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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 steps using the step numbers listed in this document. _2.6, 2.8, 3.3, 4.3.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.__2.10_
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:

Video editor: graphics are in ‘52482_Schematic overview_2-2-15.pptx’

The overall goal of this procedure is to detect sumoylation and ubiquitination of budding yeast kinetochore proteins Ndc10 and Ndc80. (Intro)

This is accomplished by first harvesting yeast cells that express His-Flag tagged Smt3 and Myc-tagged Ndc10 or Ndc80, (Slide 1: show flask of yeast cells) and making protein extracts from these cells. (show two microfuge tube with protein extracts – use stock images DAM #3474 – with brown shading) (P1)

The second step is to purify His-Flag tagged Smt3 conjugates for the detection of sumoylation, [Slide 1: animate beads (small blue spheres) being added to one of the microfuge tubes with protein extract; zoom in to show the cartoon of a blue NTA-Ni bead and the HF-Smt3-Ndc80-Myc, and then animate the HF-Smt3-Ndc80-Myc attaching to the NTA-Ni bead] (P2a) or to immunoprecipitate Myc-tagged kinetochore proteins for the detection of ubiquitination. [Slide 1: animate small purple spheres being added to the second microfuge tube with protein extract; zoom in to a cartoon of a purple anti-c-Myc agarose bead, then animate HF-Smt3-Ndc80-Myc attachment of the ubiquitinated Ndc80-Myc (triangle) to the 
Anti-c-Myc agarose beads ing to the antibody] (P2b)  DO NOT ANIMATE ATTACHMENT OF THE THREE SMALL UB CIRCLES.  SEE REVISED CARTOON FOR P2B

Subsequently sumoylation or ubiquitination is detected by Western Blot analysis. [Slide 2: show image of a SDS PAGE gel box. DAM #1105] (P3)

Ultimately, the presence of a laddering pattern for Ndc10 and Ndc80 confirms that these proteins are sumoylated and ubiquitinated. (Slide 2: show gel images) (P4)


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Munira Basrai: The protein purification method described allows the detection of both sumoylation and ubiquitination of the kinetochore proteins, Ndc10 and Ndc80, in Saccharomyces cerevisiae.
1.2. Munira Basrai: The main advantage of this technique is the strain we have created has two epitope tags, one on the test protein and the other that allows detection of sumoylation. The use of these tags reduces the background due to cross-reactivity that is frequently observed when polyclonal sera are used.   
1.3. Munira Basrai: Demonstration of this procedure will be done by Kentaro Ohkuni, a research fellow in my laboratory.
1.3.1. Interview style: Author saying the above 
1.3.2. 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. Extraction of proteins

2.1. Proteins will be extracted from yeast cell pellets prepared previously and stored at -20 °C. [2.1.1 - MED – TXT] 
 
2.1.1. Talent setting out 2 tubes of cell pellets in an ice bucket. TEXT: Refer to protocol text for growth of yeast cells.

2.2. Resuspend the cells in 0.5 ml of ice-cold buffer.  [2.2.1 – MED] Use guanidine buffer if the extract is for a pull-down assay using nickel-nitrilotriacetic acid or Ni-NTA (Voiceover: “nickel NTA”) superflow beads.  Use buffer A if the extract is for immunoprecipitation. [2.2.2 – CU] Keep the tubes on ice at all times. [2.2.3 – CU]

2.2.1. Talent adding 0.5 ml of guanidine buffer to a tube and resuspends the cell pellet.
2.2.2. A shot of a bottle of guanidine buffer next to a bottle of buffer A (both buffers clearly labeled)
2.2.3. The tube being returned to the ice.

2.3. Transfer the cell suspensions to 2-ml screw cap tubes. [2.3.1 – CU]

2.3.1. Cell suspension from one tube being pipetted into a screw cap tube and then tube is returned to ice.

2.4. To each tube, add a volume of glass beads equal to the volume of the cell suspension. [2.4.1 – CU]

2.4.1. Glass beads being added to one of the screw cap tubes.

2.5. Bead-beat the cells in a mini bead-beater for 2 minutes at room temperature, [2.5.1 – MED – multiple takes] and then place the tubes on ice for 2-3 minutes. [2.5.2 – CU – multiple takes] Repeat the bead-beating [2.5.3 – reuse shot] and icing three times. [2.5.4 – reuse shot – TXT] 

