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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
2.1, 2.4, 4.1, 4.3, 5.4  

D.  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.) Step 4.3 is the most difficult. In order to pipette evenly an ordered series of drops needs to be applied to the blotting paper. This is up to the user however if an ordered method is used it is easier to keep track of precisely how much solvent has been applied to any given area.   
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to reproducibly prepare a tissue sample for peptide mass spectrometry imaging (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Matthew O’Rourke: This method can allow novice users to quickly adopt mass spectrometry imaging workflows without lengthy trial and error empirical development [1-MED]. 
1.1.1. Matthew speaks toward the camera, interview style.
1.2. Matthew O’Rourke: The main advantage of this technique is that it is highly reproducible, simple to implement and inexpensive [1-MED].
1.2.1. Matthew speaks toward the camera, interview style.   

Protocol: (read by voice talent at JoVE)
2. Preparation of Reagents and Equipment
2.1. To prepare the nitrocellulose coated slides, pipette 40 microliters of liquid nitrocellulose onto one edge of a conductive indium tin oxide microscope slide [1-MED-over the shoulder-TXT].  Using a regular glass microscope slide, drag the nitrocellulose under surface tension across the slide to create an even thin film coating [2-CU]. 
2.1.1. Talent pipettes 40 microliters of liquid nitrocellulose onto one edge of a conductive indium tin oxide microscope slide.  TEXT Overlay: ITO = indium tin oxide
2.1.2. Glass microscope slide as talent uses a regular glass microscope slide to drag the nitrocellulose under surface tension across the slide to create an even thin film coating.
2.2. Allow the nitrocellulose to dry at room temperature for 20 seconds and then store until needed at room temperature [1-MED].
2.2.1. Talent places the dried slides into a storage container.   
2.3. Next, create custom vapor chambers by cutting a piece of thick blotting paper big enough to fit the bottom half of a standard plastic petri dish [1-MED-over the shoulder-TXT].
2.3.1. Talent cuts a piece of thick blotting paper big enough to fit the bottom half of a standard plastic petri dish using a pair of scissors.  TEXT Overlay: 94 mm in diameter and 3 mm thick 
2.4. Cut the paper to leave a rectangular strip in the center, the same size as a microscope slide.  Leave enough excess so that the paper will maintain its position in the Petri dish [1-CU].   
2.4.1. Paper as talent cuts it to leave a rectangular strip in the center, the same size as a microscope slide.  Talent leaves enough excess so that the paper will maintain its position in the Petri dish.
3. Preparation of Tissue Sections and Methylene Crosslink Hydrolysis 
3.1. For FFPE tissue, float-mount the sections onto the nitrocellulose pre-coated ITO slides as described in the text protocol [1-CU-TXT].
3.1.1. Talent displays the mounted sample to the camera.  TEXT Overlay: FFPE = formalin-fixed paraffin-embedded
3.2. Submerge the slides in fresh xylene to remove residual paraffin for 2 minutes [1-MED-TXT].  
3.2.1. Talent submerges the slides in fresh xylene.  Use labeled containers.  TEXT Overlay: Submerge the slides 2x for 2 min  
3.3. Wash the deparaffinized samples by submerging the slides in a graded solvent series consisting of a 70% volume for volume ethanol/water solution, followed by 100% ethanol, for 30 seconds each [1-MED-over the shoulder].
3.3.1. Talent transfers the slides from a 70% v/v EtOH/water solution to a 100% EtOH solution.  Use labeled containers.  
3.4. Then, submerge the slides into Carnoy’s fluid for 2 minutes [1-CU-TXT].  Finally, submerge the slides into a series of 100% ethanol, ultra-pure water, and 100% ethanol for 30 seconds each [2-MED-TXT]. 
3.4.1. Labeled container of Carnoy’s fluid as talent submerged the slides there.  TEXT Overlay: See text for preparation of Carnoy’s fluid
3.4.2. Talent transfers the slides from one beaker in the series to the next.  Include labeled beakers for 100% ethanol, ultra-pure water, and 100% ethanol in the shot.  TEXT Overlay: See text for preparation of FFF tissue
3.5. Load the sample slides into a plastic slide box that is filled to the top with 20 milliMolar tris-HCl [1-CU].  Seal the box and place it in a water bath, containing 500 milliliters of water, allowing the box to touch the bottom of the bath [2-MED-over the shoulder].  
3.5.1. Slides as talent loads them into a plastic slide box which is filled to the top with 20 mM tris-HCl. 
3.5.2. Talent places the sealed box into a water bath containing 500 mL of water, allowing the box to touch the bottom.
3.6. Then heat the box for 15 minutes at 120 degrees Celsius in a pressure cooker, which can achieve an operating pressure of 70 kiloPascals [1-MED].  Remove the slides, allow them to cool, and let them dry at ambient temperature for 15 minutes [2-CU].
