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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? NA
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Step 4.1
Step 4.3
Step 5.2
Step 5.3
Step 5.4
Step 5.5
4. 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.)
Step 5.3
Step 5.4

5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 
All locations are located within 100 meters.

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. María Luz Martínez-Chantar: SUMO-binding entities make it possible to isolate endogenous SUMOylated proteins in vivo. This is rather challenging due to the presence of active SUMO-specific proteases and the low fraction of SUMOylated proteins in vivo.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Fernando Lopitz-Otsoa: The isolation of the SUMOylated proteome by using SUMO-binding entities is advantageous as it offers an increase in the overall affinity for SUMO substrates. This is due to the fact that SUBEs are recombinant proteins that comprise tandem repeats of SIMs, thereby recognizing specifically SUMO molecules on modified proteins.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Sofia Lachiondo-Ortega: The use of SUMO-binding entities for the isolation and characterization of the SUMOylated proteome in liver cancer is a fast and sensitive method. It provides vast information on the rather unknown role of the SUMOylation pathway in liver cancer and a potential therapeutic approach.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Teresa Cardosa Delgado: SUMO-binding entities can be used to isolate and characterize the SUMOylated proteome in other tissues besides the liver, both from human specimens and animal models, as well as in several cellular models.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Fernando Lopitz-Ortega: Although this technique is easy to perform, care should be taken when analyzing several samples at the same time, as confusion could occur due to the several steps involved. Therefore, we recommend careful labeling of all the tubes before initiating the experiment.

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.6. Mikel Azkargorta: The visual demonstration of the use of SUMO-binding entities facilitates the reproduction of this protocol, especially due to the difficulties of handling the beads and the eventual loss of material during the protocol.

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.7. Procedures involving animal subjects have been approved by the CIC bioGUNE Institutional Committees for Animal Care and Handling.

Section - Protocol
2. Cell Preparation and Lysis 
2.1. Begin by preparing human hepatoma cells [1]. Plate the cells in P100 plates at a density of 1.2 – 1.5 million cells per dish [2] and maintain them in standard growth media at 37 C [3-TXT].
2.1.1. WIDE: Establishing shot of talent walking to the work station with cells in hand.
2.1.2. Talent plating cells. 
2.1.3. Cells in incubator. TEXT: 5% CO2; 95% humidity 
2.2. When ready to use the cells, aspirate the media from the plates and wash them with 5 milliliters of sterile PBS [1]. Put the plate on ice and add 500 microliters of lysis buffer supplemented according to manuscript directions [2]. Then, use a cell scraper to gently scrape the cells off the bottom of the plate into the Lysis medium [3]. 
2.2.1. Talent aspirating media from plates and adding PBS. 
2.2.2. Talent adding lysis buffer to cell plates on ice. 
2.2.3. Talent gently scraping the plates.
2.3. Alternatively, harvest cells by trypsinization. Aspirate the cell media and add 1 milliliter of trypsin-EDTA to the plate, making sure that the cells are covered [1]. Put the plate in a 37 C incubator for 5 minutes to allow them to detach from the plate [2], then add 2 milliliters of pre-warmed growth medium to stop the trypsinization [3]. 
2.3.1. Talent aspirating cell medium and adding trypsin. 
2.3.2. Talent putting plate in incubator. 
2.3.3. Talent adding medium to plate. 

2.4. Centrifuge the cells at 150 x g for 10 minutes and aspirate the supernatant [1], then wash the cells with PBS [2] and centrifuge for another 10 minutes [3-TXT]. Aspirate the supernatant and add 500 microliters of lysis buffer [4]. 

2.4.1. Talent taking cells out of centrifuge and aspirating supernatant. 
2.4.2. Talent washing cells with PBS. 
2.4.3. Talent putting cells in centrifuge and closing the lid. TEXT: 150 x g; 10 minutes
2.4.4. Talent aspirating supernatant and adding lysis buffer. 

