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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ____________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 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.
Possibly, protocol has advisory settings. 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 3.1, 3.2, 4.1-4.3, 5.1-5.4, 6.1-6.3, 7.1-7.7 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Obtaining the best slices (steps 5.1-5.4). Best practices include careful monitoring of temperature, gelatin consistency, blade quality, etc.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Yes. Two are in the same building but separate floors, the cryostat is across the quad. (~2 min walk).

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to prepare three-dimensional cell cultures and analyze by mass spectrometry imaging. (Intro)
 
This is accomplished by first constructing three-dimensional cell cultures and allowing them to grow to the desired size. (P1, Show left container with pink solution in P1. Then make triangle appear above it and have the pink drops drip from it to the container. Then make brown circle appear followed by additional pink solution to look like right container.)
 
The second step is to harvest and embed the three-dimensional cell cultures in gelatin. (P2, show right container with yellow solution and brown circle in P2. Then show two lines and second brown circle and lower this image into container. Then make second layer of yellow appear to look like right container.)
 
Next, the  three-dimensional cell cultures are sliced at minus 30 degrees Celsius using a cryostat and mounted onto conductive slides. (P3, show left black circular image in P3. The make the yellow circle move from the black circular image to the rectangular slide that already has two yellow circles already on it.)
 
The final step is to analyze the slices using a MALDI-MSI (pronounced MALDI M-S-I) instrument and perform analysis of the detected molecules. (P4, show rectangular slide with yellow circles in P4 and make red wand appear.)
 
Ultimately, mass spectrometry imaging is used to show the changes in distribution of analytes of many different biomolecule classes across the three-dimensional cell culture. (P5, show Figure 2 or Figure 3.)