3.6.1. Talent places the box into the pressure cooker.
3.6.2. Slides as talent removes them from the box for cooling and drying.
4. Tissue Digestion  
4.1. Once hydrolyzed, coat the samples with 10 microliters of trypsin solution in ultra-pure water, by first pipetting 10 microliters of the solution onto the edge of the tissue section [1-CU-TXT].  Then, using the same pipette tip, drag the droplet across the whole surface of the tissue under surface tension [2-ECU]. 
4.1.1. Talent pipettes 10 microliters of trypsin onto the edge of the tissue section.  TEXT Overlay: 1 mg/mL
4.1.2. Surface of the tissue as talent drags the droplet across.
4.2. After allowing the samples to dry at ambient temperature, mount them inside the top of the previously constructed vapor chamber with autoclave tape on either edge of the slide [1-MED-over the shoulder]. 
4.2.1. Talent mounts the samples inside the top of the previously constructed vapor chamber (tissue facing down) with autoclave tape on either edge of the slide.
4.3. Carefully pipette 600 microliters of a solution containing a 1 to 1 volume for volume mix of 100% acetonitrile and 50 milliMolar ammonium bicarbonate onto the blotting paper finger in the bottom part of the petri dish, until the finger appears to be evenly wet [1-CU or ECU].
4.3.1. Blotting paper finger in the bottom part of the petri dish as talent pipettes 600 microliters of a solution containing a 1 to 1 volume for volume mix of 100% acetonitrile and 50 milliMolar ammonium bicarbonate carefully onto the blotting paper finger, until the finger appears to be evenly wet. 
4.4. Matthew O’Rourke:  Pipetting evenly is critical as uneven coating of solvent will cause analytes to delocalize thereby destroying spatial information [1-MED].
4.4.1. Matthew speaks toward the camera, interview style. 
4.5. Place the top half of the vapor chamber on the bottom half, ensuring the paper finger and sample slide align perfectly, and seal the chamber around its equator with paraffin film [1-CU].  Leave the sample overnight in a 37 degree Celsius incubator to allow complete digestion [2-MED-over the shoulder].
4.5.1. Chamber as talent places the top half of the vapor chamber on the bottom half, ensuring the paper finger and sample slide align perfectly, and begins sealing the chamber around its equator with paraffin film.
4.5.2. Talent places the sample into the incubator.
5. Matrix Coating via Sublimation 
5.1. Once digested, weigh the sample slide on a 5-digit microanalytical balance [1-MED-over the shoulder].
5.1.1. Talent weighs the sample slide on a 5-digit microanalytical balance. 
5.2. Mount the slide onto the cooling finger of the sublimation apparatus and secure it with copper tape, in the same way as described for the vapor chamber [1-CU].
5.2.1. Slide as talent mounts it onto the cooling finger of the sublimation apparatus and secures it with copper tape. 
5.3. Place 300 milligrams of CHCA matrix into a glass petri dish at the bottom of the chamber and spread it evenly to create a thin layer of matrix crystals [1-MED-over the shoulder-TXT]. 
5.3.1. Talent places 300 milligrams of CHCA matrix into a glass petri dish at the bottom of the chamber and spread evenly to create a thin layer of matrix crystals.  TEXT Overlay: CHCA = α-cyano-4-hydroxycinnamic acid
5.4. Assemble the sublimator and secure the two halves with the horseshoe clamp [1-CU].  Suspend the assembled unit 15 to 20 centimeters above a sand bath, preheated at 220 degrees Celsius, by placing it in a metal ring connected to a retort stand [2-MED-over the shoulder].
5.4.1. Sublimator as talent finishes up assembling it and secures the two halves with the horseshoe clamp.
5.4.2. Talent suspends the assembled unit 15 to 20 centimeters above a sand bath using a metal ring connected to a retort stand.
5.5. Connect the chamber to the vacuum source, engage the vacuum, and allow it to stabilize down to approximately 25 milliTorr for 5 minutes [1-MED].  Pack the cooling finger to the top with ice and add 50 milliliters of water [2-CU].  Allow the apparatus to settle for a further 5 minutes before proceeding [3-MED-over the shoulder].
5.5.1. Talent connects the chamber to the vacuum source and engages the vacuum.
5.5.2. Cooling finger as talent packs to the top with ice and adds 50 mL of water.
5.5.3. Talent starts an adjacent timer to count-down from 5 minutes. 
5.6. Lower the chamber onto the surface of the sand, ensuring the sand completely contacts the bottom of the chamber [1-CU].  Leave it for 45 minutes to create an ideal coating of 2.2 milligrams per square centimeter [2-MED-over the shoulder]. 
