

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 71691
Scriptwriter Name: Pallavi Sharma
Project Page Link: https://review.jove.com/files_upload.php?src=21865803

Title: Single-Cell Mass Spectrometry Imaging Using Desorption Electrospray Ionization Coupled to Orbitrap Mass Spectrometers


Authors and Affiliations: 
Nathan Colwell1,2, Dan Chen2, Deepti Bhusal1,2, Zongkai Peng2, and Zhibo Yang1,2

1Department of Chemistry and Biochemistry, University of Oklahoma
2Department of Biochemistry and Physiology, University of Oklahoma Health Campus



☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Zhibo Yang		(Zhibo-Yang@ou.edu)



Email Addresses for All Authors: 

Nathan Colwell	(Nathan-Colwell@ou.edu)
Dan Chen		(Dan-Chen@ou.edu)
Deepti Bhusal		(Deepti-Bhusal@ou.edu)
Zongkai Peng		(Zongkai-Peng@ou.edu)
Zhibo Yang		(Zhibo-Yang@ou.edu)





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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  30
Number of Shots:  56 

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


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


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Preparation of Cultured Cells for Desorption Electrospray Ionization–Mass Spectrometry (DESI-MS) 
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, place individual 28-millimeter gridded glass coverslips with a 50-micrometer grid spacing into the wells of a 6-well plate [1].
2.1.1. WIDE: Talent placing individual 28 millimeter gridded glass coverslips into the wells of a 6-well plate. Videographer: Please obtain CU shot as well for this shot.
2.2. Add 2 milliliters of complete medium and 200 microliters of the prepared OVCAR-8 cell suspension containing approximately 2 × 10⁵ cells per well to each well [1]. Gently rock the 6-well plate in an X pattern to evenly distribute the cells across the coverslip surface [2].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for OVCAR-8
2.2.1. Talent adding complete medium and the cell suspension to a well of the 6-well plate.
2.2.2. Talent gently rocking the 6-well plate in an X pattern.
2.3. Incubate the cells for approximately 15 to 20 hours to allow cell attachment [1].
2.3.1. Talent placing the 6-well plate into the incubator.
2.4. Prepare the isotonic ammonium formate wash buffer immediately before use by weighing 0.45 grams of ammonium formate [1] and dissolving it in 50 milliliters of LC/MS (L-C-M-S) grade water to obtain a final ammonium formate concentration of 0.14 molar [1]. Do not adjust the solution's pH [2].
2.4.1. Talent weighing 0.45 grams of ammonium formate
2.4.2. Talent dissolving ammonium formate in 50 milliliters of liquid chromatography/mass spectrometry-grade water.
2.4.3. Shot of the prepared ammonium formate solution.
2.5. Aspirate the culture medium from each well of the 6-well plate [1]. Immediately add 2 milliliters of cold ammonium formate solution to each well [2].
2.5.1. Talent aspirating the culture medium from a well of the 6-well plate.
2.5.2. Talent adding cold ammonium formate solution to a well.
2.6. Using sterile forceps, gently lift each coverslip containing adherent cells from the well while maintaining the cell-coated surface facing upward [1]. Briefly place the coverslip into a separate well pre-filled with 2 milliliters of cold 0.9% ammonium formate solution for 2 to 3 seconds [2].
2.6.1. Talent lifting a coverslip with adherent cells using sterile forceps while keeping the cell-coated surface facing upward.
2.6.2. Talent placing the coverslip into a separate well containing cold 0.9% ammonium formate solution.
2.7. Repeat the rinsing process for a total of two rinses using fresh ammonium formate solution for each rinse [1]. After the final rinse, remove the coverslip from the ammonium formate solution [2] and allow it to air dry at room temperature in a chemical fume hood for approximately 20 to 30 minutes before desorption electrospray ionization mass spectrometry imaging analysis [3].
2.7.1. Talent transferring the coverslip into a fresh ammonium formate solution for an additional rinse.
2.7.2. Talent removing the coverslip from the ammonium formate solution after the final rinse.
2.7.3. Talent placing the coverslip in a chemical fume hood for air drying.
3. Assemble the DESI Sprayer and Orbitrap Interface 
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Mount the DESI (D-E-S-I) sprayer onto the integrated setup consisting of the customized FAIMS (F-A-I-M-S) frame, motorized XYZ stage, gas regulator, and optical breadboard [1]. Use a motorized stage controlled by a CONEX-MFACC controller [2].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for  CONEX-MFACC 
3.1.1. Talent mounting the desorption electrospray ionization sprayer onto the integrated setup.
3.1.2. Talent operating the motorized stage controlled by a CONEX-MFACC controller.
3.2. Define the x-axis as the raster scan direction from left to right [1] and define the y-axis as the line-step direction from top to bottom [2]. Set the z-axis position before acquisition and keep it fixed during imaging [4].
3.2.1. SCREEN: X-axis direction being defined as the raster scan direction from left to right.
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/files_upload.php?src=21865803

