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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen captured video files to your project page as soon as possible.

3. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 11/09/2023

When you are ready to submit your video files, please contact our Content Assistant, Utkarsh Khare. 

Current Protocol Length
Number of Steps: 19
Number of Shots: 31

Interviews 
1. [bookmark: _Hlk138956231]Video 1: Author Spotlight: Enhanced Histone PTM Isomer Identification Through LC-TIMS-ToF MS/MS and PASEF

What is the scope of your research? What questions are you trying to answer? 
1.1. Meiby Fernandez-Rojas: A method is proposed using histone extraction protocol with 95% efficiency. Together with LC-TIMS-ToF MS/MS, in a short time, it is possible to obtain a screening of those PTMs present in the histones and, above all, the possibility of separating isomers.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What advantage does your protocol offer compared to other techniques?
1.2. Cassandra N. Fuller: The separation of isomeric peptides, though possible using tandem mass-spectrometry alone, is often difficult. By incorporating TIMS, we introduce an extra dimension of separation, simplifying many positional isomer identifications. In addition, PASEF technology increases the sensitivity of these experiments, further improving our ability to analyze epigenetic variations.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 3.1.3 and 3.1.4

How will your findings advance research in your field?
1.3. Cassandra N. Fuller: With the increased ability to identify PTM positions, there comes the ability to further determine the correlation between various environmental or biological factors and their effects on the epigenome. Methods that improve and facilitate the analysis of histones can be applied to several research areas, including medical and environmental chemistry. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.7.1 and 2.8.1

What research questions will your laboratory focus on in the future?
1.4. Meiby Fernandez-Rojas: The dynamics of protein conformations in native or damaged states will be established from the implementation of TIMS-MS/MS with HDX. Through LC-TIMS-ToF MS/MS and nLC-TIMS-ToF MS/MS, the differences in PTMs existing in various biological samples will be studied.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.10 and 2.12.1

Protocol Videos 
2. Video 2: Configuring and Calibrating the TIMS Software Interface for Proteomic Analysis
Demonstrator: Cassandra Fuller
Protocol
2.1. Open the timsControl (tims-control) software [1]. Select the Instrument tab and switch to Operate [2]. Verify the TIMS parameters [3], then check the MS (M-S) settings, including the scan begin, scan end, ion polarity, and scan mode [4].
2.1.1. WIDE: Talent clicking on the timsControl software icon with monitor/screen visible in the frame.
2.1.2. SCREEN: Instrument tab then being Operate clicked. 	Comment by Cassandra Fuller: One recording: 2.1.2-2.2.1
2.1.3. SCREEN: Checking the TIMS parameters. 
2.1.4. SCREEN: Visualizing/setting the MS parameters. Authors: Please show the parameters using the mouse cursor.

2.2. Double-check the TIMS settings, including the mode, mobility start, mobility end, ramp time, accumulation time, duty cycle, ramp rate, MS rate, MS averaging, and auto-calibration [1].
2.2.1. SCREEN:  Visualizing/setting the TIMS parameters. Authors: Please show the parameters using the mouse cursor.

2.3. Next, go to the Source tab and activate the syringe option, Hamilton 500 µL (microliter), only for the TuneMix (tune-mix) calibration step [1].
2.3.1. SCREEN:  From the Source tab, activating/selecting the syringe option Hamilton 500 µL.	Comment by Cassandra Fuller: One recording: 2.3.1-2.5.3

2.4. Move to the Calibration tab. Click on the mass to charge, and under Calibration Mode, choose the Enhanced Q mode [1]. Control the zoom to + (plus) 0.01%.[2]. Then, click Calibrate, and when a score of 100% is achieved, click accept [3].
2.4.1. SCREEN: Calibration tab is opened. Then, m/z is clicked, and under Calibration Mode, Enhanced Q mode is selected.
2.4.2. SCREEN: Zoom is controlled/set to +0.01%.
2.4.3. SCREEN Calibrate is clicked. A screen showing a calibration score of 100% and accept is clicked.

2.5. Next, go to the mobility tab, and under Calibration Mode, select Linear Mode [1]. Set the detection range to + (plus) 5% and width to 0.1 Daltons [2]. Then, click Calibrate, and upon receiving a score ≥ 98.5%, click accept [3].
2.5.1. SCREEN: The mobility tab is opened, and under Calibration Mode, Linear Mode is selected.
2.5.2. SCREEN: Setting the detection range to +5% and width to 0.1 Da.
2.5.3. SCREEN: Calibrate is clicked. A screen showing a calibration score of ≥ 98.5% and accept is clicked.

2.6. 
2.6.1. 

2.6.2. 
Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20004693
3. Video 23: LC-TIMS-PASEF-ToF MS/MS Method for Proteolytic Histone Peptide Analysis
Demonstrator: Meiby Fernandez-Rojas
Protocol
3.1. To develop an LC-TIMS (L-C-tims)-ToF (tof) MS/MS (MS-MS) method for analyzing proteolytic histone peptides [1], couple an HPLC (H-P-L-C) fitted with a C18 (C-eighteen) column with a commercial TIMS-TOF MS instrument with proprietary PASEF (PASS-eff) technology [2-TXT].
3.1.1. WIDE: Establishing shot of talent turning on the LC-TIMS-Tof spectrometer. 