5.6.1. Chamber as talent lowers it onto the surface of the sand, ensuring complete contact is made.
5.6.2. Talent starts an adjacent timer to count-down from 45 minutes. 
5.7. After 45 minutes, remove the chamber from the sand bath by raising the metal ring and vent the chamber [1-MED].
5.7.1. Talent removes the chamber from the sand bath by raising the metal ring and venting the chamber. 
6. Recrystallization and Instrumentation
6.1. Once sublimated, mount the sample slide inside the top of the previously constructed vapor chamber, as before [1-MED-over the shoulder].
6.1.1. Talent mounts the sample slide inside the top of the constructed vapor chamber. 
6.2. Carefully pipette 600 microliters of a solution containing a 1 to 1 volume for volume mix of acetonitrile and trifluoroacetic acid in water onto the blotting paper in the bottom part of the petri dish to ensure an even coating [1-CU-TXT].
6.2.1. Blotting paper as talent carefully and evenly pipettes the mixture there.  TEXT Overlay: 1:1 100% ACN:0.1% v/v TFA in water 
6.3. Next, assemble the chamber, ensuring the paper tab and microscope slide align perfectly [1-MED-over the shoulder].  Leave the chamber in a 37 degree Celsius incubator for 1 hour [2-MED].
6.3.1. Talent assembles the chamber, ensuring the paper tab and microscope slide align perfectly.
6.3.2. Talent leaves the chamber in the incubator.
6.4. Scan the slide in a flatbed scanner to create a digital image [1-CU].  Load the sample into the mass spectrometer and then analyze using the appropriate software platform [2-MED-over the shoulder].  Finally, analyze the samples as described in the text protocol [3-MED or WIDE].
6.4.1. Flatbed scanner as talent scans the slide to create a digital image.
6.4.2. Talent loads the sample into the mass spec and pulls up the software.
6.4.3. Talent works at the computer, appearing to be analyzing data.
7. Results: Correctly and Incorrectly Prepared Human Brain Tissue
7.1. Shown here is a correctly processed tissue specimen that has been imaged at 50 microns and shows good macro structure and a clear difference between white matter and grey matter [1-LM]. 
7.1.1. 56778fig1large_no-label – Authors, please provide a version of this figure without the A, B, or C labels. – Editors, please highlight “WM” as white matter is narrated and “GM” as grey matter is narrated.
7.2. Successfully prepared samples will show clear differentiation of different tissue locations.  Here, there is a clear region of up-regulation of the peptide represented by a mass-to-charge ratio of 1085 in the white matter region as represented by white regions [1-LM].
7.2.1. 56778fig1large_no-label – Editors, please zoom into the left-most panel labeled 1085.379 M/Z.
7.3. By contrast this incorrectly prepared sample shows a large-scale level of delocalization.  The patterns of the molecules present across the three panels clearly demonstrate that, there is no clear definition between biological regions or differences in the abundance of the molecules displayed [1-LM].
7.3.1. 56778fig2large_no-label – Authors, please provide a version of this figure without the A, B, or C labels.    
8. Conclusion (said by authors on camera)
8.1. Matthew O’Rourke: After watching this video, you should have a good understanding of how to prepare tissue sections for the IMS analysis of peptides.  Once mastered, this technique can be done in 8 hours over 2 days, allowing for overnight digestion of samples [1-MED].
8.1.1. Matthew speaks toward the camera, interview style.
8.2. Matthew O’Rourke: While attempting this procedure, it’s important to remember to take care with each individual step and ensure that tissue sections are not damaged at any stage [1-MED].
8.2.1. Matthew speaks toward the camera, interview style.
8.3. Matthew O’Rourke: We first had the idea for this method, when we began our own IMS investigations and found that there were no definitive methodologies available [1-MED].
8.3.1. Matthew speaks toward the camera, interview style.
8.4. Matthew O’Rourke: Though this method can be applied to peptide analysis, it can also be applied to other analyte types such as lipids and proteins with minor adjustments [1-MED].
8.4.1. Matthew speaks toward the camera, interview style.
8.5. Matthew O’Rourke: Following this procedure, Histological staining such as Haemotoxolin and Eosin can be performed in order to visualize the overall macrostructure of the tissue and provide a comparative reference point for the mass spectrometry image [1-MED].
8.5.1. Matthew speaks toward the camera, interview style.
8.6. Matthew O’Rourke: Don't forget that working with potentially explosive liquids such as nitrocellulose can be extremely hazardous and precautions such as minimizing working volumes and disposing of waste immediately should always be taken while performing this procedure [1-MED].   
8.6.1. Matthew speaks toward the camera, interview style.
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.

56778fig1large_no-label – Authors, please provide a version of this figure without the A, B, or C labels. 
56778fig2large_no-label – Authors, please provide a version of this figure without the A, B, or C labels.    
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 are included in the email accompanying the finalized script.
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