[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 60780
Scriptwriter Name: Qingyun Ping
Project Page Link: http://www.jove.com/files_upload.php?src=18537948

[bookmark: _Hlk17713327]Title: Simultaneous Affinity Enrichment of Two Post-Translational Modifications for Quantification and Site Localization 

Authors and Affiliations:  Xueshu Xie1, Samah Shah1, Anja Holtz1, Jacob Rose1, Nathan Basisty1, Birgit Schilling1

1Buck Institute for Research on Aging, Novato, CA, USA 


Corresponding Author: 
Birgit Schilling
bschilling@buckinstitute.org

Email addresses for Co-authors: 
xxie@buckinstitute.org
sshah@buckinstitute.org
anja.holtz14@gmail.com
jrose@buckinstitute.org
nbasisty@buckinstitute.org




Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 

2. Does your protocol include software usage? (Y/N) Y  (software = Analyst – operating software for mass spectrometer)

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.)
3.4.1.   3.4.2.   3.6.1.   3.6.2.    4.2.3.    4.5.2. 

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.)
3.4.2.   4.2.3. 
5. Will the filming need to take place in multiple locations? (Y/N) Y. All locations are in a radius of 20 meters area.
- the wet lab area      -the proteomics lab
-the cold room         -the MS lab         
-the speedvac room    -the learning center for interview


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. Birgit Schilling Nathan Basisty: This protocol describes a novel technique for simultaneous enrichment of multiple PTMs with antibodies, followed by data-independent acquisition MS analysis to gain biological insights into PTM site localizations and crosstalk [1]. 
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Xueshu Xie: This is a time- and cost-effective technique which enables the simultaneous identification and quantification of peptides with lysine containing acetylation and succinylation PTMs with only small amounts of sample input [1]. 
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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

1.3. Jacob Rose: Tracking post-translational modifications is an important step in characterizing and combating different disease states. We are already aware that certain cancers and diabetes are highly regulated through these protein modifications [1].
1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. Nathan Basisty: This method can theoretically apply to any PTMs with antibodies for enrichment, such as ubiquitination, phosphorylation, and others. It can also apply to other tissue types, or cell culture models [1].
1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.5. Samah Shah: The key to obtaining valuable data using this technique is reproducibility. This can be achieved by ensuring all steps are performed very carefully, particularly the steps involving the antibody beads [1].
1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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

1.6. Procedures involving animal subjects have been approved by the Institutional All experiments described in the protocol follow the guidelines of the Buck Institute Institutional Animal Research Committee.
1.1. 

Section - Protocol
2. Desalting of Non-Enriched Proteolytic Peptides via Large-Scale Solid-Phase Extraction
2.1. To begin, obtain cartridges containing C18 (pronounce as C-eighteen) resin that can bind up to 10 milligrams of protein. Fit these cartridges into a vacuum apparatus [1]. 
2.1.1. Talent shows the cartridges, and fits them into a vacuum apparatus.
2.2. Add 800 microliters of 80% acetonitrile in 0.2% formic acid to the cartridges with 19.8% water and starts vacuum suction to pull the liquid through [1]. Repeat this step 1 time, avoiding drying of the cartridges completely [2].
2.2.1. Talent adds solution to the cartridges and starts vacuum. Videographer: Take multiple shots, as this will be used later.
2.2.2. Talent adds more solution to the cartridges.
2.3. Equilibrate the cartridges by adding 800 microliters of 0.2% formic acid in water with vacuum suction. Repeat this twice [1]. Load 1 milligram peptides in about 1000 microliter solution onto the cartridges with vacuum suction [2]. Wash the peptides twice with 800 microliters of 0.2% formic acid in water under vacuum suction [3]. 
2.3.1. Use 2.2.1. Talent adds 0.2% formic acid solution.
2.3.2. Talent loads peptides.
2.3.3. Use 2.2.1. Use 2.3.1.
2.4. Then, arrange 1.5-milliliter microcentrifuge tubes beneath each cartridge to collect the peptide [1]. Under vacuum suction, elute peptides from cartridges, first with 800 microliters of 80% acetonitrile in 0.2% formic acid and 19.8% water [2], then with 400 microliters of the same solution [3]. 
2.4.1. Talent places tubes beneath each cartridge.
2.4.2. Talent adds 800 microliters of solution, with view of solution eluting into the tubes.
2.4.3. Talent adds 400 microliters of solution, with view of solution eluting into the tubes.
2.5. Dry the desalted peptide samples completely in a vacuum concentrator for 2 to 3 hours [1].
2.5.1. Talent places the tubes into a vacuum concentrator.