2.5. Centrifuge the lysed cells at 15,000 x g and 4 C for 10 minutes [1], then transfer the supernatant to a fresh tube and discard the pellet [2]. 

2.5.1. Talent putting cells in centrifuge. 
2.5.2. Talent transferring supernatant to a fresh tube. 



3. Tissue Preparation and Lysis

3.1. [1] [2-TXT]. When ready to use the harvested mouse livers, homogenize 75 milligram fresh or snap-frozen fragments in 1 milliliter of ice-cold lysis buffer [3]. Run the homogenizer according to manuscript directions [4]. 

3.1.1. Talent washing livers with PBS. 
3.1.2. Talent snap-freezing livers. TEXT: Store in -80 C
3.1.3. Talent adding lysis buffer to tissue. 
3.1.4. Talent programming and starting the homogenizer. 

3.2. After tissue homogenization, centrifuge the samples at 15,000 x g and 4 C for 10 minutes [1], transfer the supernatant to a fresh tube, and discard the pellet [2]. 

3.2.1. Talent putting sample in centrifuge, closing the lid, and starting it.
3.2.2. Talent transferring supernatant to a fresh tube and discarding pellet.

4. Binding of GST-SUBEs or GST Control to Glutathione-Agarose Beads
4.1. Prepare glutathione beads by adding 1 milliliter of de-ionized water to 70 milligrams of beads [1] and reconstituting them overnight at 4 C [2]. After swelling, wash the beads 3 times with 10 milliliters of de-ionized water or PBS [3], centrifuging at 300 x g for 5 minutes after each wash [4]. Videographer: This step is important!
4.1.1. Talent adding water to beads. 
4.1.2. Talent putting beads in fridge. 
4.1.3. Talent adding water or PBS to beads. 
4.1.4. Talent putting beads in centrifuge and starting it.
4.2. After the washes, resuspend the beads in 1 milliliter of PBS to obtain a 50% slurry [1]. For each sample, add 100 micrograms of GST-SUBEs (pronounce ‘G-S-T-subes’, rhymes with tubes) or GST control to 100 microliters of the glutathione bead slurry and 500 microliters of PBS [2]. 
4.2.1. Talent resuspending beads. 
4.2.2. Talent adding GST-SUBEs to bead slurry and PBS. 

4.3. Incubate the mixture at 4 C for at least 2 hours while rotating [1-TXT], then recover the beads by centrifugation at 300 x g for 5 minutes [2] and resuspend them in PBS [3]. Videographer: This step is important!

4.3.1. Added shot: Talent putting mixture on rotator. TEXT: 4 ºC, 2 hours
Talent putting mixture in fridge.  NOTE: One shot was added and another was removed, not sure how it was slated. 
4.3.2. Talent putting mixture in centrifuge and starting it. 
4.3.3. Talent resuspending beads in PBS. 


5. GST Pull Down Assay
5.1. Take 10% of the previously prepared cell lysate and dilute it in an equal volume of 3 x boiling buffer [1-TXT]. 

5.1.1. Talent adding boiling buffer to some of the lysate. TEXT: INPUT Fraction

5.2. Add 450 microliters of the clarified lysate to 100 microliters of the glutathione bead slurry [1]. Incubate the lysate with the beads at 4 C for at least 2 hours while slowly rotating [2]. Videographer: This step is important!

5.2.1. Talent mixing lysate with bead slurry. 
5.2.2. Mixture rotating.  TEXT: 4 ºC, 2 hours

5.3. After the incubation, spin down the beads at 300 x g for 5 minutes and collect supernatant for analysis [1]. Transfer 10% of the total volume to a separate tube [2] and add an equal volume of 3 x boiling buffer [3]. Videographer: This step is important and difficult!