[bookmark: _GoBack]Video Editor: Use JOVE-Overview.ai
[image: ]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Xin: The main advantage of this technique over existing methods, like microscopy or autoradiography, is that mass spectrometry imaging allows detection and localization of multiple analytes such as proteins, lipids, drugs and metabolites in a single experiment without any labeling.   
1.2. **Dorothy: Demonstrating the procedure will be Dorothy Ahlf Wheatcraft, a post doc, and Xin Liu, a graduate student from the Hummon lab.  
1.2.1. Interview style: Author saying the above 
1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
2. Three-Dimensional Cell Culture and Preparation of Agarose Coated 96 Well Plates
2.1. Prior to starting this procedure, culture an appropriate cell line, such as HCT116 colon carcinoma cell line, in a two dimensional, monolayer culture. 
2.1.1. WID/MED: Talent carries cultured cells to the biosafety hood.
2.2. Following this, add 0.19 grams of agarose to 10 milliliters of standard media in a 50-milliliter conical tube. Ensure incorporation by gentle mixing. Then, autoclave the agarose in a water bath for 20 minutes.    
2.2.1. MED-over the shoulder: Talent adds agarose to conical tube containing media.
2.2.2. MED: Talent inverts the tube to gently mix the sample.
2.2.3. MED-over the shoulder: Talent places tube in water bath.
2.3. Using a multipipette, aspirate 50 microliters of the agarose media mixture into the 60 central wells of a flat bottomed 96 well culture plate. As the wells at the peripheral edges of the plate have slightly higher evaporation rates, add 200 microliters of 1X phosphate buffered saline instead of the agarose to these edges.
2.3.1. CU: Culture plate as talent aspirates agarose media into each well.
2.3.2. MED-over the shoulder: Talent removes phosphate buffered saline from appropriate container and adds it to the outer wells.
2.4. Once the agarose mixture has been added to the inner wells, set the plate aside to cool to approximately 37 degrees Celsius before the addition of the cells. 
2.4.1. MED: Talent carries plate from lab bench to biosafety hood and sets it down in the hood. All the steps before were already in the biosafety hood so this has been changed minor.
3. Seed and Harvest the Three-dimensional Cultures and Embed in Gelatin
3.1. At this point, add 200 microliters of the appropriate cell solution to the agarose-coated 96 well plate. Cover the plate and set in a humidified incubator with 5% carbon dioxide at 37 degrees Celsius for cell growth. 
3.1.1. CU: Culture plate as talent adds cell solution to each well.
3.1.2. MED: Talent covers the plate and places it in humidified incubator.
3.2. Following incubation, change the media by carefully aspirating the old media from around the small three-dimensional cell culture at the bottom of the agarose. Then, add 200 microliters of fresh media gently over the three-dimensional cell culture. 
3.2.1. ECU: Culture plate as talent removes old media from around the cell culture in each well.
3.2.2. MED-over the shoulder: Talent adds fresh media over cell culture.
3.3. Prepare a solution of approximately 175 milligrams per milliliter of gelatin in high purity water. Mix the gelatin vigorously. After the solution has become viscous and difficult to manipulate, place the tube in a water bath at approximately 60 degrees Celsius, warming until the solution becomes clear and easy to aspirate (TEXT: Warm gelatin solution hardens rapidly as it cools. Perform all steps rapidly).    
3.3.1. MED: Talent prepares gelatin solution in tube.
3.3.2. MED-over the shoulder: Talent briefly places tube on vortex mixer. Take 2 best
3.3.3. MED: Talent places tube in water bath.
3.3.4. CU: Tube in water bath as viscous solution turns clear during heating.
3.4. Using a 2-milliliter serological pipette, deposit 0.6 milliliters of the warm gelatin solution into the wells of a 24 flat-bottomed plate. Gently deposit the washed three-dimensional cell cultures immediately on top of the gelatin layer using a different 2-milliliter pipette to avoid rupturing the three-dimensional structure.  
3.4.1. MED-over the shoulder: Talent adds gelatin solution to wells of flat-bottomed plate.
3.4.2. CU: Flat-bottomed plate as talent adds cell cultures on top of gelatin layer in each well.
3.5. After the cell cultures are placed on the surface of the gelatin layer, carefully pipette another 0.6 milliliters of the warm gelatin mixture over them, so as to not disturb their position. Following this, freeze the gelatin-embedded three-dimensional cell cultures at minus 80 degrees Celsius.  
3.5.1. MED-over the shoulder: Talent adds gelatin mixture over cell cultures in wells of flat-bottomed plate.
3.5.2. MED: Talent places plate in -80 °C freezer.
4. Slice and Thaw Mount the Gelatin-embedded Three-dimensional Cell Cultures for Mass Spectrometric Imaging 
4.1. Once the 24-well plate containing the cell cultures has been removed from the freezer, warm the bottom of the plate with a hand until tweezers can slide gently down the side of the well. 
4.1.1. MED-over the shoulder: Talent warms plate with hand.
4.1.2. MED: Talent slides tweezers down side of the well.
4.2. Next, smoothly slide the tweezers around the disk, freeing the gelatin without thawing the center. Add a drop of water to the cryostat support and adhere the gelatin disk to the support.    Then place in the cryostat to freeze.
4.2.1. CU: Plate as talent uses tweezers to free gelatin from each well.
4.2.2.  MED-over the shoulder: Talent adds drop of water to cryostat support and places gelatin disk on support.
4.3. After facing off the excess gelatin to expose the three-dimensional cell cultures, slowly slice them with a smooth motion in 12 to 16 micrometer sections. 