3.2. Next, set the nano-electrospray ionization operating conditions to 4500 Volt capillary voltage, 800 Volt endplate offset, 4 bar nebulizer pressure, 4 liters per min dry gas, 250 degrees Celsius dry heater, and 200 microliters per minute injection flow rate [1].
3.2.1. SCREEN: Setting the nano-electrospray ionization operating condition parameters.

3.3. Configure the MS settings to 6 electron Volt collision energy, 1200 Vpp (V-P-P) collision RF (R-F), 75 microseconds transfer time, and 5 microseconds prepulse storage [1].
3.3.1. SCREEN: Configuring MS settings.
3.4. To develop an LC-TIMS (L-C-tims)-ToF (tof) MS/MS (MS-MS) method for analyzing proteolytic histone peptides [1], couple an HPLC (H-P-L-C) fitted with a C18 (C-eighteen) column with a commercial TIMS-TOF MS instrument with proprietary PASEF (PASS-eff) technology [2-TXT].
3.4.1. WIDE: Establishing shot of talent turning on the LC-TIMS-Tof spectrometer. 
3.4.2. SCREEN: Using PASEF technology, coupling an HPLC C18 column with a TIMS-TOF MS instrument. TXT: PASEF: Parallel Accumulation–Serial Fragmentation

[bookmark: _Hlk143710549]Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20004693
3.5. Adjust the injection volume to 20 microliters, corresponding to 8 micrograms of the sample, and set the flow rate to 0.4 milliliters per minute [1-TXT]. 
3.5.1. SCREEN: Setting the injection volume to 20 µL and flow rate to 0.4 mL/min. TXT: Sample: Histone extracted from HeLa S3 cell line	Comment by Cassandra Fuller: One recording: 3.4.1-3.5.1

3.6. After entering the specified gradient timeline and acetonitrile with 0.1% formic acid percentages [1], run a 60-minute, non-linear LC (L-C) gradient using water and acetonitrile, both with 0.1% formic acid [2].
3.6.1. SCREEN: Entering gradient timelines and percentages for acetonitrile- formic acid solvent.
3.6.2. SCREEN: Starting a non-linear LC gradient run.

3.7. Verify sample elution from the HPLC into the TIMS-TOF via nano-electrospray ionization in positive ionization mode [1].
3.7.1. SCREEN: Recording/visualizing sample elution process.

3.8. Next, set the nano-electrospray ionization operating conditions to 4500 Volt capillary voltage, 800 Volt endplate offset, 4 bar nebulizer pressure, 4 liters per min dry gas, 250 degrees Celsius dry heater, and 200 microliters per minute injection flow rate [1].
3.8.1. SCREEN: Setting the nano-electrospray ionization operating condition parameters.

3.9. Configure the MS settings to 6 electron Volt collision energy, 1200 Vpp (V-P-P) collision RF (R-F), 75 microseconds transfer time, and 5 microseconds prepulse storage [1].
3.9.1. SCREEN: Configuring MS settings.

3.10. Determine the drift gas flow using the pressure difference from the entrance funnel P1 (P-one) and the exit funnel P2 (P-two) [1].
3.10.1. SCREEN: Determining drift gas flow using pressure differences.

Data Analysis
3.11. To identify peptide sequences and modification sites, under the MS-digest tool, generate a theoretical list of peptides using ProteinProspector (Protein-prospector) [1-TXT].
3.11.1. SCREEN: Under the MS-digest tool, generating a theoretical list of peptides using ProteinProspector. TXT: https://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msdigest	Comment by Cassandra Fuller: One recording: 3.7.1-3.8.1

3.12. Then, perform a theoretical digest considering the digest conditions, types of post-translational modifications, peptide size range, mass detection range, and the potential number of missed cleavages [1].
3.12.1. SCREEN: Performing theoretical digest using the given parameters.

3.13. To analyze the acquired data, search for the masses at several charge states, ranging from +1 (plus-1) to +4 (plus-4), for each theoretical peptide [1].
3.13.1. SCREEN: Analyzing the acquired data, utilizing theoretical peptides as a reference.	Comment by Cassandra Fuller: One recording: 3.9.1-3.10-1

3.14. After identifying each mass-to-charge ratio, select the peak and confirm the MS/MS (M-S-M-S) using a theoretical list of fragmentation ions based on the peptide sequence, including post-translational modifications [1]. 
3.14.1. SCREEN: Selecting peak from the m/z ratio graph, then confirm the MS/MS process and PTMs.

3.15. To perform internal calibration for mass-to-charge ratio and mobility, inject the ESI (E-S-I)-ToF (tof) calibration mix into the ionization source [1]. 
3.15.1. Talent injecting ESI-ToF calibration mix into the ionization source. 

