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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? 
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.)
2.6, 3.2, 3.3 and 3.5
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.)
3.3
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? Three labs that are very close and located on the same floor.

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. Takuro Miyazaki: Researching protein-protein interactions is indispensable for understanding physiologic processes in cell biology fields. In this video, we introduce on-membrane digestion technique, which allows researchers to perform a comprehensive analysis of binding proteins by LC-MS/MS, in a convenient manner. 

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

1.2. Takashi Obama: The main advantage of this technique is that we can improve the throughput of proteomic analysis for crude immunoprecipitants, because separation of proteins by polyacrylamide gel electrophoresis is not necessary. 

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

















Section - Protocol
2. Immunoprecipitation
2.1. Begin by conjugating the antibody to the magnetic beads [1] by mixing the anti-GFP antibody with the beads in 500 microliters of citrate phosphate buffer [2-TXT].
2.1.1. WIDE: Establishing shot of talent at the bench.
2.1.2. CU: Talent adding antibody and beads to the test tube. TEXT: See manuscript for detailed instructions 
2.2. Rotate the mixture at 50 rpm for 1 hour at room temperature [1] and then wash the conjugated beads three times with citrate phosphate buffer containing 0.1% Polysorbase 20 [2]. 
2.2.1. MED: Mixture rotating. 
2.2.2. CU: Talent washing beads.
2.3. Lyse transfected cells according to manuscript directions [1], scrape the dish and transfer the lysate into the 1.5-mL test tube [2]. Then, clear the lysate by centrifuging at 15,000 x g for 5 minutes [3] and collecting the supernatant [4]. 
2.3.1. MED: Talent adding lysis buffer to cells and placing them on ice.
2.3.2. MED: Talent scrape the dish and transfer the lysate into the 1.5-mL test tube.
2.3.3. MED: Cells centrifuging.
2.3.4. CU: Talent removing supernatant.
2.4. Prepare unlabeled magnetic beads by washing them 3 times with 500 microliters of citrate phosphate buffer [1-TXT]. After the final wash, remove the buffer and add cell lysate to the beads [2]. Rotate the mixture at 50 rpm for 30 minutes at room temperature [3]. 
2.4.1. CU: Talent washing magnetic beads with buffer. TEXT: 25 μL beads per reaction 
2.4.2. CU: Talent adding cell lysate to beads.
2.4.3. MED: Mixture rotating.

2.5. Perform magnetic separation on a magnetic stand [1-TXT] and collect the cell lysate [2]. To bind the target proteins to the immunoglobulin-conjugated beads, place the beads on the magnetic stand for 5 minutes [3], discard the citrate buffer, and add the cell lysate to the beads [4]. Rotate the mixture for 1 hour at 50 rpm [5].

2.5.1. CU: Tubes on magnetic stand. TEXT: 5 minutes
2.5.2. CU: Talent collecting cell lysate.
2.5.3. MED: Talent placing tube with conjugated beads on magnetic stand.
2.5.4. CU: Talent adding cell lysate to beads.
2.5.5. MED: Mixture rotating. 

2.6. To separate target proteins from the free non-target proteins wash the beads 3 times with 500 microliters of citrate phosphate buffer containing 0.1% Polysorbate 20 [1]. After the final wash, add 30 microliters of citrate buffer [2-TXT] and let the beads sit for 5 minutes at room temperature to elute the target proteins [3]. Videographer: This step is important!
2.6.1. MED: Talent washing beads.
2.6.2. CU: Talent adding citrate to tube. TEXT: pH 2 - 3
2.6.3. CU: Beads sitting at room temperature.

