary phase, export the raw data into a spreadsheet file. 
2.9.1. SCREEN: Few seconds data being exported into spreadsheet file OR MED – over the shoulder: Few seconds Talent at computer, exporting data to spreadsheet file
3. Calculation of the minimal doubling time (MDT) using MDTcalc 
3.1. To determine the yeast growth kinetics using MDTcalc (Pronounce: M-D-T-calc) make sure the spreadsheet file containing the growth data is saved and closed.
3.1.1. WIDE: Talent at computer saving and closing data file
3.2. Then open the MDTcalc application program. Under "File path", click on the rectangle to locate the spreadsheet file.
3.2.1. SCREEN: Few seconds MDTcalc program opening
3.2.2. SCREEN: Shot of File path menu/window, then rectangle for spreadsheet file being clicked
3.3. Under "Sheet name", enter the spreadsheet name where the raw data is located.  Under "Starting position", enter the spreadsheet coordinate of time 0 of the first sample.
3.3.1. SCREEN: Shot of Sheet name menu/window, then spreadsheet name being entered
3.3.2. SCREEN: Shot of Starting position menu/window, then time 0 being entered for first sample
3.4. Under "Time column", enter the letter defining the location of the time point column in seconds.   Under "Blank column", enter the letter defining the location of the blank column, for example, the A1 well of the 96 well plate.
3.4.1. SCREEN: Shot of Time column menu/window, then letter defining location of time point column being entered

3.4.2. SCREEN: Shot of Blank column menu/window, then letter defining location of blank column being entered (e.g., A1)
3.5. Next, under "OD value", choose the minimal transformed OD 600 value required for the initiation of the MDT calculation, usually 0.15-0.25, to ensure that the MDT is calculated only for the samples that reach the defined OD 600 value or higher.
3.5.1. SCREEN: Shot of OD value, then minimal transformed OD 600 value being entered (e.g., 0.15-0.25)
3.6. Once the last value has been entered, click the "calculate" button and confirm that the progress bar on the right gradually changes to green. 
3.6.1. SCREEN: Shot of calculate button being clicked, then shot of progress bar turning green (Video Editor: if necessary/possible, please highlight/indicate progress bar turning to green) (TEXT: Do not open spreadsheet file during calculation)
3.7. Finally, export the two sets of data that appear automatically on the screen at the completion of the MDT calculation into a new spreadsheet. Confirm that the data includes the MDT value for each well that passes the minimal OD value test and the start time of the interval from which the MDT was calculated. 
3.7.1. SCREEN: Few seconds data being exported

3.7.2. SCREEN: Shot of data in new spreadsheet, if possible with MDT values for each well that passes the minimal OD value test and start times of the interval from which the MDT was calculated indicated (Video Editor: if possible/necessary, please highlight the MDT values for each well that passes the minimal OD value test and the start times of the interval from which the MDT was calculated when mentioned)
4. Results: Representative protein degradation analysis
4.1. In this representative experiment, the relative differences in the kinetics of protein degradation between the wild-type and various mutant strains were compared. Initially, wild type, ubc6(, ubc7( or doa10( (Pronounce: “U-B-C-Six delta”, “U-B-C-Seven delta”, “D-O-A-ten delta”) cells expressing Deg1-VMA-Ura3  (Pronounce: “Deg-one V-M-A-twelve you-ra-three”) were grown on synthetic defined complete medium. Then, to measure the GiLS (Pronounce: gills), the cells were washed and incubated in synthetic defined-URA. Similar growth curves  … 

4.1.1. LAB MEDIA: figure 3C.tif 

(Video Editor: with “between wild-type” please highlight the open circle data curves in both graphs; 

with “and various mutant strains” please highlight the red, blue and black data curves in both graphs; 

with “grown … medium” please highlight the left graph; 

with “incubated in synthetic defined-URA” please highlight the right graph;

with “Similar growth curves” please highlight the data curves in the left graph)

4.2. … and calculated MDT were observed for all strains grown in synthetic defined complete medium, excluding the possibility that the deletion of any of the examined genes affects cell growth. In contrast, incubation in synthetic defined-URA resulted in poor growth of wild-type cells, whereas only a minor growth defect was observed in the mutant strains. 
4.2.1. LAB MEDIA: figure 3D.tif  
(Video Editor: with “calculated … defined complete” please highlight the white data bars; 

with “poor … cells” please highlight the black wild type data bar; 

with “whereas … strains” please highlight the ubc6delta, ubc7delta, and doa10delta black data bars)

4.3. Ubc7 is absolutely required for Deg1-VMA-Ura3  degradation, enabling an accurate assessment of even the partial effects of various E2 mutants. Accordingly, fast growth kinetics are observed in cells expressing Ubc7 with the active-site mutants C89S and N81A. 
4.3.1. LAB MEDIA: Figure 4 growth curve.tif (Vide Editor: with “accordingly … N81A22” please highlight the green C89S and blue N81A data curves)

4.4. In addition, two mutants predicted to indirectly hinder Deg1-VMA-Ura3  degradation, V25G and H94K, were also found to enhance cell growth compared to wild-type Ubc7, albeit to a lesser degree than the active-site mutants. Thus, the GiLS method can be used for accurate measurement of the relative contribution of various degradation factors to the stability of a reporter substrate. 
4.4.1. LAB MEDIA: Figure 4 bars graph.tif 

(Video Editor: with “two mutants .. cell growth” please highlight the V24G and H94K data bars; 

with “compared to wild-type Ubc7” please highlight the wild type data bar; 

with “albeit … active-site mutants” please highlight the ubc7delta, N81A, and C89S data bars).
5. Conclusion (said by authors on camera)
5.1. Itamar Cohen: While attempting this procedure, it’s important to remember that the protocol is sensitive to small differences in protein degradation rates. This is an advantage, but it also means that care should be taken in the design and verification of the degron to be used. (Please use take 2)
5.2. Yifat Geffen: Following this procedure, other methods like high throughput fluorescence microscopy, can be performed to answer additional questions, such as, what is the aggregation propensity of reporter proteins? For this reason, it is a good idea to also include a GFP tag in the reporter.

5.3. Tommer Ravid: After watching this video, you should have a good understanding of how to determine the changes in protein degradation rates in a systematic fashion by using a microplate reader and our designated software program.
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.  
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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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