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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 yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies. 
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) _N_
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y__  
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
2.6, 3.1.2, 3.3.2, 3.3.3, 4.3, 4.5 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Applying the matrix evenly is the most difficult part.  Practice and optimization of methods is necessary for success.

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 perform reliable MALDI-mass spectrometric imaging of small molecules in plant root tissue. (Intro)

This is accomplished by first preparing the tissue samples to the appropriate size. (P1, show Medicago truncatula and make red oval appear from the root and move into the gray vessel.)

The second step is to optimize and apply the MALDI matrix to the tissue sample.  (P2, show red oval from P1 moving out of gray vessel and onto gray rectangle in image above “Matrix Application”.  Show yellow dots moving from nozzle to gray rectangle.)

Next, the sample is subjected to MALDI-MSI and spectra are collected across the tissue. (P3, have the gray rectangle from P2 move into image above “MSI Acquisition” and make red line appear from gray cylinder through disks to gray rectangle.  Make yellow dots move from nozzle to gray rectangle as well.)

The final step is data processing in which biologically important analytes can be identified. (P4, show image above “Array of Spectra” followed by image above “MS Images”.)

Ultimately, MALDI- MSI is used to detect endogenous metabolites present in legume root nodules. (P5, show Figure 5.)

Video Editor: Please use Figure 1- SchematicFig.ai


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

1.1. Erin Gemperline: Though this method can provide insight into metabolites present in plant root tissue, it can also be applied to the study of small molecules in tissues from many other systems such as crustaceans, mammals, insects, and many more.


Protocol (read by voice talent at JoVE):

