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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No. If yes, please list make and model of your microscope: N/A
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No  
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 
2.4, 2.5, 3.2, 3.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The most difficult part of the physical procedure is the most uniform application of matrix.  To do this using a pneumatically assisted sprayer, the matrix must be applied slowly in small uniform layers. With an automated matrix sprayer the application is simpler but the performance of the spray must be monitored. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  


Procedural Narrative:

This procedure spacially localizes multiple endogenous lipids within a bovine lens, using the tissue imaging technique of matrix-assisted desorption/ionization mass spectrometry (Intro). 
First, prepare a thin bovine lens tissue section (P1),  and apply a MALDI matrix  (P2). 
Then aquire a MALDI mass spectral dataset (P3). 
Process the dataset into a visual representation of the detected lipids on the lens tissue section (P3, tP4 and P5)). Together, these results can determine the location and relative abundance of the lipids within a bovine lens, and produce a visual representation of this distribution. (P5)





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

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Cuong Le:  Compared to other methods, such as lipid extraction followed by LC-MS analysis, MALDI-MS imaging allows for the visualization of multiple lipids simultaneously, without losing their spatial location information.  


Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Tissue Sectioning
2.1. Remove the flash-frozen tissue specimens from  -80 °C storage.  Remove the capsule from the surface of the lens.  
2.1.1. MED: Talent removes the flash-frozen tissue specimens from  the -80 °C storage. 
2.1.2. CU: Talent trims off some aunwanted parts of the organ, then cuts the organs to a manageable size fit for the MALDI target.  
2.1.3. ECU: Talent removes the capsule from the surface of the lens.  {Comment: 2.1.2 and 2.1.3 were combined as they represent the same thing.}

2.2. To fix a whole bovine calf lens section, place one or two drops of water on the tissue-cutting stage of a cryostat. Quickly place the lens in the water before it solidifies. 
2.2.1. ECU: Talent places one or two drops of water on the tissue-cutting stage of a cryostat, then  quickly places the lens in the water before it solidifies. 

2.3. When the  cryostat has equilibrated to optimal temperature [Text over video:   -18 °C] cut the tissue equatorially into sections of 20 micron thickness.  Discard the first tissue sections and only use slices that are close to or at the equatorial plane. (video editor: 2 takes for each possible pronunciation of “equatorial”, which can be chosen based on author’s preference)
2.3.1. MED/CU: Talent approaces cryostat and indicates temp.
2.3.2. CU/ECU: Talent starts to cut  the tissue equatorially into sections of 20 micron thickness.  
2.3.3. CU/ECU: Talent discards the first tissue sections
2.3.4. ECU: Talent screens through the slices and highlights a good slice from the equatorial plane. 

2.4. For imaging ocular lens tissue, add 1.5 μL of formic acid to pre-wet the surface of an ITO-coated glass slide.   Then carefully transfer the tissue sections to the slide, inside the cryostat.  Next, lyophilize the slides for 15 minutes before MALDI matrix application. 
2.4.1. CU: Talent adds 1.5 μL of formic acid to pre-wet the surface of an ITO-coated glass slide.   
2.4.2. ECU: Talent carefully transfers some tissue sections to the slide, inside the cryostat.  
2.4.3. MED/CU: Talent place the slide in the lyophilizer {Comment: This shot was split into two}
Talent places the slide into the lyophilizer container 
2.4.4. MED: Talent attached the lyophilizer container to the lyophilizer.

2.5. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Using a correction-fluid pen,  add three teaching marks on the non-conductive surface of the ITO coated glass slide.  Now take an optical image of the tissue slide using a flatbed scanner and save it in an appropriate format such as tiff or jpg.  
2.5.1. CU/ECU: Using a correction-fluid pen, Talent adds three teaching marks on the non-conductive surface of the ITO coated glass slide.  
2.5.2. MED: Talent places the tissue slide on a flatbed scanner.
2.5.3. SCREEN: Talent saves the optical image make (make sure you can see image on screen) as a tiff file.


