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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
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21224388

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? Two labs are across the street, 5 min walk.


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No 


Current Protocol Length
Number of Steps: 17
Number of Shots: 33

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 
AUTHORS: Please note that the statements have been edited for brevity

INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Giulia Barotti: We’re advancing single-cell proteomics with an automated, multiplexed method to study global chromatin heterogeneity through histone post-translational modifications. 
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What are the current experimental challenges?
1.2. Ronald Cutler: Picogram-scale proteomic preparation and multiplexing, as well as resolving complex combinatorial histone post-translational modifications, remain major experimental challenges.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:


What research gap are you addressing with your protocol?
1.3. Giulia Barotti: We address the challenge of capturing cellular heterogeneity of histone post-translational modifications with a multiplexed automated single-cell workflow.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:3.1

What advantage does your protocol offer compared to other techniques?
1.4. Ronald Cutler: This workflow enables high throughput sample preparation and isotopic labeling to achieve robust and highly sensitive quantitative single-cell epigenetic analysis. 
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What questions will future research focus on?
1.5. Giulia Barotti: Future research will explore how the regulation of chromatin is altered in disease states, such as cancer, metabolic disease, and aging.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

Videographer: Obtain headshots for all authors available at the filming location.


Protocol  

2. Automated Single Cell Workflow for Quantitative Histone Post Translational Modification Analysis Using Nano Liquid Handling
Demonstrator: Giulia Barotti, Ronald Cutler. 

2.1. To begin, reconstitute HepG2/C3A (Hep-G-Two-C-3-A) hepatocellular carcinoma cells at a final concentration of 200 to 500 cells per microliter in ice-cold PBS [1]. Set each nozzle’s pulse width and drive voltage to the values provided by the manufacturer [2].
2.1.1. WIDE: Talent reconstituting cells in buffer to reach a concentration of 200 to 500 cells per microliter.
2.1.2. SCREEN: Talent adjusting the pulse width and drive voltage according to manufacturer specifications.
2.2. For maximal pick-up efficiency, ensure that the z-offset between the two nozzles differs by less than 50 micrometers [1]. Identify the optimal contact position for each nozzle and compare the Z-height readouts in the Nozzle Setup tab [2].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21224388
2.2.1. Talent aligning both nozzles and adjusting their relative height.
2.2.2. SCREEN: Show the Nozzle Setup tab displaying Z-height readouts for both nozzles and the operator comparing the offset values.
2.3. For a two-plex multiplexing scheme, load a single slide into the instrument [1].
2.3.1. Talent loading a slide into the instrument. 
2.4. Using a pipette, aliquot 150 microliters of LC-MS (L-C-M-S)-grade DMSO into a new PCR tube [1].  Place it into position 2 of the wash station with the tube cap facing the instrument door [2].
2.4.1. Talent pipetting 150 µL dimethyl sulfoxide into a PCR tube.
2.4.2. Talent placing it in position 2 with the cap facing the instrument door.
2.5. After dispensing, allow the instrument to automatically flush the nozzles and capture images across all slides for quality control [1]. Review these images to verify a uniform DMSO droplet on every slide and to check for missing or off-target droplets [2].
2.5.1. SCREEN: Instrument interface showing the automatic nozzle flush and image capture process.
2.5.2. SCREEN: The captured images are being reviewed. 
2.6. In the Nozzle Setup tab, launch the cell-dispensing viewer and run the mapping routine to define the ejection zone [1]. Gate the objects based on size and elongation using the single-cell isolation parameters [2].
2.6.1. SCREEN: Show the cell-dispensing viewer with the mapping routine being executed.
2.6.2. SCREEN: Highlight the gating of single cells based on size and elongation.
2.7. Now, prepare a fresh digestion master mix in LC-MS-grade water [1-TXT]. Degas the solution with a vacuum pump for 10 minutes on ice [2].
2.7.1. Talent preparing reagents and combining them to make the digestion master mix. TXT: Digestion mix: ArgC Ultra 60 ng/µL, HEPES 6 mM, DDM 0.03%, DTT 10 mM
2.7.2. Talent degassing the prepared mix with a vacuum pump on ice for 10 minutes.
2.8. Dispense the digestion mix onto the slides [1]. The instrument will automatically flush the nozzles and photograph every slide [2]. Review the images to verify that each droplet received the digestion mix uniformly [3].
2.8.1. Talent operating the instrument to dispense the digestion mix.
2.8.2. SCREEN: Automated system flushing nozzles and imaging slides.
2.8.3. SCREEN: Talent reviewing captured images to confirm even droplet distribution.
2.9. Incubate the slides at room temperature overnight to perform digestion [1-TXT]. 
2.9.1. Talent placing slides in the incubator for overnight digestion. TXT: Maintain 75% RH; Dew point : 1 - 2 °C below chamber temperature
2.10. Inspect the images after digestion [1]. If the droplets are sufficiently dry, stop the run [2]. If not, click Continue and dry for another 5 minutes [3].
2.10.1. SCREEN: Talent examining images of the droplets on screen.
2.10.2. SCREEN: Talent selecting the Stop Run command when droplets appear dry.
2.10.3. SCREEN: Talent clicking Continue to extend drying by 5 minutes.
2.11. For labelling, first prepare stock solutions for multiplexed histone derivatization [1].
2.11.1. Talent preparing the two labeling stock solutions in separate vials.
AND
TEXT ON PLAIN BACKGROUND:
Stock 1: 25% (v/v) propionic anhydride in DMSO 
Stock 2: 25% (v/v) propionic anhydride-d₁₀ in DMSO
Video Editor: Please play both shots side by side in a split screen
2.12. After dispensing, allow the instrument to automatically flush the nozzles and photograph every slide [1]. Review the images to confirm even distribution and correct droplet placement across all slides [2]. Similarly, dispense hydroxylamine solution [3]. 
2.12.1. SCREEN: Automated nozzle flush and slide imaging in progress.
2.12.2. SCREEN: Talent verifying correct droplet placement of labels on the instrument monitor.
2.12.3. SCREEN: Talent verifying correct droplet placement  of HA solution on the instrument monitor.
2.13. To pick up the sample, execute the run by switching to the Run tab [1]. Click Start Run and follow the prompts [2] as the instrument collects each droplet, flushes the nozzles, and captures slide images for review [3].
2.13.1. SCREEN: Talent  selecting the Run tab.
2.13.2. SCREEN: The Start Run option is being clicked and prompts are followed. 
2.13.3. SCREEN: Instrument collecting droplets and displaying real-time image capture.
2.14. Once done, remove the foil from the slides [1]. Then dry the samples at low heat in a vacuum concentrator [2].
2.14.1. Talent removing foil seals.
2.14.2. Talent placing slides in a vacuum concentrator for drying.
2.15. For data acquisition, program the high-performance liquid chromatography method [1]. Set tandem mass spectrometry in the ion trap mass analyzer with sequential isolation windows of 50 mass to charge ratio, an automatic gain control target of 1000, and a higher-energy collisional dissociation energy of 27 [2].
2.15.1. SCREEN: Talent launching the HPLC software. 
2.15.2. SCREEN: Talent configuring m/z, automatic gain control target, and higher-energy collisional dissociation energy settings.
2.16. Cover the plate with a rubber seal mat and place it inside the autosampler [1].
2.16.1. Talent sealing the plate with a rubber mat and loading it into the autosampler.
2.17. Run the raw data in EpiProfile version 2.1 (Epi-Profile-Version-Two-Point-one) to obtain peptidoform abundances for cells labeled with propionic anhydride [1].
2.17.1. SCREEN: EpiProfile 2.1 interface showing loaded raw data and resulting peptidoform abundance output.

