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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   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______ 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.11, 2.12, 3.3, 3.4, 3.6, 3.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _ The most difficult aspect of the procedure is the timing of cycloheximide addition and cell collection for each sample (Steps 3.3 and 3.4). We ensure success with the timing by establishing and adhering to a pre-planned schedule, whereby cycloheximide is added to each sample at regular pre-planned intervals. Cell collection at each time point therefore also occurs at these same regular pre-planned intervals.
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________


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 visualize the degradation of the steady state population of a specific protein in Saccharomyces cerevisiae. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Bryce Buchanan: This method can be used to determine the genetic requirements for and environmental effects on degradation of a protein of interest. 
1.2. Bryce Buchanan: The main advantage of this technique is that radioactive isotopes and lengthy immunoprecipitation steps are not required, unlike pulse chase techniques, which are also performed to visualize protein degradation.   

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

N.A.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

N.A.




















Protocol (read by voice talent at JoVE):

2. Growth and Harvest of Yeast Cells

2.1. This procedure can be used to analyze either an endogenous yeast protein or a protein expressed from a plasmid. For the latter, the yeast strain is transformed with a plasmid encoding the protein of interest, following a standard yeast transformation protocol. [2.1.1 – MED]

2.1.1. Talent taking plates out of the incubator.

2.2. Inoculate the yeast in 5 mL of appropriate medium. [2.2.1 – MED] Incubate overnight at 30 C with rotation. [2.2.2 – MED-TXT]

2.2.1. Talent inoculating one of the cultures.
2.2.2. Talent putting the 4 tubes into the roller-shaker. TEXT: overnight; 30C

2.3. On the following morning, measure the optical density at 600 nm, or OD600, of each overnight culture. [2.3.1 – MED]

2.3.1. General shot of talent at the spectrophotometer, measuring the OD600 of a culture.

2.4. Dilute the cultures to an OD600 of 0.2 in 15 mL of fresh medium. [2.4.1 - MED]

2.4.1. Talent diluting a culture into a flask. 

2.5. Incubate at 30C with shaking until the cells reach mid-logarithmic growth phase. [2.5.1 – MED-TXT]

2.5.1. Talent putting 4 flasks into the shaker-incubator. TEXT: Grow to OD600 of 0.8 - 1.2

2.6. While the yeast cells are growing, prepare for the cycloheximide chase procedure: set a heat block that can accommodate 15-mL conical tubes to 30C for the incubation of cells in the presence of cycloheximide. [2.6.1 – MED]

2.6.1. Talent setting a heat block to 30C.

2.7. To ensure efficient heat distribution to the cultures, add water to each well of the heat block [2.7.1 – CU] such that a 15-mL conical tube will cause the water level to rise to, but not overflow, the lip of the well. [2.7.2 – CU]

2.7.1. Appropriate amount of water being added to wells of the heat block.
2.7.2. A 15-ml tube being placed into a well to show that the water will rise to the lip of the well but not overflow.

2.8. Set a second heat block that can accommodate 1.5-mL microcentrifuge tubes to 95C for protein denaturation following cell lysis. [2.8.1 – MED]

2.8.1. Talent setting a heat block to 95C.

2.9. Pre-warm fresh growth medium to 30C.   1.1 mL of medium is needed per time point per culture to be assayed. [2.9.1 – MED]

2.9.1. Talent putting growth medium into a 30 C incubator. 

2.10. Add 50 µL of 20X Stop Mix to pre-labeled microcentrifuge tubes:  prepare one tube per time point per culture to be assayed. [2.10.1 – CU] Place the tubes on ice.  [2.10.2 – MED] 

2.10.1. 50 µL of 20X Stop Mix being added to each of 12 tubes.
2.10.2. Talent putting the 12 tubes on ice.

2.11. When the yeast cells have reached mid-logarithmic growth, [2.11.1 – MED] collect 2.5 OD600 units of each culture per time point to be assayed. One OD600 unit is equal to the amount of yeast present in 1 mL of culture at an OD600 of 1.0. [2.11.2 – CU] Centrifuge the collected cells in 15-mL conical tubes at 3,000 x g at room temperature for 2 minutes. [2.11.3 – MED-TXT]. Remove the supernatant.  [2.11.4 – MED]

2.11.1. Talent retrieving 4 flasks from the shaker-incubator.
2.11.2. Appropriate volume from one flask being transferred to a 15-ml conical tube.
2.11.3. Talent putting the 4 tubes into the centrifuge.  TEXT: 3,000 x g; room temperature; 2 min
2.11.4. [added] Talent uncaps one of the tubes, removes media supernatant by pipetting, and closes the tube cap.