3. Matrix Coating
3.1. First, cover the edges on the front surface of the ITO-coated glass slides with tape so that the matrix does not coat the edges of the slide.  
3.1.1. MED/CU: Talent covers the edges on the front surface of the ITO-coated glass slides with tape.  

3.2. Prepare the matrix to be used in an appropriate solvent [Text over video:  acetonitrile or mixed acetonitrile/water]. Then apply matrix solutions to the surfaces of the tissue sections.
3.2.1. CU: Talent prepares the matrix to be used in an appropirate solvent. 
3.2.2. MED/CU: Talent applies the matrix solutions to the surfaces of the tissue sections using a Bruker ImagePrep sprayer.  Talent prepares the Bruker ImagePrep sprayer for matrix coating {Comment: 3.2.2. and 3.3.1 embody the same idea so 3.2.2 shows the preperation and 3.3.1 now shows the actual spray.}

3.3. Coat the glass slide by using twenty cycles of matrix coating [Text over video: cycle: 2-sec spray, 30-sec incubation, and 60-sec drying]. 
3.3.1. ECU: Talent sprays the glass slide with another  matrix coating.

3.4. Alternatively, a pneumatically-assisted airbrush sprayer can be used to apply the matrices if a solvent is incompatible with the electronic matrix sprayer [Text over video:  chloroform or ethyl acetate].
3.4.1. MED: Talent loads pneumatically-assisted airbrush sprayer with solvent (chloroform or ethyl acetate)
3.4.2. CU: Talent coats the slide with MALDI matrix using the pneumatically-assisted airbrush sprayer. {Comment: This was added to show the sparying procedure.}


4. MALDI MS
4.1. For the mass calibration solution, dilute the “ES Tuning Mix” standard solution by a factor of 1-to-200 in 60% isopropanol.
4.1.1. MED/CU: Talent dilutes the “ES Tuning Mix” standard solution by a factor of 1:200 in 60% isopropanol.

4.2. Introduce 2 μL/min of the diluted “ES Tuning Mix” solution into the dual-mode electrospray ionization ion source on the instrument for Fourier Transform Ion Cyclotron Resonance MS.
4.2.1. Wide/MED:: Talent loads the diluted “ES Tuning Mix” solution into  the FTICR instrument (get good shot of instrumentation)
4.2.2. Wide/MED:: Talent loads the diluted “ES Tuning Mix” solution into  the FTICR instrument (get good shot of instrumentation {Comment: Added an alternate version of this shot in which the FTICR is walked around.}

4.3. Operate the FTICR instrument in the positive-ion ESI mode, with broadband detection and a data acquisition size of 1024 kilobytes per second.  
4.3.1. SCREEN: Talent sets the FTICR instrument in the positive-ion ESI mode, sets the  broadband detection and also sets a data acquisition size of 1024 kilobytes per second.  

4.4. Typically, set the ESI parameters of 3900 V capillary electrospray voltage; a spray shield voltage of 3600 V; nebulizer nitrogen gas flow at 2 L/min, dry nitrogen gas flow at 4 L/min and temperature of  200 oC. 
4.4.1. SCREEN: Talent sets the ESI parameters of 3900 V capillary electrospray voltage; sets a spray shield voltage of 3600 V; a nebulizer nitrogen gas flow at 2 L/min, dry nitrogen gas flow at 4 L/min and temperature of  200 oC. (please make sure order of screen catpure matches voice over).