4.3.1. CU:  Cryostat as talent slices cell cultures and removes pieces from it.
4.4. Once the slices have been thawed, mount them on indium titanium oxide coated glass slides. After labeling the slides, store them in a desiccator (TEXT: Use slices as soon as possible for maximum quality). 
4.4.1. CU: Glass slides as talent mounts cell culture slices onto each one.
4.4.2. MED: Talent places slides in desiccator.
5. Matrix Application and Sample Preparation for MALDI Imaging	
5.1. For intact protein detection, wash the slices in cold acetone to remove small molecules such as lipids that could mask the signal (TEXT: For small molecule analysis, washing steps are not required). 
5.1.1. MED-over the shoulder: Talent washes cell culture slices with cold acetone.
5.2. Prepare the matrix in a solution of organic solvent and water with 0.1% trifluoroacetic acid (TEXT: See text protocol for additional details on matrix preparation).  
5.2.1. MED: Talent prepares appropriate matrix solution.
5.3. Use a fine-tipped syringe to apply 0.5 microliters of the matrix solution on the three-dimensional cell culture slice. After allowing the matrix to crystallize, dry the slides in a desiccator for at least 30 minutes prior to MALDI-MSI analysis.
5.3.1. CU: Cell culture slice as talent adds matrix solution to it.
5.3.2. MED-over the shoulder: Talent opens desiccator
5.3.3. CU: Slides as talent places them in desiccator to show crystallized matrix.
6. MALDI-MSI Analysis Using a MALDI-TOF System and Optional Data Analysis Methods
6.1. At this point, fit the slides in an adapter made to securely hold 75 millimeter by 25 millimeter slides to image the three-dimensional cell culture slices. Then, load the slide adapter into the instrument.
6.1.1. MED-over the shoulder: Talent fits slides into appropriate adapter.
6.1.2. MED: Talent loads slide adapter into instrument.
6.2. After developing the appropriate data acquisition methods, adjust the mass range for small molecule data acquisition between 100 and 1,000 mass-to-charge ratio and for proteins between 8,000 and 25,000 mass-to-charge ratio. 
6.2.1. MED-over the shoulder: Talent at computer adjusts mass ranges for small molecules.
6.2.2. SCREEN: Computer screen as talent inputs appropriate mass range for proteins.
6.3. Following this, adjust the laser power, frequency, number of laser shots and spot size using the calibration solution and a nearby "sacrificial" three-dimensional cell culture slice. (TEXT: Use following settings as starting point: 60% power, 400 laser shots, ultra small spot size). Save this method for use in the imaging software provided by the instrument manufacturer. 
6.3.1. SCREEN: Computer screen as talent inputs appropriate parameters for acquisition.
6.3.2. MED-over the shoulder: Talent at computer saves method in appropriate location.
6.4. Develop protein data acquisition methods for the mass range of choice as previously described (TEXT: For mid-to-high mass ranges above about 3 kDa, use linear mode). Then, set up the specific MS instrument parameters using the imaging software. 
6.4.1. SCREEN: Computer screen as talent develops protein data acquisition methods.
6.4.2. SCREEN: Computer screen as talent sets up the appropriate parameters using the software.
6.5. After selecting the instrument parameters and setting up the instrument control method, position where to scan over the 3D cell culture.
6.5.1. MED-over the shoulder: Talent at computer positions where to scan over the culture on the screen.
6.6. Next, select three appropriate teach points on the sample, moving the laser to each in turn. Obtain the optical photograph from the MALDI-TOF laser control software using "print screen".  
6.6.1. SCREEN: Computer screen as talent selects appropriate teach points.
6.6.2. SCREEN: Computer screen as talent obtains optical photograph.
6.7. Then, start the imaging process from the imaging software and acquire mass spectra from each slice. 
6.7.1. MED-over the shoulder: Talent at computer starts the imaging process on the screen. Take 2 best, have extra B-roll
6.7.2. SCREEN: Computer screen showing acquired mass spectra from each slice.
6.8. For targeted analysis, perform manual analysis of the spectra by clicking a mass in the mean spectrum (TEXT: For quality control, examine matrix peak distribution or mean spectrum). 
6.8.1. SCREEN: Computer screen as talent clicks on a mass in the spectrum.
6.9. Finally, perform statistical analyses with extracted datasets in mathematical software. 
6.9.1. MED-over the shoulder: Talent at computer performs statistical analysis in the mathematical software.
7. Results: Mass Spectrometry Imaging of Three-dimensional Cell Cultures
7.1. Mass spectrometry imaging has the potential to reveal many different molecular distributions in three-dimensional cell cultures.  Using the previously described method, species from small molecules to large proteins may be tracked across the culture.	
7.1.1. LAB MEDIA: Figure 1 (52313fig1highres.jpg) (Video Editor: Show this figure for first sentence.)
7.1.2. LAB MEDIA: Figure 2 (52313fig2highres.jpg) (Video Editor:  Show this figure when small molecules is mentioned in second sentence.)
7.1.3. LAB MEDIA: Figure 3 (52313fig3highres.jpg) (Video Editor: Show this figure when large proteins is mentioned in second sentence.)

8. Conclusion (said by authors on camera)
8.1. Dorothy: After watching this video, you should have a good understanding of how to prepare, slice, and analyze three-dimensional cell cultures by mass spectrometry imaging.
       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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