2.5.1. Multiple takes from different angles of talent putting the two tubes into the bead-beater and turning it on. 
2.5.2. Multiple takes from different angles of tubes being put on ice.
2.5.3. Reuse shot from 2.5.1.
2.5.4. Reuse shot from 2.5.2. TEXT: Bead-beat 3X

2.6. Vortex on high speed at 4 °C for 30-60 minutes. [2.6.1 – MED – TXT] 

2.6.1. Talent putting the two tubes into the vortexer. TEXT: High speed; 4 °C; 30-60 min.

2.7. Check the cells by visualization under the microscope to ensure that the cells are lysed.  [2.7.1 – MED] Lysed cells will appear as dark ghosts and lack a boundary or defined shape. Optimally at least 80% of the cells should be lysed. [2.7.2 – LM] 

2.7.1. Talent checking cells under the microscope.
2.7.2. 52482_Image of lysed cells.pptx

2.8. Next use a push pin to puncture a hole in the bottom of the tube. [2.8.1 – CU] Place the screw cap on loosely and place the tube in a 15-ml conical tube.  [2.8.2 – CU]

2.8.1. *film as written.
2.8.2. *film as written.

2.9. Centrifuge at 1,000 x g for 1 minute to collect the lysate. [2.9.1 – MED – TXT] Transfer the lysate to a micro centrifuge tube. [2.9.2 – MED]

2.9.1. Talent putting the two 15-ml conical tubes containing the 2-ml screw cap tubes into the centrifuge. TEXT: 1,000 x g; 1 min.
2.9.2. 2-ml tube being removed from the 15-ml tube and then lysate is transferred to a micro centrifuge tube.

2.10. Centrifuge at 15,000 x g for 30 minutes at 4 °C [2.10.1 – MED-TXT] to collect the extracted proteins. [2.10.2 – CU] 

2.10.1. Talent putting the two micro centrifuge tubes into the centrifuge and starting the spin. TEXT: 15,000 x g; 30 min; 4 °C
2.10.2. After centrifugation, supernatant from a tube being transferred to a new micro centrifuge tube.

2.11. After measuring the concentration of the extracted proteins using a protein assay kit, normalize all extracts so each would contain the same amount of protein. Bring the total volume to 1 ml with the appropriate buffer. [2.11.1 – MED] Approximately 5 mg of total protein is obtained from 50 OD600 of cells. [2.11.2 – CU]

2.11.1. Talent adding appropriate volume of buffer to each tube.
2.11.2. A shot of the two tubes of protein extracts.

2.12. Save 50 µl of the extracted protein as the whole cell extract. The remaining 950 µl of protein extract will be used later for protein purification or immunoprecipitation of Myc-tagged proteins. [2.12.1 – CU-TXT]

2.12.1. 50 µl of the extracted protein being removed from one of the tubes and put into a new tube. TEXT: 50 µl = 250 µg protein.

2.13. Add 50 µl of 2x Laemmli sample buffer to the 50 µl of whole cell extract. [2.13.1 – CU-multiple takes] Incubate the samples at 100°C in a heat block for 3-5 minutes before analyzing them by Western blot. [2.13.2 – MED-multiple takes-TXT]

2.13.1. Multiple takes from different angles of sample buffer being added to one micro centrifuge tube with cell extract.
2.13.2. Multiple takes from different angles of talent putting two microcentrifuge tubes into a heat block. Shot will be repeated many times later. TEXT: 100°C; 3-5 min.

3. Purification of HF-Smt3 conjugates

3.1. Begin this procedure by preparing the Ni-NTA superflow beads necessary for the purification: obtain the amount of beads needed [3.1.1 – MED-TXT] by low speed centrifugation for 1 minute. [3.1.2 – MED-multiple takes-TXT] 

3.1.1. Talent transferring appropriate amount of beads to a microcentrifuge tube. TEXT: 100 µl of beads per sample.
3.1.2. Multiple takes from different angles of talent putting the tube into the centrifuge. Shot will be repeated many times later. TEXT: 800 - 1,500 x g; 1 min.