2.12. Resuspend each cell pellet in 1 mL of 30C fresh growth medium per 2.5 OD600 units of cells. [2.12.1 – MED] [2.12.2 – CU]

2.12.1. Talent adding 3 ml growth medium to one of the 15-ml tubes and re-suspending the cells.
2.12.2. A shot of the 4 tubes of resuspended cells.

3. Cycloheximide Chase

3.1. Prior to starting the cycloheximide chase, equilibrate the yeast cell suspensions by incubating in the 30C heat block for 5 minutes. [3.1.1 – MED-TXT]

3.1.1. Talent putting the 4 tubes of cells (from 2.12) into the 30C heat block (prepared in 2.6).  TEXT: 30C; 5 min

3.2. Prepare a timer to count up from 0:00. [3.2.1 – CU][3.2.2 – interview shot]

3.2.1. Talent setting the timer.
3.2.2. Talent speaking to camera: “The most difficult aspect of this procedure is the timing of cycloheximide addition and cell collection for each sample. We ensure success by establishing and adhering to a pre-planned schedule for adding cycloheximide and collecting cells.”  

3.3. To begin the cycloheximide chase, press “Start” on the timer. [3.3.1 – CU] Swiftly, but carefully, add cycloheximide to a final concentration of 250 µg/mL to the first yeast cell suspension, and vortex briefly to mix. [3.3.2 – MED]

3.3.1. *film as written.
3.3.2. *film as written.

3.4. Immediately transfer 950 µL or approximately 2.4 OD600 units of the yeast cell suspension with added cycloheximide to a pre-labeled microcentrifuge tube containing 50 µL of ice-cold 20X Stop Mix. [3.4.1 – MED] Vortex the microcentrifuge tube, and place on ice until all samples have been collected. [3.4.2 – MED]

3.4.1. *film as written.
3.4.2. Talent vortexing the microcentrifuge tube and then putting it on ice.

3.5. Return the yeast cell suspension to 30C. [3.5.1- MED]

3.5.1. Talent putting the tube with the yeast suspension into the 30C heat block.

3.6. Begin the cycloheximide chase as demonstrated for each of the remaining yeast cell suspensions at regular time intervals. [3.6.1 – CU][3.6.2 – MED]

3.6.1. Shot of the timer at 0:30.
3.6.2. Talent adding cycloheximide to sample #2.

3.7. At each subsequent time point, [3.7.1 – CU] vortex the yeast cell suspensions and transfer 950 L to labeled microcentrifuge tubes containing 50 L of pre-chilled 20X Stop Mix. [3.7.2 – MED] Vortex and place the collected cells on ice. [3.7.3 – MED] [3.7.4 – MED] 

3.7.1. Shot of the timer at 30:00
3.7.2. Talent vortexing sample #1 cell suspension and then transferring 950 L to the appropriate microfuge tube.
3.7.3. Talent vortexing the microfuge tube and then putting it on ice (next to the other samples that have been collected).
3.7.4. Talent putting sample #1 tube into heat block.

3.8. To prevent settling of the yeast cells, vortex the cell suspensions in the 15-mL conical tubes approximately every 5 minutes throughout the course of the chase. [3.8.1 – MED]

3.8.1. Talent vortexing one of the tubes.

3.9. When all samples have been collected, pellet the collected cells by centrifugation at 6,500 x g and room temperature for 30 seconds. [3.9.1 – MED –TXT]

3.9.1. Talent putting the 12 microfuge tubes into the centrifuge.  TEXT: 6,500 x g; room temperature; 30 s

3.10. Remove the supernatant by pipetting or aspiration. [3.10.1 – CU] The cells are now ready for alkaline lysis. [3.10.2 – MED]

3.10.1. Supernatant from one of the microfuge tubes being removed.
3.10.2. Talent setting down the 12th tube (after sup has been removed) next to the other 11 tubes.

4. Post-Alkaline Protein Extraction

4.1. Prepare the cells for alkaline lysis by adding 100 µL of distilled water to each cell pellet and resuspend by pipetting up and down.  [4.1.1 – MED]

4.1.1. Talent adding distilled water to one of the cell pellets (from 3.10) and resuspending by pipetting up and down.   

4.2. Add 100 µL of 0.2 M sodium hydroxide to each sample. [4.2.1 – CU] Mix by vortexing. [4.2.2 – MED]

4.2.1. *film as written.
4.2.2. Talent vortexing tube(s)

4.3. Incubate the cells at room temperature for 5 minutes. At this stage, the yeast cells have not been lysed, and proteins have not been released. [4.3.1 – MED-TXT]

4.3.1. Talent setting the 12 tubes at room temperature.  TEXT: room temperature; 5 min

4.4. Next pellet the cells by centrifugation at 18,000 x g at room temperature for 30 seconds. [4.4.1. – MED-multiple shots-TXT] Remove the supernatant by pipetting or aspiration. [4.4.2 – CU]

4.4.1. Multiple takes from different angles of talent putting 12 tubes into the centrifuge.  TEXT: 18,000 x g; room temperature; 30 s
4.4.2. Supernatant from one of the tubes being removed.