3. On-membrane Digestion of Proteins 
3.1. To prepare the membrane, cut PVDF membranes into 3 millimeter by 3 millimeter pieces using surgical scissors that were cleaned immediately prior to use [1]. Place the pieces of membrane on aluminum foil and add 2 to 5 microliters of ethanol to each piece [2].
3.1.1. CU: Talent cutting membrane.
3.1.2. CU: Talent putting ethanol on membrane piece.
3.2. Before membranes are completely dry, add 2 to 5 microliters of the protein eluent to each piece [1-TXT] and air-dry them until the membrane surface becomes matte [2]. Then, transfer membranes into 1.5 milliliter tubes [3] and store them at 4 C [4]. Videographer: This step is important!
3.2.1. CU: Talent adding eluate to membrane pieces. TEXT: Use 4-6 pieces per sample
3.2.2. CU: Matte membrane. 
3.2.3. CU: Talent transferring membrane into a tube.
3.2.4. WIDE: Talent placing membranes in fridge. 
3.3. If using immediately, and add 20 to 30 microliters of ethanol, which will make them hydrophilic [1]. Remove the ethanol with a pipette, but before the membranes dry completely add 200 microliters of DTT-based reaction solution [2-TXT] to each tube and incubate them at 56 C for 1 hour [3]. Videographer: This step is important and most difficult!
3.3.1. CU: Talent adding ethanol to tube.
3.3.2. CU: Talent adding DTT-based solution to membrane. TEXT: See manuscript for solution preparation 
3.3.3. MED: Talent placing tubes into incubator.
3.4. After incubation, replace the reaction solution with 300 microliters of iodoacetamide solution [1] and incubate in the dark for 45 minutes [2]. 
3.4.1. MED: Talent removing reaction solution and adding iodoacetamide solution.
3.4.2. MED: Talent placing tubes in dark incubator.
3.5. Then, wash the membranes twice with distilled water and once with 2% acetonitrile [1-TXT] by vortexing for at least 10 seconds [2]. Videographer: This step is important!
3.5.1. CU: Talent adding water to tube. TEXT: 1mL
3.5.2. MED: Talent vortexing tube.

3.6. Takashi Obama: Working with dithiothreitol and acetonitrile can be extremely hazardous. A mask, glasses, and gloves should always be worn when performing the on-membrane digestion procedure.

3.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking at the camera. Videographer: Because this is a warning statement the talent should be looking more directly at the camera than for the other interview statements.

3.7. Prepare trypsin according to manuscript directions and add 100 microliters of trypsin-reaction solution to each membrane [1]. Incubate overnight at 37 C for digestion [2].

3.7.1. CU: Talent adding trypsin solution to tube.
3.7.2. MED: Tubes in incubator.

3.8. On the next day, transfer the reaction solution into a clean 1.5 milliliter tube [1] and add 100 microliters of wash solution to the membrane [2]. Incubate the membrane at 60 C for 2 hours, then collect the wash solution and mix it with the reaction solution [3]. 

3.8.1. MED: Talent pipetting solution into a clean tube.
3.8.2. CU: Talent adding wash solution to membrane.
3.8.3. MED: Talent transferring wash solution to reaction solution. 

3.9. [bookmark: _GoBack]Add another 100 microliters of wash solution to the membrane [1] and sonicate it for 10 minutes [2]. Then collect the wash solution and mix it with the reaction solution [3]. Cover the test tube with a piece of laboratory film and make small holes on the film with a needle [4]. 

3.9.1. CU: Talent adding wash solution to membrane.
3.9.2. MED: Talent sonicating solution.
3.9.3. MED: Talent transferring wash solution to reaction solution. 
3.9.4. CU: Talent covering the test tube with a piece of laboratory film and making small holes with a needle.

3.10. Dry the solution using a vacuum concentrator [1] and dissolve the residue in 10 microliters of 0.2% formic acid [2]. Centrifuge the tube at 12,000 x g for 3 minutes [3] and transfer the supernatant into a sample tube [4]. Analyze sample using a mass spectrometer linked with a nano-LC HPLC system [5].

3.10.1. WIDE: Talent using vacuum concentrator. 
3.10.2. CU: Talent dissolving residue. 
3.10.3. MED: Talent placing tube in centrifuge. 
3.10.4. CU: Talent transferring supernatant.
3.10.5. WIDE: Talent analyzing samples with MS instrument.

Section – Results
4. Results: GFP and Calpain-6 Associated Proteins 
4.1. Using this protocol, 17 proteins were identified in the calpain-6-associated immunoprecipitant [1], 15 in the GFP-associated immunoprecipitant [2], and 11 were identified in both [3]. 

4.1.1. Figure 2. Video editor: Emphasize the list of calpain-6-associated proteins
4.1.2. Figure 2. Video editor: Emphasize the list of GFP-associated proteins
4.1.3. Figure 2.

4.2. It is important to note that detection of at least one high-fidelity peptide fragment is required for positive identification of a candidate protein. Proteins that precipitated in the GFP-expressing lysate as well as histones, exogenous, and ribosomal proteins were omitted from the list [1]. 

4.2.1. Figure 2.



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

5.1. Takashi Obama: _ Washing the membranes before tryptic digestion with distilled water and 2% acetonitrile [1] is the most important step in the procedure of on-membrane digestion of proteins [2]. 
5.1.1. Use 3.5.2.
5.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Takuro Miyazaki: Following this method, it is possible to confirm co-precipitation of the target proteins by conducting other experiments, such as immunoprecipitation-western blot analysis. 

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Takuro Miyazaki: This simple method allows researchers to explore novel protein-protein interactions with a convenient and highly sensitive analysis.

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