3.2. Remove the supernatant [3.2.1 – CU] and wash the beads with PBS: add 1 ml of PBS and invert the tube top-over-bottom until the beads are resuspended, [3.2.2 – CU-multiple takes] collect beads by low speed centrifugation, [3.2.3 – reuse shot] and remove the supernatant. [3.2.4 – CU] Wash the beads in this manner a total of 5 times. [3.2.5 – reuse shot] [3.2.6 – reuse shot – TXT] 

3.2.1. *film as written.
3.2.2. Multiple takes from different angles of talent adding 1 ml PBS to the tube and then inverting the tube.
3.2.3. Use shot from 3.1.2.
3.2.4. *film as written.
3.2.5. Use shot from 3.2.2.
3.2.6. Use shot from 3.1.2. TEXT: Wash 5X with PBS

3.3. Suspend the beads in 1 ml of guanidine buffer and aliquot them into the number of tubes corresponding to the samples to be processed. [3.3.1 – MED] Collect the beads by low speed centrifugation [3.3.2 – MED-multiple takes] and remove the supernatant. [3.3.3 – CU] 
3.3.1. *film as written.
3.3.2. Multiple takes from different angles of talent putting 2 microcentrifuge tubes into the centrifuge.
3.3.3. Supernatant being removed from a tube.
3.3.4. [bookmark: _GoBack]*film as written.

3.4. For each sample, add 950 µl of the whole cell extract prepared earlier to 100 µl of the beads. [3.4.1 – CU]

3.4.1. 950 µl of the whole cell extract (from step 2.12) being added to a tube with beads.

3.5. Incubate on a rocking platform at 4 °C for at least 4 hours or overnight. [3.5.1 – multiple takes - MED-TXT] 

3.5.1. Multiple takes from different angles of talent putting the tubes on the rocking platform and turning it on. TEXT: 4 °C; ≥ 4 h.

3.6. Centrifuge at 800-1,500 x g for 1 minute at 4 °C. [3.6.1 – reuse shot – TXT] 

3.6.1. Use shot from 3.3.2. TEXT: 800 - 1,500 x g; 1 min; 4 °C.

3.7. Save 50 µl of the supernatant. [3.7.1 – multiple takes-CU] Add 50 µl of 2x Laemmli sample buffer to this supernatant [3.7.2 – reuse shot] and incubate at 100 °C in a heat block for 3-5 minutes. 10 µl of each sample will later be analyzed by Western blot. [3.7.3 – reuse shot]

3.7.1. Multiple takes from different angles of 50 µl of the supernatant being transferred to a new tube.
3.7.2. Use shot from 2.13.1. 
3.7.3. Use shot from 2.13.2.

3.8. Wash the Ni-NTA superflow beads once with 1 ml of guanidine buffer [3.8.1 – CU] for 5-10 minutes on a rocking platform at room temperature. [3.8.2 – MED-multiple takes-TXT] 

3.8.1. 1 ml of guanidine buffer being added to a sample.
3.8.2. Multiple takes from different angles of talent putting all the samples on the rocker and turning it on. TEXT: Wash 1X with guanidine buffer; 5-10 min; room temperature.

3.9. Next wash the beads 5 times with 1 ml of breaking buffer. [3.9.1 – CU][3.9.2 – reuse shot-TXT] 

3.9.1. Guanidine buffer being removed from a tube and 1 ml of breaking buffer being added.
3.9.2. Use shot from 3.8.2. TEXT: Wash 5X with breaking buffer; 5-10 min; room temperature.

3.10. After the final wash with breaking buffer, resuspend the beads in 90 µl of 2x Laemmli sample buffer. [3.10.1 – CU] Add 10 µl of 1 M imidazole to help dissociate the His-tagged protein from the Ni-NTA beads. [3.10.2 – CU]

3.10.1. *film as written.
3.10.2. *film as written.

3.11. Incubate at 100 °C in a heat block for 3-5 minutes. [3.11.1 – reuse shot – TXT] 

3.11.1. Use shot from 2.13.2. TEXT: 100 °C; 3-5 min. 

3.12. Vortex, [3.12.1 – multiple takes -CU] then centrifuge at 13,000 x g for 30 seconds. [3.12.2 – multiple takes-MED-TXT] Transfer the supernatant to a fresh tube. [3.12.3 – MED]

3.12.1. Multiple takes from different angles of tubes being vortexed.
3.12.2. Multiple takes from different angles of talent putting tubes into centrifuge. TEXT: 13,000 x g; 30 s
3.12.3. *film as written.

4. Immunoprecipitation of Myc-tagged kinetochore proteins

4.1. To begin this procedure, obtain the necessary amount of anti-c-Myc agarose affinity gel antibody [4.1.1 – MED-TXT] by low speed centrifugation. [4.1.2 – reuse shot-TXT] Remove the supernatant. [4.1.3 – CU]

4.1.1. Talent transferring an appropriate amount of resin to a tube. TEXT: 25 µl of resin per sample.
4.1.2. Use shot from 3.1.2. TEXT: 800 - 1,500 x g; 30-60 s.
4.1.3. *film as written.