3.2.2. SCREEN: Y-axis direction being defined as the line-step direction from top to bottom.
3.2.3. SCREEN: Z-axis position being set before acquisition.
3.3. Set the stage travel range to approximately 1 millimeter in both the x and y directions. Keep the z-axis stationary during acquisition [1].
3.3.1. SCREEN: Stage travel range being set to approximately 1 millimeter in the x-direction and 1 millimeter in the y-direction.
3.4. Position the DESI sprayer at an angle of approximately 70 degrees relative to the sample surface [1]. Place the sample directly below the sprayer [2] and position the sprayer tip as close to the Orbitrap inlet as possible without physical contact [3].
3.4.1. Talent adjusting the sprayer to an angle of approximately 70 degrees relative to the sample surface.
3.4.2. Talent placing the sample directly below the sprayer.
3.4.3. Talent positioning the sprayer tip close to the Orbitrap inlet without making contact.
3.5. Connect the DESI grounding metal to a ground source beneath the mass spectrometer [1]. Control raster movement using the stage-control software [2].
3.5.1. Talent connecting the desorption electrospray ionization grounding metal to a ground source beneath the mass spectrometer.
3.5.2. SCREEN: Stage-control software being used to control raster movement.
3.6. Install a custom-fabricated stainless-steel ion transfer tube designed to match the Orbitrap ion source inlet [1]. Position the ion transfer tube so that it aligns directly with the Orbitrap inlet while extending sufficiently to allow unobstructed access to the DESI plume [2].
3.6.1. Talent installing the custom-fabricated stainless-steel ion transfer tube onto the Orbitrap ion source inlet.
3.6.2. Talent aligning the ion transfer tube with the Orbitrap inlet while maintaining unobstructed access for the desorption electrospray ionization plume.
3.7. Use an ion transfer tube with a bent geometry to improve positioning of the DESI sprayer relative to the sample surface and Orbitrap inlet [1].
3.7.1. Talent positioning the bent ion transfer tube relative to the sample surface and Orbitrap inlet.
3.8. Align the sprayer at an angle of approximately 70 degrees relative to the sample surface so that the DESI spray plume intersects the Orbitrap inlet region without contacting the sample surface [1].
3.8.1. Talent adjusting the sprayer angle to direct the spray plume toward the Orbitrap inlet region without contacting the sample surface.
3.9. To define a stable spray plume, confirm the presence of stable mass spectra and consistent normalized level values during acquisition [1]. Adjust the sprayer position until a stable ion signal is observed [2].
3.9.1. SCREEN: Stable mass spectra and consistent normalized level values being monitored during acquisition.
3.9.2. Talent fine-adjusting the sprayer position while observing the ion signal.
3.10. Set the sprayer-to-surface distance to approximately 1.0 to 1.5 millimeters as a starting condition [1]. Manually fine-adjust the sprayer position while monitoring normalized level values to achieve the highest stable ion signal [2].
3.10.1. Talent positioning the sprayer approximately 1.0 to 1.5 millimeters above the sample surface.
3.10.2. Talent fine-adjusting the sprayer position while monitoring normalized level values.
4. Configure Solvent Delivery and Spray Conditions 
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Prepare a fresh spray solvent consisting of methanol, water, and formic acid before DESI-MSI analysis [1].
4.1.1. Talent preparing the methanol, water, and formic acid spray solvent mixture.
4.2. Deliver the solvent using an Ultimate 3000 nano-LC system operated as an isocratic solvent pump at 750 nanoliters per minute [1]. Connect the nano-LC outlet to the DESI sprayer using polyether ether ketone tubing [2].
4.2.1. Talent placing the solvent line into the Ultimate 3000 nano-liquid chromatography system.
4.2.2. Talent connecting the nano-liquid chromatography outlet to the desorption electrospray ionization sprayer using polyether ether ketone tubing.
4.3. Install a C18 column in-line to provide sufficient backpressure for stable spray formation at low flow rates [1].
4.3.1. Talent installing the C18 column in-line with the solvent delivery system.
4.4. Set the mass spectrometer method to positive ion mode with Orbitrap detection, a spray voltage of 0.85 kilovolts, an Orbitrap resolution of 120,000 at mass-to-charge ratio 200, and a mass-to-charge ratio range of 150 to 1200 [1].
4.4.1. SCREEN: Positive ion mode being selected. Orbitrap detection being enabled. Spray voltage being set to 0.85 kilovolts. Orbitrap resolution being set to 120,000 at mass-to-charge ratio 200. Mass-to-charge ratio range being set to 150 to 1200.
4.5. Set the normalized automatic gain control target to 100%, the maximum injection time to 100 milliseconds, the radio frequency lens to 45%, and microscans to 1 [1]. Disable quadrupole isolation and source fragmentation [2].
4.5.1. SCREEN: Normalized automatic gain control target being set to 100%. Maximum injection time being set to 100 milliseconds. Radio frequency lens being set to 45%. Microscans being set to 1.
4.5.2. SCREEN: Quadrupole isolation being disabled. Source fragmentation being disabled.
4.6. Supply nitrogen sheath gas from a nitrogen generator or liquid nitrogen source at approximately 12 pounds per square inch to stabilize the DESI spray plume [1]. Use 12 pounds per square inch as the starting operating pressure and make minor manual adjustments only if needed to improve normalized level values and maintain a stable mass spectrum [2].
4.6.1. Talent connecting the nitrogen sheath gas supply to the desorption electrospray ionization system.
4.6.2. Talent making minor manual adjustments to the gas supply while monitoring normalized level values.
5. Perform Raster Imaging and Pixel Control 
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Identify a region of interest containing optically visible single cells using the gridded coverslips as a reference [1]. Select isolated cells with clear visual separation from neighboring cells, intact adherent morphology, and no obvious overlap with debris or cell clusters [2].
5.1.1. SCREEN: Talent examining the gridded coverslip to identify a region containing optically visible single cells.
5.1.2. SCREEN: Talent selecting an isolated cell with clear separation from neighboring cells and no visible overlap with debris or cell clusters.
5.2. Define the raster region using the Fance Stage Controller software [1]. Set the raster step size to 0.01 millimeters, the stage velocity to 0.01 millimeters per second, and the dwell time to 20 seconds [2].
5.2.1. SCREEN: Fance Stage Controller software being opened. Raster region being defined.
5.2.2. SCREEN: Raster step size being set to 0.01 millimeters. Stage velocity being set to 0.01 millimeters per second. Dwell time being set to 20 seconds.
5.3. Use left-to-right raster scanning across each line, followed by movement to the next line in the y-direction [1]. Set the orthogonal step size between raster lines to 10 micrometers [2].
5.3.1. SCREEN: Left-to-right raster scanning pattern being configured across each line. Movement to the next line in the y-direction being defined.
5.3.2. SCREEN: Orthogonal step size between raster lines is being set to 10 micrometers.
5.4. Adjust the stage velocity according to the Orbitrap acquisition rate to achieve the desired scan-direction pixel dimension [1]. Calculate the scan-direction pixel dimension using the presented equation [2].
5.4.1. SCREEN: Stage velocity being adjusted according to the Orbitrap acquisition rate.
5.4.2. TEXT ON A PLAIN BACKGROUND.