2. Tissue Preparation
2.1. First, remove previously prepared plant tissue samples from the -80 °C freezer. Then, cut away the plastic cryostat cup and trim away the excess gelatin. 
2.1.1. WID: Talent removes tissue samples from -80 °C freezer.
2.1.2. MED-over the shoulder: Talent cuts away plastic cryostat cup and trims away excess gelatin from each tissue sample. 
2.2. Mount the embedded tissue to a cryostat chuck with a dime-sized amount of optimal cutting temperature, or OCT, media, while not letting the OCT touch the tissue.  Place the cryostat chuck in a cryostat box set to -20 °C until the OCT solidifies.  
2.2.1. CU: Embedded tissue as talent mounts it to cryostat chuck with OCT media.
2.2.2. MED: Talent places cryostat chuck in cryostat box.
2.3. After allowing the chuck and gelatin to equilibrate in the cryostat box for approximately 15 minutes, use the cryostat to section the tissue approximately the thickness of one cell.  Then, thaw mount each slice onto the pre-chilled glass slide by warming the un-coated side of the slide on the back of the hand.  
2.3.1. CU: Tissue in cryostat as talent sections it.
2.3.2. MED-over the shoulder: Talent warms un-coated side of slide with back of hand.
2.4. Next, place the ITO-coated side of the warmed slide near the frozen tissue slice and allow the slice to stick onto the slide (TEXT: Placing sections close together on slide will provide better alignment during Mass Spectrometric Imaging, or MSI).
2.4.1. CU: Slide as talent places it near frozen tissue slice to allow the slice to stick onto it.
3. Matrix Application
3.1. For airbrush application of the MALDI matrix, thoroughly clean the airbrush solution container and nozzle with methanol and fill the solution container with DHB matrix solution (TEXT: DHB: 2,5-dihydroxybenzoic acid; DHB matrix solution: 150 mg/mL in 50% methanol/0.1% TFA v/v).
3.1.1. MED: Talent cleans airbrush solution container with methanol and fills it with DHB matrix solution.
3.2. Hold the airbrush approximately 35 cm from the sample and apply 10-15 coats of matrix on the surface of the slide with a duration of 10 s spray and 30 s drying time in between each coat (TEXT: 10 sec spray, 30 sec drying time). When finished, thoroughly clean the airbrush with methanol to avoid clogging from the matrix solution.  It is important to note that, while airbrushes are more readily available, automatic matrix sprayer systems often produce more even and reproducible matrix coverage.
3.2.1. CU: Slide as talent applies matrix on the surface.
3.2.1.a CU: Comparison of glass slides before and after airbrushing
3.2.2. MED-over the shoulder: Talent cleans airbrush with methanol.
3.3. For sublimation application of the MALDI matrix, weigh out 300 mg of DHB into the bottom of the sublimation chamber.  Stick the glass slide to the cold finger with the tissue sections facing down with double-sided, conductive tape.  Cut the slide if it is too large for the sublimation chamber. (TEXT: Cover entire back of slide with conductive tape to ensure even temperature distribution).
3.3.1. MED: Talent weighs DHB into bottom of sublimation chamber.
3.3.2. CU: Glass slide as talent cuts slide
3.3.3. CU: Attaches it to cold finger.
3.4. Clamp the top and bottom halves of the sublimation chamber together with the C-clamp.  Place the sublimation chamber in a heating mantle that is at room temperature and secure using a ring stand and clamp.  Then connect the vacuum and add ice and cold water to the top reservoir.
3.4.1. MED-over the shoulder: Talent uses C-clamp to clamp top and bottom halves of sublimation chamber together.
3.4.2. MED-over the shoulder: Talent places sublimation chamber in heating mantle.
3.4.3. [bookmark: _GoBack]MED: Talent connects vacuum and adds ice and cold water to top reservoir.
3.5. Once the vacuum pump has been turned on, wait 15 minutes and turn on the heating mantle. (TEXT: Heating mantle should reach approximately 120 °C over the course of 10 min).  After 10 minutes, turn off the heat, close the valve to the vacuum and turn off the vacuum pump. 
3.5.1. MED: Talent turns on heating mantle.
3.5.2. MED-over the shoulder: Talent turns off heating mantle, closes valve to vacuum and turns off vacuum pump.
3.6. Once the chamber has cooled to room temperature, open the valve releasing the vacuum pressure and remove the sample. 
3.6.1. MED: Talent opens valve releasing vacuum pressure.
3.6.2. MED: Sample as talent removes it from chamber.
4.  Image Acquisition, Image Generation and Metabolite Identification
4.1. Next, mark a “+” pattern on each corner of the sample with a correction fluid pen to be used as “teach points”.  Place the glass slide into the MALDI slide adapter plate and take an optical image of the sample using a scanner.	  Check the image on the computer and rotate the picture so it appears on the screen in the same orientation the sample will be placed in the instrument. 
4.1.1. CU: Slide containing sample as talent marks a “+” pattern on each corner.
4.1.2. MED: Talent places glass slide into MALDI slide adapter plate and takes optical image.
4.1.3. SCREEN: Computer screen as talent checks image and rotates picture. 	
4.2. Set up an image acquisition file using the software provided by the instrument company with a raster step size of 50 μm and a laser diameter equal to or smaller than the raster step size.  At this point, load the optical image into the software and align the plate with the optical image.	 
4.2.1. SCREEN: Computer screen as talent sets up an image acquisition file with appropriate raster step size and laser diameter.