3.16. Once a good signal is obtained, under the Calibration button, then m over z sub-tab, click on Calibrate to calibrate the instrument for mass to charge [1]. Once the calibration score reaches 100%, click the Accept button [2]. Repeat the same procedure for mobility calibration until the score is ≥ (greater than or equal to) 95%. Then, click the Accept button [3].
3.16.1. SCREEN: Shot of m/z signal. Then, under the Calibration > m/z tab, the Calibrate button is clicked. 
3.16.2. SCREEN: Calibration scores reach 100 %, then the Accept button is clicked.
3.16.3. SCREEN: Under the Calibration > m/z tab, the Calibrate button is clicked. Calibration scores reach 100 %, then the Accept button is clicked.

3.17. To identify peptide sequences and modification sites, under the MS-digest tool, generate a theoretical list of peptides using ProteinProspector (Protein-prospector) [1-TXT].
3.17.1. [bookmark: _Hlk147825769]SCREEN: Under the MS-digest tool, generating a theoretical list of peptides using ProteinProspector. TXT: https://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msdigest

3.18. Then, perform a theoretical digest considering the digest conditions, types of post-translational modifications, peptide size range, mass detection range, and the potential number of missed cleavages [1].
3.18.1. SCREEN: Performing theoretical digest using the given parameters.

4. Video 3: Configuring and Calibrating the TIMS Software Interface for Proteomic Analysis
Demonstrator: Cassandra Fuller
Protocol
4.1. Open the timsControl (tims-control) software [1]. Select the Instrument tab and switch to Operate [2]. Verify the TIMS parameters [3], then check the MS (M-S) settings, including the scan begin, scan end, ion polarity, and scan mode [4].
4.1.1. WIDE: Talent clicking on the timsControl software icon with monitor/screen visible in the frame.
4.1.2. SCREEN: Instrument tab then being Operate clicked. 
4.1.3. SCREEN: Checking the TIMS parameters. 
4.1.4. SCREEN: Visualizing/setting the MS parameters. Authors: Please show the parameters using the mouse cursor.

4.2. Double-check the TIMS settings, including the mode, mobility start, mobility end, ramp time, accumulation time, duty cycle, ramp rate, MS rate, MS averaging, and auto-calibration [1].
4.2.1. SCREEN:  Visualizing/setting the TIMS parameters. Authors: Please show the parameters using the mouse cursor.

4.3. Next, go to the Source tab and activate the syringe option, Hamilton 500 µL (microliter), only for the TuneMix (tune-mix) calibration step [1].
4.3.1. SCREEN:  From the Source tab, activating/selecting the syringe option Hamilton 500 µL.

4.4. Move to the Calibration tab. Click on the mass to charge, and under Calibration Mode, choose the Enhanced Q mode [1]. Control the zoom to + (plus) 0.01% and STD Dev (standard deviation) to 0.24 [2]. Then, click Calibrate, and when a score of 100% is achieved, click accept [3].
4.4.1. SCREEN: Calibration tab is opened. Then, m/z is clicked, and under Calibration Mode, Enhanced Q mode is selected.
4.4.2. SCREEN: Zoom is controlled/set to +0.01% and STD Dev to 0.24.
4.4.3. SCREEN Calibrate is clicked. A screen showing a calibration score of 100% and accept is clicked.

4.5. Next, go to the mobility tab, and under Calibration Mode, select Linear Mode [1]. Set the detection range to + (plus) 5%, width to 0.1 Daltons, and STD Dev to 0.1855 [2]. Then, click Calibrate, and upon receiving a score ≥ 98.5%, click accept [3].
4.5.1. SCREEN: The mobility tab is opened, and under Calibration Mode, Linear Mode is selected.
4.5.2. SCREEN: Setting the detection range to +5%, width to 0.1 Da, and STD Dev to 0.1855
4.5.3. SCREEN: Calibrate is clicked. A screen showing a calibration score of ≥ 98.5% and accept is clicked.

4.6. Finally, go to the method [1-TXT] and select the method to be used for analysis [2].
4.6.1. TEXT ON PLAIN BACKGROUND:
TXT: Proteomic_/2023-01-19-CF/20230119-Hela Control histone_prep_pasefDIA_1-24_1_451.d/451.m-TimsControl
4.6.2. SCREEN: Selecting the appropriate method and performing analysis. 
Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20004693

Representative Results
4.7. Fragmentation spectra of the peptides [1] revealed three different peptide variants with various posttranscriptional modifications, including propionyl and acetyl groups at different positions [2]
4.7.1. LAB MEDIA: Figure 9
4.7.2. LAB MEDIA: Figure 9 Video Editor: Please emphasize K18 (+56.03, +56.03) and K23 (+56.03) from Figure A, K18 (+56.03, +42.02) and K23 (+56.03) from Figure B, and K18 (+56.03, +56.03) and K23 (+42.02) from Figure C

4.8. The propionylated histone H3 (H-three) standard exhibited longer peptides than the unmodified version [1]. Histones extracted from HeLa S3 (hela-S-three) cells showed multiple post-translational modification patterns at the same amino acid positions [2].
4.8.1. LAB MEDIA: Figure 10 Video Editor: Please emphasize Figure A
4.8.2. LAB MEDIA: Figure 10 Video Editor: Please emphasize Figure B
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