4.5. To lyse the cells, add 100 µL of Laemmli sample buffer to each cell pellet. Resuspend by pipetting up and down. [4.5.1 – CU]

4.5.1. Sample buffer being added to a tube and its content is pipetted up and down.

4.6. Incubate at 95C for 5 minutes to fully denature the proteins. [4.6.1 – MED-TXT] 

4.6.1. Talent putting 12 tubes into the 95C heat block. TEXT: 95C; 5 min

4.7. Centrifuge the lysates at 18,000 x g and room temperature for 1 minute to pellet insoluble material. [4.7.1 – reuse shot – TEXT]
 
4.7.1. Use shot from 4.4.1.  Talent putting 12 tubes into the centrifuge. TEXT: 18,000 x g; room temperature; 1 min

4.8. The supernatant, which is the solubilized extracted protein, is ready for separation by SDS-PAGE and subsequent Western blot analysis. [4.8.1 – MED] Alternatively, the lysates can be stored at -20C. [4.8.2 – MED]

4.8.1. Talent taking tubes out of centrifuge (after spin) and putting them into a rack.
4.8.2. Talent putting rack with tubes into the -20C freezer.

5. Results: Cue1 is required for degradation of Deg1-Sec62 

5.1. The stability of Deg1-Sec62, (Voiceover: “Deg One Sec Sixty Two”) a model yeast endoplasmic reticulum-associated degradation substrate, was analyzed by the cycloheximide chase methodology. [5.1.1 – LM] The Deg1-Sec62 protein migrates on SDS-PAGE as multiple species and is readily degraded in wild type cells. [5.1.2 – LM] Pgk1 is a loading control protein whose abundance does not vary in the conditions assayed. [5.1.3 – LM]

5.1.1. panel A of 150927 Figure 2.tif
5.1.2. panel A of 150927 Figure 2.tif.  Draw a box around the upper bands of the three WT lanes.
5.1.3. panel A of 150927 Figure 2.tif. Draw a box around the Pgk1 bands in all the lanes, or highlight ‘Pgk1’

5.2. Loss of either the ER-resident ubiquitin ligase Hrd1 (Voiceover: “Heard One”) [5.2.1 – LM] or the ubiquitin-conjugating enzyme Ubc7 (Voiceover: “U.B.C. seven”) substantially stabilized the Deg1-Sec62 protein, which confirms the previously observed role of these proteins in Deg1-Sec62 degradation. [5.2.2 – LM]

5.2.1. panel A of 150927 Figure 2.tif.  Draw a box around the upper bands in the hrd1 lanes.
5.2.2. panel A of 150927 Figure 2.tif.  Draw a box around the upper bands in the ubc7 lanes.

5.3. Cue1 (Voiceover: “Cue One”) is a transmembrane protein that anchors Ubc7 to the ER membrane and activates the enzyme, but a requirement for Cue1 in Deg1-Sec62 degradation had not been directly investigated.  The observation from this study that Deg1-Sec62 was stabilized in the absence of Cue1 confirmed a role for Cue1 in the ER-associated degradation of Deg1-Sec62. [5.3.1 – LM]

5.3.1. panel A of 150927 Figure 2.tif.  Draw a box around the upper bands in the cue1 lanes.

5.4. [bookmark: _GoBack]The result from the Western blot was quantified using imaging software. To compare the abundance of Deg1-Sec62 protein among samples, a ratio of the adjusted signal intensities of Deg1-Sec62 to Pgk1 was determined for each sample. [5.4.1 – LM]

5.4.1. panel B of 150927 Figure 2.tif.  


6. Conclusion (said by authors on camera)
6.1. Bryce Buchanan: It’s important to remember that this procedure reports most directly on the degradation kinetics of the steady state population of a protein of interest.
6.2. Bryce Buchanan: To visualize the degradation of the nascent population of a protein of interest, other techniques, such as pulse chase experiments, can be performed.
6.3. Bryce Buchanan: Don't forget that cycloheximide and sodium azide are extremely toxic, and precautions to avoid direct contact with these chemicals should always be taken while performing this procedure.   


Provided Media

5.1 – 5.4 150927 Figure 2.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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