4.5. Also set the skimmer 1 voltage to 15 V; time of flight to 0.01 seconds, collision argon gas flow to 0.4 L/s, source ion accumulation time to 0.1 s, and the collision cell ion accumulation time to 0.2 s.  
4.5.1. SCREEN: Talent  sets the skimmer 1 voltage to 15 V; a time of flight to 0.01 seconds, collision argon gas flow to 0.4 L/s, source ion accumulation time to 0.1 s, and a collision cell ion accumulation time to 0.2 s.  (Again, please make order of actions match voice-over)

4.6. Now tune the FTICR operation parameters in order to maximize the analytical sensitivity over the mass range from m/z 200 to 1400, while maintaining good time-domain free-induction decay signals. Then acquire the ESI mass spectra and calibrate the instrument using the reference masses of the standard compounds in the “ES Tuning Mix” solution. 
4.6.1. MED-over-the-shoulder: Talent starts with data on screen showing mass range from m/z 200 to 1400, then adjusts an FTICR operation parameter.
4.6.2. SCREEN: Talent acquires an ESI mass spectra.
4.6.3. SCREEN: Talent calibrates the instrument using the reference masses of the standard compounds in the “ES Tuning Mix” solution. 

4.7. To tune the instrument for MALDI operation, dissolve several 1-μL aliquots of a mixed terfenadine and reserpine standard solution in the matrix solution at a concentration of 1 μM each, and spot these solutions directly onto one of the sample tissue sections.
4.7.1. MED/CU: Talent dissolves several 1-μL aliquots of a mixed terfenadine and reserpine standard solution in the matrix solution.
4.7.2. ECU: Talent spots a standard solution directly onto one of the sample tissue sections.

4.8. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Place the slide into a tissue slide adaptor  and load the adaptor from the MALDI side into the dual ESI/MALDI ion source.  
4.8.1. CU: Talent places the slide into a tissue slide adaptor.
4.8.2. MED/CU: Talent loads the adaptor from the MALDI side into the dual ESI/MALDI ion source.  

4.9. Next, optimize the appropriate MALDI operating parameters for the laser power and the number of laser shots for MALDI signal accumulation for each mass scan. 
4.9.1. SCREEN: Talent opens window for MALDI operating parameters, adjusts the laser power, and the number of laser shots for MALDI signal accumulation for each mass scan. 

4.10. After tuning, calibrating, and optimizing the instrument for MALDI-MSI experiments, align the physical location of a tissue section to be imaged with its recorded optical image within the imaging software: Align the three “correction-fluid“ markings using a three-point triangulation method. 
4.10.1. SCREEN: Talent aligns the physical location of a tissue section to be imaged with its recorded optical image within the imaging software.  Talent aligns the three “correction-fluid“ markings using a three-point triangulation method. {Comment: 4.10.1 amd 4.11.1 should be combined.}

4.11. Align the three “correction-fluid“ markings using a three-point triangulation method. 
4.11.1. SCREEN: Talent aligns the three “correction-fluid“ markings using a three-point triangulation method. 

4.12. Then begin a simultaneous ESI and MALDI operation so that each mass spectrum contains the reference mass peaks of the "ES Tuning Mix” solution for post-acquisition internal mass calibration.  
4.12.1. SCREEN: Talent begins a simultaneous ESI and MALDI operation, showing that each mass spectrum contains the reference mass peaks of the "ES Tuning Mix” solution for post-acquisition internal mass calibration.  

4.13. First, attenuate the ESI signal by decreasing the capillary voltage until the MALDI signals dominate the spectra while the ESI calibrant signals are still high enough for internal mass calibration. 
4.13.1. SCREEN: Talent decreases the capillary voltage until the MALDI signals dominate the spectra while the ESI calibrant signals are still high enough for internal mass calibration. 

4.14. Next, set up an automated rastering method for laser irradiation using a "random spot" analysis.  Define the tissue regions to be imaged and set the appropriate laser raster step size. 
4.14.1. SCREEN: Talent opens window to set up an automated rastering method for laser irradiation.  {Comment: 4.14.1, 4.14.2, 4.14.3, 4.15.1 were combined in one shot. Each individual section is also available in the footage taken but it should be combined.}
4.14.2. SCREEN: Talent defines the tissue regions to be imaged.
4.14.3. SCREEN: Talent and sets a laser raster step size of 200 μm 
4.15. Now use a "random spot" analysis, as this prevents location-based bias due to gradual signal attenuation during the experiment.  
4.15.1. SCREEN: Talent starts   "random spot" analysis.  