5.5. Using a stage velocity of 0.01 millimeters per second, acquire 376 scans over 102 seconds to produce an acquisition time of 0.271 seconds per scan and a corresponding scan-direction pixel dimension of approximately 2.7 micrometers [1]. Synchronize stage movement and mass spectral acquisition by setting the Orbitrap acquisition timing slightly shorter than the combined stage movement and dwell timing parameters [2].
5.5.1. SCREEN: Stage velocity being set to 0.01 millimeters per second. Acquisition is being configured for 376 scans over 102 seconds. Acquisition time per scan and scan-direction pixel dimension being displayed.
5.5.2. SCREEN: Orbitrap acquisition timing being adjusted to synchronize mass spectral acquisition with stage movement and dwell timing.

5.6. Acquire imaging data over the selected mass range until completion of the predefined raster region [1]. 
5.6.1. SCREEN: Imaging acquisition being initiated over the selected mass range and predefined raster region.
5.7. Generate RAW data files during acquisition [1]. Stop acquisition after completion of the specified x-axis and y-axis raster coordinates and the corresponding instrument method duration [2]. In positive-ion mode, allow each raster line to generate an approximately 50-megabyte RAW file, resulting in approximately 5 gigabytes of total data for 101 raster lines [3].
5.7.1. SCREEN: RAW data files being generated during acquisition.
5.7.2. SCREEN: Acquisition stopping after completion of the specified raster coordinates and instrument method duration.
5.7.3. SCREEN: Completed RAW data files and total acquisition data size being displayed.

5.7.4. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Brightfield microscopy images showed individual OVCAR-8 cells [1].
6.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the dark cell shapes in the panel labeled '(A)'.
6.2. Representative ion images at different mass-to-charge ratios demonstrated heterogeneous molecular distributions across neighboring cells [1].
6.2.1. LAB MEDIA: Figure 2B, C, and D
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