

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 59490
Scriptwriter Name: Qingyun Ping
Project Page Link: http://www.jove.com/files_upload.php?src=18144498

Title: Capturing Small Molecule Communication Between Tissues and Cells Using Imaging Mass Spectrometry

Authors and Affiliations: Katherine E Zink1, Matthew Dean1,2, Joanna E Burdette1, Laura M Sanchez1	Comment by Maja Fiket: Authors: Please ensure that all authors’ names are spelled correctly and that the affiliations listed here are correct. 

This is how your names and affiliations will appear in your video. 

1Department of Medicinal Chemistry and Pharmacognosy, University of Illinois at Chicago, Chicago IL, 60612 
2Department of Animal Science. University of Illinois at Urbana-Champaign, Urbana, IL, United States.

Corresponding Author: 
Laura M Sanchez
sanchelm@uic.edu
Tel: (312) 996-0842

Email addresses for Co-authors: 
kzink2@uic.edu
mjdean@illinois.edu
joannab@uic.edu
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This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? Y

2. Does your protocol include software usage? 
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
3.3.1
3.3.2
3.5.1
3.8.1
3.9.1
3.9.2


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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer. 
The most important steps are ensuring that the wells have an even level of agarose and that the ovaries are in the center, but most crucial to the success is drying the slide. Under or overdrying will result in a sample that cannot be analyzed via MALDI-TOF.
4.1.2
4.2.3
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? Two blocks.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

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

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. If only one author is giving the REQUIRED statements, the same author may speak both statements.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Author NameLaura Sanchez: Our protocol can map small molecule chemical communication between cells and tissues and we have specifically applied this to explore small molecules in ovarian cancer metastasis.  ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).


What is the main advantage of this technique?

1.2. Author NameLaura Sanchez: The main advantage of our technique is the ability to measure small molecules in a label free manner while maintaining the spatial integrity of the cells and tissues in 2D. ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


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

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· These OPTIONAL statements must be spoken by different authors than those who gave the Required Interview Statements.
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 



Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Author NameJoanna Burdette: This technique has allowed us to interrogate the contribution of small molecules in ovarian cancer metastasis in an untargeted manner. This could unveil new therapeutic targets and pathways that have been previously overlooked. ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).


Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.4. Author NameJoanna Burdette: This methodology could easily be extended to other cancers that can be grown in agarose and any other disease in which a spatial component might be important for the resulting cellular phenotype.___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Author NameKatherine Zink: Ensuring that all the cells and components are in hand and patience with the drying process is essential to this protocol.  A rushed desiccation step can often lead to poor quality mass spectrometry data. ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Why is visual demonstration of this method critical?

1.6. Author NameKatherine Zink: Visual demonstration of this method is helpful in understanding our sample preparation and desiccation steps as these deviate greatly from typical imaging mass spectrometry experiments that use tissues or microbes on agar. ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Introduction of Demonstrator: (Said by you on camera)