5. Data Analysis
5.1. Calibrate the MALDI mass spectra using internal calibration for the initial comparison and to select peaks for MS/MS.  De-isotope and select the monoisotopic peaks using a customized VBA script [Text over video: Han et al, 2008] and export the resulting monoisotopic peak lists. 
5.1.1. MED-over-the-shoulder: Talent calibrates the MALDI mass spectra.  
5.1.2. SCREEN: Talent de-isotopes. {Comment: 5.1.2, 5.1., and 5.2.1 were combined into one shot as it is automated by a computer method}
5.1.3. SCREEN Talent runs  customized VBA script  to select the monoisotopic peaks.
5.2. Input the measured m/z values  into the METLIN9 and/or the HMDB metabolome databases for mass matching with the library entries.  
5.2.1. SCREEN: Talent exports the resulting monoisotopic peak lists.
5.2.2. SCREEN: Talent inputs one measured m/z values  into the METLIN9 and/or the HMDB metabolome databases showing consideration of (M+H)+, (M+Na) +, and (M+K) + ions, with an allowable mass error of ±1 ppm. 

5.3. Next, generate MALDI images for all of the lipid entities detected across the entire tissue section using imaging software, with a mass filter width of 1 ppm at the peak apex. 
5.3.1. SCREEN: Using imaging software, Talent starts to generate MALDI images for lipids detected across the entire tissue section, with a mass filter width of 1 ppm at the peak apex. 

5.4. Once images have been generated for all m/z values that match database entries, generate images for all other peaks as well to look for unique distribution patterns that can be investigated later.
5.4.1. MED-over-the-shoulder: Talent  generates images for an unidentified peak 


6. Results: Bovine calf lens tissue 
6.1. For some specific tissues such as bovine lens, extensive tearing of the tissue is often observed when direct thaw mounting is used.  Pre-coating of the ITO glass slide with ethanol or formic acid helps to maintain the integrity of the tissue sections during tissue mounting.
6.1.1. LAB MEDIA: Figure 1A and 1B

6.2. Both the choice of matrix and the selection of solvent are important factors influencing the quality of the MALDI spectra. These examples compare a spectrum produced with an efficient matrix solvent with a poor choice of matrix and solvent for dithranol.  
6.2.1. LAB MEDIA: Figure 2A and B

6.3. Once the set of mass spectra from a MALDI-MSI experiment has been acquired, the image for each of the detected ions can be generated, with each pixel representing a laser irradiation spot from the surface of a tissue section.  
6.3.1. LAB MEDIA: Figure 3 (all panels)

6.4. The relative concentrations of the analytes can be detailed in the  different portions of the tissue section.
6.4.1. LAB MEDIA: Figure 3B
[bookmark: _GoBack]
6.5. In most experiments, the data is normalized to the total ion current  within each spectrum.  Without this normalization, areas with better analyte-matrix co-crystallization could cause stronger signals for the analytes and this would skew the data.
6.5.1.  LAB MEDIA: Figure 3C and 3D.

6.6. Tissue preparation can also dramatically change the image that is generated.  If the sample is “too wet”, then the analytes will delocalize on the tissue and much of the spatial information will be lost. 
6.6.1. LAB MEDIA: Figure 3F


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

7.1. Cuong Le: This demonstration of a tissue imaging experiment on ocular lens lipids, used dithranol as the MALDI matrix to determine spatial distribution of lipids by FTICR MS.  Imaging of lipids in other types of tissues using dithranol or another matrix can be done in a silimar way.  

       

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.  

6.1 –  Figure 1.ai -  Lens tissue mounting

6.2 –  Figure 2.ai -  Matrix solvent choice

6.3 –  Figure 3.ai -  MALDI MSI experiment

6.4 –  Figure 3B.ai -  Representative ion map for Palmitoylcarnitine

6.5 –  Figure 3CD.ai -  Data normalizaton

6.6 –  Figure 3F.ai -  Delocalization of wet tissue


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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