2.17.2. 

Results

3. Results 

3.1. The first 20 histone H3 (H-Three) peptidoforms were quantified, displaying their relative abundances in control and sodium butyrate–treated conditions [1]. Both H3K9ac (H-Three-K-Nine-A-C) and H3K14ac (H-Three-K-Fourteen-A-C) displayed higher relative abundance upon sodium butyrate treatment [2], while H3K9acK14ac (H-Three-K-Nine-A-C-K-Fourteen-A-C) appeared even more enriched in treated cells [3].
3.1.1. LAB MEDIA: Figure 7A. 
3.1.2. LAB MEDIA: Figure 7A. Video editor: Highlight the column showing H3K9ac and H3K14ac in the pink column.
3.1.3. LAB MEDIA: Figure 7A. Video editor: Highlight the entry for H3K9acK14ac in the pink column.
3.2. Total acetylation levels increased following sodium butyrate treatment [1], with treated cells showing a broader error distribution compared to controls reflecting the higher heterogeneity captured at the single-cell level [2]. The quantification of single and co-occurring histone modifications demonstrated that combinatorial acetylation states were most strongly affected by sodium butyrate [3].
3.2.1. LAB MEDIA: Figure 7B.
3.2.2. LAB MEDIA: Figure 7B. Video editor: Highlight the pink bar labeled “NaBut 5 mM,” 
3.2.3. LAB MEDIA: Figure 7C. Video editor: Highlight the pink bar corresponding to K9acK14ac in the sodium butyrate–treated condition.
3.3. The wider dispersion of sodium butyrate–treated cells indicated increased biological heterogeneity among individual cells within the spheroids [1].
3.3.1. LAB MEDIA: Figure 7D. Video editor: Please highlight the pink dots 
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