3. Simultaneous Enrichment of K-acetylated and K-succinylated Peptides with Immunoaffinity Beads
3.1. Now, resuspend the dried peptides in 1.4 milliliters of cold 1x immuno-affinity purification buffer [1]. Vortex to mix [2] and ensure a pH of approximately 7 [3]. Centrifuge the samples at 10,000 times g for 10 minutes at 4 degrees Celsius [4-TXT]. A small pellet appears [5].
3.1.1. Talent adds buffer into one tube.
3.1.2. Talent vortexes the tube.
3.1.3. Talent tests the pH.
3.1.4. Talent places the tubes into a centrifuge. TEXT: 10,000 x g; 10 min
3.1.5. Talent takes out one tube and show the pellet.
3.2. Set the peptides aside on ice while preparing antibody-beads [1]. Add 1 milliliter of cold 1x PBS to a tube containing 100 microliters of K-acetyl antibody bead slurry and a tube containing 100 microliters of K-succinyl antibody bead slurry [2], and mix by pipetting [3]. 
3.2.1. Talent places the tubes on ice.
3.2.2. Talent adds buffer into two tubes, and pipets up and down to mix.
2.1.1. Added shot: Talent pipets the solution up and down.
2.2. Transfer the entire solution to new 1.5-milliliter tubes [1], and spin in a miniature centrifuge for 30 seconds at room temperature [2]. Aspirate the PBS, taking care to avoid aspirating off any beads [3]. Repeat the wash 3 additional times [4].
2.2.1. Talent transfers solution into new tubes.
2.2.2. Talent places the tubes into a miniature centrifuge.
2.2.3. CU: Talent removes the PBS from one tube.
2.2.4. CU: Talent adds 1mL PBS into the tube.
2.3. Next, resuspend the beads in about 440 microliters of PBS. Pipette the beads several times to mix well [1]. With 200-microliter precut tips, transfer 100 microliters each of acetyl-lysine antibody beads and succinyl-lysine antibody beads into a new tube [2]. 
2.3.1. CU: Talent adds 440 microliters of PBS into the tube of beads, and mixes. Important Step
2.3.2. Talent transfers beads from two tubes into a new tube. Important Step
2.4. Spin down for 30 seconds in a miniature centrifuge [1] and aspirate off the media with gel loader tip. The beads now turn white [2].  
2.4.1. Talent places the tube into a miniature centrifuge.
2.4.2. CU: Talent removes the media, and shows the beads.
2.5. Pipette the resuspended peptide directly onto the washed beads [1], and incubate the peptides with beads at 4 degrees Celsius overnight with agitation [2]. 
2.5.1. Talent adds peptide onto the beads. Important Step
2.5.2. Talent places the tubes onto an agitator in the cold room. Important Step
3. Elution of the Peptides Bound to Antibody Beads
3.1. In the morning, spin the peptide samples at 2,000 times g for 30 seconds at 4 degrees Celsius [1-TXT]. Remove the supernatant containing unbound peptides and save for future experiments if desired [2]. 
3.1.1. Talent transfers the tubes from the refrigerator into a centrifuge. TEXT: 2,000 x g; 30 s
3.1.2. CU: Talent removes the supernatant.
3.2. Add 1 milliliter of cold 1x immuno-affinity purification buffer to the beads to wash and mix by inverting 5 times [1]. Spin at 2,000 times g for 30 seconds at 4 degrees Celsius [2]. Aspirate off the immuno-affinity purification solution and repeat the immuno-affinity purification wash step one more time [3].
3.2.1. CU: Talent adds buffer, and inverts. Videographer: Take multiple shots, as this will be used later.
3.2.2. Talent places the tubes into a centrifuge. Videographer: Take multiple shots, as this will be used later.
3.2.3. Talent removes the supernatant and adds buffer. Videographer: Take multiple shots, as this will be used later. Important Step
3.3. Then, add 1 milliliter of cold HPLC water to the beads and mix by inverting 5 times [1]. Spin at 2,000 times g for 30 seconds at 4 degrees Celsius [2]. Aspirate off the water, and repeat the water wash step two additional times [3]. 
3.3.1. Use 4.2.1. Talent adds buffer (HPLC water), and inverts.
3.3.2. Use 4.2.2.
3.3.3. Use 4.2.3. Talent aspirates and adds more HPLC water.
3.4. Spin an additional time at 2,000 times g for 30 seconds at 4 degrees Celsius [1] to collect any remaining water in the bottom of the tube. With flat-tipped gel loading tips, aspirate off any extra water that have collected. Be careful to avoid aspirating the beads [2].
3.4.1. Use 4.2.2.
3.4.2. CU: Talent removes extra water from the bottom of the tube.
3.5. Add 55 microliters of 0.15 percent trifluoroacetic acid in water to the beads [1]. Incubate the beads for 10 minutes at room temperature while occasionally tapping the bottom of the tube to mix [2].
3.5.1. CU: Talent adds 55 microliters of solution into the tube.
3.5.2. CU: Talent taps the bottom of the tube, focus on the bottom of the tube. Important Step
3.6. Spin the beads at room temperature for 30 seconds in a miniature centrifuge [1]. Use a flat-tipped gel-loading tip to transfer the eluted peptides into a new tube [2].
3.6.1. Talent places the tube into a miniature centrifuge.
3.6.2. CU: Talent transfers the peptides into a new tube.
3.7. Add 45 microliters of 0.15% trifluoroacetic acid in water to the beads [1]. Incubate for 10 minutes at room temperature while tapping the bottom of the tube occasionally to mix [2]. Spin the beads at room temperature for 30 seconds in a miniature centrifuge [3]. Remove the second elution using a flat-tipped gel-loading tip and combine it with the first elution [4]. 
3.7.1. CU: Talent adds 45 microliters of solution into the tube.
3.7.2. CU: Talent taps the bottom of the tube, focus on the bottom of the tube.
3.7.3. Talent places the tube into a miniature centrifuge.
3.7.4. CU: Talent transfers the peptides into the tube containing peptides.
3.8. Spin the combined eluted peptides at 12,000 times g for 5 minutes at room temperature to pellet any beads that carry over [1-TXT]. Transfer the peptides sample solution into a new 500-microliter tube [2].
3.8.1. Talent places the tube into a centrifuge. TEXT: 12,000 x g; 5 min
3.8.2. CU: Talent transfers the solution into a new tube.
	