4.2. Wash the resin with buffer A: add 1 ml of buffer A and invert top-over-bottom until the resin is resuspended, [4.2.1 – multiple takes-CU] collect the resin by low speed centrifugation, [4.2.2 – reuse shot] and remove the supernatant. [4.2.3 – multiple takes-CU] Wash a total of 5 times. [4.2.4 – reuse shot][4.2.5 – reuse shot-TXT] 

4.2.1. Multiple takes from different angles of 1 ml of buffer A being added to the tube and then the tube being inverted.
4.2.2. Use shot from 3.1.2.
4.2.3. Multiple takes from different angles of supernatant being removed from tube.
4.2.4. Use shot from 4.2.1.
4.2.5. Use shot from 3.1.2. TEXT: Wash 5X with buffer A.

4.3. Suspend the resin in 1 ml of buffer A [4.3.1 – reuse shot] and aliquot into the number of tubes corresponding to the samples to be processed. [4.3.2 – MED] Collect the resin by low speed centrifugation [4.3.3 – reuse shot] and remove the supernatant. [4.3.4 – CU]

4.3.1. Use shot from 4.2.1.
4.3.2. *film as written.
4.3.3. Use shot from 3.3.2.
4.3.4. Supernatant being removed from a tube.

4.4. Add 950 µl of whole cell extract to 25 µl of resin. [4.4.1 – CU]

4.4.1. 950 µl of whole cell extract being added to a tube with resin.

4.5. Incubate on a rocking platform at 4 °C overnight. [4.5.1 – reuse shot-TXT] 

4.5.1. Use shot from 3.5.1. TEXT: 4 °C; overnight.

4.6. On the following day, centrifuge at 800-1,500 x g for 1 minute at 4 °C. [4.6.1 – reuse shot --TXT] 

4.6.1. Use shot from 3.3.2. TEXT: 800 - 1,500 x g; 1 min; 4 °C.

4.7. Save 50 µl of the supernatant. [4.7.1 – reuse shot] Add 50 µl of 2x Laemmli sample buffer to this supernatant [4.7.2 – reuse shot] and incubate at 100 °C in a heat block for 3-5 minutes. [4.7.3 – reuse shot -TXT]

4.7.1. Use shot from 3.7.1.
4.7.2. Use shot from 2.13.1.
4.7.3. Use shot from 2.13.2. TEXT: 100 °C; 3-5 min. 

4.8. Wash the resin with buffer A.  Add 1 ml of buffer A, invert top-over-bottom until the resin is resuspended, [4.8.1 – multiple takes - MED] collect resin by low speed centrifugation, [4.8.2 – reuse shot] and remove the supernatant.  [4.8.3 – CU] Wash a total of 5 times. [4.8.4 – reuse shot][4.8.5 – reuse shot –TXT]

4.8.1. Multiple takes from different angles of talent adding 1 ml of buffer A to a tube and then inverting the tube.
4.8.2. Use shot from 3.1.2. 
4.8.3. Supernatant being removed from a tube.
4.8.4. Use shot from 4.8.1.
4.8.5. Use shot from 3.1.2. TEXT: Wash 5X with buffer A.

4.9. After removing the supernatant from the final wash, resuspend the resin in 100 µl of SUMEB sample buffer. [4.9.1 – CU –TXT] Incubate at 100 °C in a heat block for 3-5 minutes. [4.9.2 – reuse shot-TXT]

4.9.1. 100 µl of SUMEB sample buffer being added to a tube and resin is resuspended. TEXT: SUMEB contains 8 M Urea and 1% SDS.
4.9.2. Use shot from 2.13.2. TEXT: 100 °C; 3-5 min. 