5.3.1. Talent putting beads in centrifuge and starting it. 
5.3.2. Talent transferring 10% of the sample into a separate tube. Author NOTE: 5.3.2. and 5.3.3. was filmed as one shot. 
5.3.3. Talent mixing the sample with boiling buffer. TEXT: Flow Through (FT) Fraction 

5.4. Wash the remaining sample 3 times by adding 1 milliliter of ice-cold PBS with 0.05% Tween 20 [1] and spinning it down at 300 x g and 4 C for 1 minute [2]. Carefully aspirate supernatant, making sure that no liquid remains [3-TXT]. Videographer: This step is important and difficult!

5.4.1. Talent adding PBS with 0.05% Tween 20 to beads. 
5.4.2. Talent putting beads in centrifuge and starting it. 
5.4.3. Talent aspirating supernatant until no liquid remains. TEXT: SUBEs BOUND (SB) Fraction

5.5. Then, elute the sample with 15 microliters of 3 x boiling buffer and 15 microliters of lysis buffer [1-TXT]. Videographer: This step is important!

5.5.1. Talent eluting sample. TEXT: BOUND Fraction 
6. Identification and Characterization of SUMO Targets 
6.1. Run a Western Blot analysis according to Manuscript directions [1].
6.1.1. Talent performing Western Blot Analysis  Author NOTE: This part of Western blot was shot in A-F actions. An extra step of boiling the samples was also added.
6.2. If performing Mass Spectrometry, desalt the peptides using stage-tip C18 microcolumns and resuspend them in 0.1% formic acid prior to analysis [1]. Load the samples onto a LC-MS system and analyze them in triplicate [2].
6.2.1. Talent desalting the peptides. 
6.2.2. Talent loading samples onto LC-MS.
6.3. Proceed with protein identification and abundance calculation using the associated software. Perform statistical analysis according to manuscript directions [1]. 
6.3.1. Talent at the computer analyzing results. 



Section – Results
7. Results: Western Blot and Mass Spectrometry Analysis
7.1. This protocol has been used to isolate SUMOylated (pronounce ‘soo-moi-lation’) proteins in mice with glycine N-methyltransferase deficiency, which causes spontaneous development of liver cancer, and their wild type littermates [1]. Ponceau S staining was performed on the input, FT, and BOUND fractions from the SUBEs (rhymes with ‘tubes’) pull-down assay [2]. 
7.1.1. Figure 2. 
7.1.2. Figure 2. Video Editor: Zoom in on Figure 2 a as VO speaks. 
7.2. Western Blot analysis of LKB1 captured with SUBEs shows that the levels of LKB1 SUMOylation are augmented in liver tumors [1].
7.2.1. Figure 2 b. Video Editor: Emphasize the last 4 lanes of the blot (BOUND).
7.3. Human hepatoma cells and non-transformed liver epithelial cells were used to investigate the capacity of the SUMO-trap to interact with naturally SUMOylated proteins [1]. First, conventional protein staining was used to visualize the total material captured with SUBEs [2].
7.3.1. Figure 3. 
7.3.2. Figure 3. Video Editor: Zoom in on Figure 3 a as VO speaks.

7.4. Then, mass spectrometry showed that 742 proteins were enriched in the hepatoma cell SUBEs sample and 577 were enriched in the liver epithelial non-transformed cell SUBEs sample [1]. 

7.4.1. Figure 3 b. 



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

8.1. Teresa Cardosa Delgado: When performing experiments with SUBEs it is important to maintain cells and tissues on ice and add specific inhibitors to the lysis buffer in order to maintain the proteome SUMOylated.

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

8.2. [bookmark: _GoBack]Mikel Azkargorta: After the isolation of the SUMOylated proteome with SUBEs, we can further characterize it by using either Western blot analysis or Mass Spectrometry.

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

8.3. María Luz Martínez-Chantar: The application of the SUBEs to isolate and characterize the SUMOyalted proteome in liver cancer tissues and hepatoma cells is paving the way to explore the role of the post-translational modification of SUMO in liver cancer, which may provide a potential therapeutic mechanism.

8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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