4. Data Acquisition Using DDA (Data-Dependent Acquisition) and DIA (Data-Independent Acquisition)
4.1. Build the loading method to load the enriched peptides mixtures onto a C18 (pronounce as C-eighteen) pre-column chip and desalt the peptides again by washing with mobile phase A at 2 microliters per minute for 10 minutes.
4.1.1. SCREEN: Talent shows the loading method.
4.2. Build the chromatography method such that peptides are transferred to an analytical column and elute at a flow rate of 300 nanoliters per minute with a 2 to 3 hour gradient using mobile phases A and B. 
4.2.1. SCREEN: Talent changes loading method opens the chromatography method. 
4.3. Specifically, use a linear gradient from 5% mobile phase B to 35% mobile phase B over 80 minutes. Subsequently, ramp the mobile phase B to 80% over 5 minutes, then hold at 80% B for 8 minutes before returning to 5% B for a 25-minute re-equilibration [1].
4.3.1. SCREEN: Talent shows the chromatogram method tab that displays these settings in the software (on the screen) and points to the settings.
4.4. Next, build a MS instrument method for data-dependent acquisition [1].
4.4.1. SCREEN: Talent operates on the computer begins a new method on the computer.
4.5. For experiment 1, set up MS1 precursor ion scan from m over z 400 to 1,500. Set the duration to 120 minutes. Create an IDA (pronounce I-D-A) experiment and click OK. Under the “Switch Criteria” tab, set the intensity threshold to trigger MS/MS (pronounce as M-S-M-S) scans for ions of charge states between 2 to 5 to 200 counts per second. Set the dynamic exclusion of precursor ions to 60 seconds [1]. 
4.5.1. SCREEN: Talent adjusts settings.
4.6. For experiment 2, set MS/MS product ion scan with a MS2 scan range from m over z 100 to 1,500. Click “Edit Parameters” and set the collision energy spread to 5, and select the “high sensitivity product ion scan mode” [1].
4.6.1. SCREEN: Talent adjusts settings.
4.7. Finally, place the sample into the autosampler [1], submit the sample queue [2] and start LC-MS/MS acquisition methods [3]. 
4.7.1. Talent places the tube with the peptides mixture into the autosampler.
4.7.2. Talent submits the sample queue. 
4.7.3. The acquisition method starts and autosampler picks up the solution. 
4.8. Building a MS instrument method for data-independent acquisition and defining two instrument scan experiments [1].
4.8.1. Talent operates on the computer.
4.9. Perform MS1 precursor ion scans from 400 to 1,250 mass-to-charge and set the duration to 120 minutes. Set the collision energy spread to 10 and accumulation time to 45 milliseconds, then select the “high sensitivity product ion scan mode” [1]. 
4.9.1. SCREEN: Talent starts a new method and adjusts settings.
4.10. Next, import a text file containing the 64 variable window DIA/SWATH (pronounce as D-I-A-SWATH) acquisition scheme to populate SWATH (pronounce as word “SWATH”) acquisition windows into the method [1]. 
4.10.1. SCREEN: Talent imports the SWATH isolation window scheme.
4.11. In this acquisition scheme, variable windows ranging from 5 to 90 mass-to-charge in width are passed in incremental steps over the full mass range of 400 to 1,250 mass-to-charge, with a total of 64 SWATH segments, each with a 45 millisecond accumulation time. Adjust the MS1 (pronounce each letter, ‘M’-‘S’-‘1’) accumulation time to 0.25 seconds. Together, the MS1 scan and sixty-four MS2 (pronounce each letter, ‘M’-‘S’-‘2’) scans should now yield a total cycle time of 3.2 seconds [1]. 
4.11.1. SCREEN: Talent points to and adjusts the settings accordingly.