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.7. Author NameLaura Sanchez: Demonstrating the procedure will be Katherine Zink_________ (name of the person or persons), a graduate student _________ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]All animal procedures were in accordance with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals and approved by the Institutional Animal Use and Care (IACUC) committee at the University of Illinois at Chicago.
Authors: Please address all highlighted text and check if all pronunciation is correct. 
2. Setting up and Incubating the ITO(indium tinoxide)-treated Slide for Cocultures
2.1. To begin, liquify the agarose at 70 degrees Celsius on a hot plate [1]. Place the 8-well divider on top of the ITO (pronounce as I-T-O)-treated slide [2].
2.1.1. MED: Talent places agarose on hot plate.
2.1.2. CU: Talent places divider on top of slide.
2.2. Collect cells in a 15 milliliter conical tube, centrifuge [1-TXT], and add 1 times DMEM (pronounce as D-M-E-M) media to resuspend to obtain a concentration of 50 thousand cells per 150 microliters, which is 2 times the final density desired [2-TXT]. 
Authors: Is the cell MOE cell? Yes How do you collect? Via standard trypsin treatment.    
2.2.1. MED: Talent collects cells in tube, and put to centrifuge. TEXT: 5 min at 800 rpm
2.2.2. CU: Talent adds solution to the tube. TEXT: DMEM: Dulbecco’s Modified Eagle’s Medium Videographer: take multiple shots, as this will be used later.
2.3. For undivided cocultures, use XX forceps to add ovarian explant to the center of the four wells [1]. Just before plating, combine 200 microliters of cell suspension and 200 microliters of liquified agarose in individual 2-milliliter tubes [2]. Avoids air bubbles during pipetting [3].
2.3.1. CU: Talent adds explant to well.
2.3.2. MED: Talent adds cell suspension and agarose to tubes.
2.3.3. CU: Talent shows the tube without bubbles.
2.4. Immediately add 300 microliters of the cell agarose mixture to each well, and apply continuous gentle downward pressure on the divider to ensure no leaking or mixing between wells [1]. Make sure there are no air bubbles and the ovary remains in the center of the well [2].
2.4.1. MED: Talent adds mixture to wells while pressuring the divider.
2.4.2. CU: Shot of the wells with no air bubbles and ovary in the center.
2.5. If the pipetted agarose disturbed the ovary, gently use the pipet tip to center it before the agarose cools [1]. Then, incubate the slide at 37 degrees Celsius and 5% carbon dioxide in a humidified incubator [2].
2.5.1. CU: Talent centers the disturbed ovary.
2.5.2. MED: Talent places the slide in the incubator. Videographer: take multiple shots, as this will be used later.
2.6. For divided cocultures, cut dividers from thin, smooth plastic. The sides of a sterile disposable media basin are used [1]. Cut them just wide enough to fit snugly into the hypotenuse of the well [2].
2.6.1. MED: Talent cuts plastic and shows it.
2.6.2. CU: Talent places the cut plastic into divider to show it fits.
2.7. Place the 8-well divider on top of the ITO-treated slide, and insert plastic dividers diagonally into wells [1]. Prepare cell culture as previously did [2], and combine 100 microliters of cell suspension and 100 microliters of liquified agarose in a 2 milliliter tube [2].
2.7.1. CU: Talent places the divider on top of slide and inserts dividers.
2.7.2. Use 2.2.2.
2.7.3. MED: Talent adds cell suspension and agarose into tube.
2.8. Immediately, plate 150 microliters of cell agarose mixture on one side of the divider while keeping downward pressure on the divider [1]. Allow agarose to cool and solidify for approximately one minute and then remove the divider [2].
Authors: Do you press the plastic to avoid leaking? No, it fits snuggly 
2.8.1. CU: Talent adds mixture into one side of well.
2.8.2. CU: Talent removes divider.
2.9. Use XX forceps to place ovary explant in the center of the empty half of the well [1]. Add 150 microliters of cell agarose mixture over top of the ovary [2]. incubate the slide at 37 degrees Celsius and 5% carbon dioxide in a humidified incubator [3].
2.9.1. CU: Talent adds explant into empty side of well.
2.9.2. CU: Talent adds mixture on top of ovary.
2.9.3. Use 2.5.2.
3. Drying Slide and Preparing for MALDI-TOF MS (Matrix-assisted Laser Desorption/Ionization Mass Spectrometry)
3.1. After four days, remove the chamber divider from the agarose plugs [1]. Gently with a flat spatula, detach the sides of the agarose from the chamber and gently pull the chamber upward [2]. If any agarose plugs are moved, gently reposition them so that they are not touching one another [3].
3.1.1. MED: Talent takes out the slide.
3.1.2. CU: Talent removes the chamber. Show both top and side views of the slide when removing the chamber.
3.1.3. CU: Talent repositions the moved agarose plugs.
3.2. Place the slide in a 37 degrees Celsius oven for approximately 4 hours [1], and rotate 90 degrees every hour to ensure even heat distribution throughout the sample [2]. The slide must be completely dried [3] otherwise it could lead to an explosion of the sample in the high vacuum environment of the MALDI-TOF (pronounce as mall-dee toffXX) mass spectrometer [4]. 
3.2.1. MED: Talent places the slide into oven.
3.2.2. MED: Talent opens the oven to rotate the slide.
3.2.3. MED: Talent takes out the slide.
3.2.4. CU: Shot of the dry slide with the mass spectrometer as the background. Talent shows the top view and side view.
3.3. With the parameters set upon the matrix sprayer, apply matrix solution to the slide [1-TXT]. 
3.3.1. MED: Talent applies matrix solution. TEXT: temperature = 30°C, flow rate = 0.2 mL/min, number of passes = 8, direction = CC, and nozzle distance = 40 mm
3.4. [bookmark: _GoBack]To use phosphorus red as calibrant, add 1 microliter of phosphorus red to clear spot on slide [1-TXT]. To use the peptide mixture as calibrant, mix it with matrix in XX at a 1:1 ratio to aid ionization, and add it to XXspot onto the slide [2]. Spray the solution to the slide [3], and wait for calibrant to dry before Imaging mass spectrometry data acquisition [34].	Comment by Zink, Katherine Elizabeth: Calibrants are added after the slide is sprayed with the matrix. Calibrants are not sprayed onto slide, but are added as 1 µL by pipet.
Authors: How much peptide mixture do you add? 0.5 to 1 uL of a premixed standard. Where do you mix it with matrix? On parafilm. Do you add phosphorus red before spraying or after spraying? After 
3.4.1. MED: Talent adds phosphorus red. TEXT: Phosphorus Red for targets <500 Da, peptide mixture for targets <5000 Da
3.4.2. MED: Talent mixes peptide mixture with matrix and adds to the sprayerslide.
3.4.3. MED: Talent performs the spray.
3.4.4. CU: Shot of the dry slide.
3.5. Draw an X using a permanent marker in each corner of the slide [1] and take an optical image using a camera or a scanner at 1200 dpi (pronounce as D-P-I) [2].
3.5.1. MED: Talent draws on each corner of the slide.
3.5.2. MED: Talent takes a picture.


OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author nameKatherine Zink, Step            Step 3.2:   Drying the slide and monitoring the progress is the most critical step to achieve high spatial resolution and quality mass spectra. If flaking or excessive wrinkling occur, we do not recommend collecting the mass spectrometry data.         (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

4. Results: Proper Sample Preparation and Representative IMS Data
4.1. In this experiment, careful monitoring of the slide in the oven is essential to ensure an optimal dried ITO slide, which results in a flat desiccated sample with minimal to no wrinkles across the surface of the agarose [1-TXT].
4.1.1. Figure 3- Video editor: emphasize Figure 3A. Keep the text until 4.2.2. TEXT: Zink, K. E., Dean, M., Burdette, J. E., Sanchez, L. M. Imaging Mass Spectrometry Reveals Crosstalk between the Fallopian Tube and the Ovary That Drives Primary Metastasis of Ovarian Cancer. ACS Central Science. 4 (10), 1360–1370, https://doi.org/10.1021/acscentsci.8b00405 (2018).
4.2. This figure shows the wrinkles that should be avoided. Wrinkles can slightly affect the height, and therefore the mass accuracy of the imaging mass spectrometry signals [1]. Slight wrinkles will not impact the quality of the data [2]. 
4.2.1. Figure 3- Video editor: emphasize Figure 3B
4.2.2. Figure 3
4.3. An optimally located tissue should be as close to the center as possible. The tissue used should be in the center of the well if it is undivided [1], or in the center of the half triangle if it is divided, so that acquisition of IMS (pronounce as I-M-S) data is not contaminated with edge effects [2].
Authors: Please provide the unflattened and layered image for Figure 4.
4.3.1. Figure 3- Video editor: emphasize Figure 3A and the 4 tissues in the center
4.3.2. Figure 4- Video editor: emphasize Figure 4A and the 4 tissues with two circled
4.4. Badly positioned tissue, when imaged, may result in false mass signals from the edge effects [1]. 
Authors: In the manuscript, line 291, please correct “is” to “in”.
4.4.1. Figure 4- Video editor: emphasize Figure 4B and the 2 circled tissues
4.5. The dried slide image is used to teach the MALDI-TOF mass spectrometer which regions to image. Small regions around the ovarian tissue were selected for IMS at 50 micrometers [1]. A representative image of a m/z (pronounce as XXm over z) signal is shown for undivided cocultures [2], as well as for divided chamber setup [3].
4.5.1. Figure 6- Video editor: emphasize Figure 6A
4.5.2. Figure 6- Video editor: emphasize Figure 6B
4.5.3. Figure 7- Video editor: emphasize the right bottom corner.
4.6. 


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

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
5.1. Author NameKatherine Zink: The most important thing to remember is that the resulting data are only as good as the sample preparation. Pay special attention to the drying process.____ (Step: __) (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. Author NameJoanna Burdette: The most exciting aspect is validating the small molecules discovered this way in other experiments. Such as invasion assays or colonization assays to inform on the effective concentrations and translation to human biology.____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Author NameLaura Sanchez: We expect that this will open the door to discover new pathways and potential therapeutic targets for ovarian cancer by better understanding the processes in the primary metastasis of ovarian cancer. ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take. No. 
5.4. Author Name: ___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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