4.2.2. SCREEN: Computer screen as talent loads optical image into software and aligns plate with image.
4.3. After calibrating the instrument, specify the areas of tissue to be analyzed with MSI, including a spot of pure matrix on the slide to be used as a “blank”.  Following this, begin the acquisition.	 
4.3.1. SCREEN: Computer screen as talent specifies areas of tissue to be analyzed by tracing around the tissue.
4.3.2. MED-over the shoulder: Talent begins acquisition on the computer.
4.4. After data acquisition, open the imaging file in the software provided by the vendor and extract the ion images by selecting a specific m/z (pronounced mass to charge ratio) of interest from the mass spectrum using the software.  Create a list of specific analytes of interest for further identification.
4.4.1. SCREEN: Computer screen as talent opens imaging file and extracts ion images.
4.4.2. SCREEN: Computer screen as talent creates list of specific analytes of interest.
4.5. Perform accurate mass database searching to determine putative identifications for the targeted analytes (TEXT: If accurate masses not obtained from MALDI instrument, run sample extracts on a high resolution liquid chromatography-mass spectrometer).  To confirm the putative identifications from accurate mass database searching, match the MS/MS from the targeted analytes to MS/MS spectra of standards, literature, and/or fragmentation prediction software.
4.5.1. SCREEN: Computer screen as talent performs mass database searching.	 
4.5.2. SCREEN: Computer screen as talent matches MS/MS from targeted analytes to MS/MS spectra of standards, literature, OR fragmentation prediction software.
5. Results: Discovery and Identification of Small Molecule Analytes in Intact Tissue by MALDI-MSI 
5.1. Shown here is an optical image of a Medicago truncatula root nodule section. 
5.1.1. LAB MEDIA: Figure 2
5.2. Pictured here is an optical image example of the matrix coverage and crystal sizes using airbrush, automatic sprayer, and sublimation respectively. The airbrush application method generates large and small crystals while the automatic sprayer method produces small evenly sized crystals. Sublimation produces one even layer of matrix.
5.2.1. LAB MEDIA: Figure 3 (Video Editor: For 1st sentence, please highlight image a when “airbrush” is mentioned, image b when “automatic sprayer” is mentioned, and image c “when “sublimation” is mentioned). 
5.3. Conventional matrices, like DHB, produce many ions in the lower mass range, below 500 Daltons.  These matrix ions can interfere with the detection of metabolites in this range.  Shown here are the MS spectra of just DHB matrix compared to root nodule tissue coated with DHB matrix. Matrix peaks can be distinguished from real metabolites using the MS images.  When a peak is clicked on, the ion image is extracted and displayed overlaid with the optical image.  Those peaks that generate images with distinct localization to the tissue, and are not present in the matrix only area imaged, are considered metabolites. 
5.3.1. LAB MEDIA: Figure 4 (Video Editor: Please highlight red peaks when “DHB matrix is mentioned in 3rd sentence and blue peaks when “root nodule tissue coated with DHB matrix” is mentioned in same sentence).
5.4. Shown here are several representative ion images of metabolites found in root nodule tissue, while examples of MS images corresponding to matrix related peaks are pictured here.  This image shows distinct localization to the root nodule tissue and a lack of signal in the matrix only area that was imaged.  This signal shows little localization and is present over the entire tissue; the signal is also seen in the matrix only area that was imaged. 
5.4.1. LAB MEDIA: Figure 5 (Please highlight 5a images for first part of 1st sentence and 5b images for second part of 1st sentence. Zoom into 5a images for 2nd sentence and 5b images for 3rd sentence).
5.5. The end goal of untargeted metabolomics experiments is to detect and determine biologically important analytes and identify the compounds of interest.  An example of one of the metabolites detected with MSI and LC-MS (TEXT: LC-MS: Liquid chromatography-mass spectrometry) is shown here.  This metabolite was identified as heme based on the accurate mass, collected with high resolution LC-MS, and the MS/MS spectrum.  This MS/MS data was compared to the MS/MS spectra previously published by Shimma and Setou. The two MS/MS spectra match, therefore the identity of m/z 616.2 was confidently assigned as heme based on the accurate mass database searching and MS/MS data compared to literature MS/MS data.
5.5.1. LAB MEDIA: Figure 6

6. Conclusion (said by authors on camera)

6.1. Erin Gemperline: After watching this video, you should have a good understanding of how to use MALDI-MSI to detect and map the spatial distribution of biologically relevant metabolites using a method that can be applied to the study of small molecules in many different model systems.
       

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, 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.  

Section 1A -  Li_Figure1-SchematicFig- MSI Overview  (SchematicFig)
2.5 - Li_Figure2- root nodule tissue optical image
3.7 - Li_Figure3- optical images of matrix application methods
4.3 - Li_Figure4- spectra of matrix only and tissue + matrix
4.4 - Li_Figure5- example MS images
4.5 - Li_Figure6- MS/MS of m/z 616


SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions.




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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