Section – Results
5. Results: One-pot Enrichment of PTMs
5.1. In this study, experimental results documented the possibility of detecting and assessing PTM (pronounce as P-T-M) crosstalk [1]. 
5.1.1. LAB MEDIA: Figure 1
5.2. This table shows how the timeline of the workflow and the amounts of sample and protein required [1]. The one-pot method can be performed in half as much time and with half the number of samples [2] as these alternative methods [3].
5.2.1. LAB MEDIA: Figure 2A
5.2.2. LAB MEDIA: Figure 2A – Video editor: Emphasize the “one-pot” column.
5.2.3. LAB MEDIA: Figure 2A – Video editor: Emphasize the “Serial” and “2 Single PTMs” columns.
5.3. The median coefficient of variation for the modified peptide areas was lower in the one-pot method than in the single-PTM and serial-PTM enrichments [1]. 
5.3.1. LAB MEDIA: Figure 2B – Video editor: Emphasize the “one-pot” part.
5.4. While comparing the one-pot PTM and single-PTM enrichment methods, no noteworthy differences were apparent between the correlations of site-level quantifications for the two modifications [1]. 
5.4.1. LAB MEDIA: Figure 2C&D
5.5. This figure displays data from a successful enrichment and illustrates an example for a peptide containing multiple and different acyl modifications visualizing PTM crosstalk [1].
5.5.1. LAB MEDIA: Figure 3
5.6. A peptide was acetylated on one lysine residue and succinylated on the other [1], while here, the same peptide was succinylated at both lysines [2]. This demonstrates that the same lysine residue can be modified with both acylation groups, and there is a possibility of crosstalk occurring at that site [3].
5.6.1. LAB MEDIA: Figure 3A
5.6.2. LAB MEDIA: Figure 3B
5.6.3. LAB MEDIA: Figure 3


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Xueshu Xie: It’s essential to make sure that each sample contains the same amount of beads [1], and make sure that none of the beads are aspirated accidentally when washing peptide-bound beads [2].
6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. – Video editor: B-roll suggestion: Shot 3.4.2
6.1.2. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. - Video editor: B-roll suggestion: Shot 4.2.3
6.2. [bookmark: _GoBack]Nathan Basisty: Mass spectrometry-based profiling and data analysis in software tools such as Spectronaut are performed following this procedure to identify, quantify, and perform site-localization of PTMs [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.3. Birgit Schilling Samah Shah: This data-independent acquisition workflow in combination with simultaneous PTM enrichment will open avenues to more efficiently assess PTM crosstalk and provide better insights into the relevance of PTM signaling [1].
6.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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