4.10. Vortex, [4.10.1 – reuse shot] then centrifuge at 13,000 x g for 30 seconds. [4.10.2 – reuse shot – TXT] Transfer the supernatant to a fresh tube. [4.10.3 – CU]

4.10.1. Use shot from 3.12.1. 
4.10.2. Use shot from 3.12.2. TEXT: 13,000 x g; 30 s.
4.10.3. *film as written.

4.11. Lastly, load all the samples collected from this protocol in an SDS-PAGE gel for Western Blot analysis. [4.11.1 – MED-TXT] 

4.11.1. General footage of talent loading a gel. TEXT: Refer to protocol text for details of Western Blot analysis.







5. Results: Ndc80 and Ndc10 are substrates for sumoylation and ubiquitination in S. cerevisiae 

5.1. Yeast strains that express polyhistidine-Flag-tagged Smt3 or HF-Smt3 and Myc-tagged Ndc80 and Ndc10 were used to detect sumoylation of kinetochore proteins. [5.1.1 – LM] HF-Smt3 substrates were affinity purified using nickel beads and detected with an anti-Flag antibody. [5.1.2 – LM]
 
5.1.1. JOVE_v6.pptx. Slide 1: Show left panels only of Figure 1A and Figure 1B, with A on top of B.
5.1.2. JOVE_v6.pptx. Slide 1: left panels only of Figure 1A and Figure 1B, draw a box around the smear in the second lanes of both gels.

5.2. Sumoylated Ndc80 [5.2.1 – LM] or Ndc10 [5.2.2 – LM] was detected in the HF-Smt3 substrates when probed with an anti-Myc antibody. The absence of modified proteins in the control strains without HF-Smt3 indicates the specificity of interaction between HF-Smt3 and its target proteins. [5.2.3 – LM]

5.2.1. JOVE_v6.pptx. Slide 1: Figure 1A.  Add right panel.
5.2.2. JOVE_v6.pptx. Slide 1: Figure 1B.  Add right panel.
5.2.3. JOVE_v6.pptx. Slide 1: Figure 1A and 1B. Highlight the first lanes in the left panels of A and B that are almost empty.

5.3. Moreover, sumoylation of Ndc80 [5.3.1 – LM] and Ndc10 [5.3.2 – LM] is reduced in nocodazole treated cells. [5.3.3 – LM]

5.3.1. JOVE_v6.pptx. Slide 1: Figure 1C.
5.3.2. JOVE_v6.pptx. Slide 1: Figure 1D. Show next to Figure 1C.
5.3.3. JOVE_v6.pptx. Slide 1: Figures 1C and 1D.  Highlight the third lanes in both gels.

5.4. To detect ubiquitination of Ndc80 and Ndc10, Myc-tagged Ndc80 or Ndc10 was immunoprecipitated and western blot analysis was performed with anti-Myc and anti-Ubiquitin antibodies. [5.4.1 – LM] Analysis of whole cell extract and supernatant [5.4.2 – LM] confirmed the expression of Ndc80-Myc [5.4.3 – LM] and Ndc10-Myc. [5.4.4 – LM] 

5.4.1. JOVE_v6.pptx. Slide 2: Figure 2A, all panels.
5.4.2. JOVE_v6.pptx. Slide 2: Figure 2A, zoom in to WCE and SUP panels.
5.4.3. JOVE_v6.pptx. Slide 2: WCE and SUP panels. Draw a box around the bands in the Ndc-80-Myc lanes of both gels.
5.4.4. JOVE_v6.pptx. Slide 2: WCE and SUP panels. Draw a box around the bands in the Ndc-10-Myc lanes of both gels.

5.5. Immunoprecipitated samples probed with anti-Myc showed multiple high molecular weight bands, suggesting that Ndc80 and Ndc10 contain post-translational modifications. [5.5.1 – LM] A laddering pattern of immunoprecipitated samples probed with anti-Ubiquitin showed that Ndc80 and Ndc10 are ubiquitinated. [5.5.2 – LM] 

5.5.1. JOVE_v6.pptx. Slide 2: Figure 2A, top half only of IP: -Myc panel.
5.5.2. JOVE_v6.pptx. Slide 2: Figure 2A, add bottom half of IP: -Myc panel.

5.6. The laddering patterns of Ndc80 and Ndc10 were enhanced by treatment with a proteasome inhibitor, MG132, further confirming that these bands represent poly-ubiquitination. [5.6.1 – LM]

5.6.1. JOVE_v6.pptx. Slide 2: Figure 2B. Draw a box around the smears in the last two lanes of the right panel.

6. Conclusion (said by authors on camera)
6.1. Kentaro Ohkuni: After watching this video, you should have a good understanding of the protein purification technique that allows detection of sumoylation and ubiquitination of budding yeast kinetochore proteins Ndc10 and Ndc80.



Provided Media
1A. 52482_Schematic overview_2-2-15.pptx 
2.7. 52482_Image of lysed cells.pptx
5.1 – 5.6. JOVE_v6.pptx.



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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