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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: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)Yes, but              can be included in written protocol and not required in video format.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps 2.2-2.7, 3.5-3.10.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Steps 2.2-2.7; the optimization of the of the source geometry in preparation for imaging.

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.  

Conceptual Narrative:
The overall goal of the following experiment is to map the spatial distribution of chemicals in a biological tissue using an ambient mass spectrometry technique. (Intro)

This is achieved by using the pneumatically assisted spray of DESI (TEXT: DESI: desorption electrospray ionization) to desorb and ionize the molecules present in the tissue. (P1)

As a second step, the DESI ion source is scanned across the sample area in a controlled fashion. (P2)  

Next, the mass spectral information is correlated to the spatial motion of the sample stage in order to plot the ion’s intensity as a function of x and y position ultimately creating a chemical image. (P3)

The results show that there are distinct distributions of lipids in rat brain tissues between the grey and white matter based on the mass spectrometry images of selected lipid ions. (P4)

Video Editor: Please see the animated Powerpoint <50575_Layered-Figures.pptx>

[image: ] [image: ]

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


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. Author name Rachel Bennett: Though this method can provide insight into chemical distributions in biological tissues, it can also be applied to other systems, such as thin layer chromatography plates, mineral surface reactions, and marine algae.

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. DESI Optimization
2.1. Prior to starting this procedure, mount the tissue on a microscope glass slide. 
2.1.1. WIDE:  Talent walks up to the DESI-MSI instrument with microscope glass slide in hand. (use Take 2)
2.1.2. CU: View of tissue microscope sample slide in stage.
2.2. Using acetonitrile with 1% acetic acid as the DESI solvent, turn on the syringe pump with a flow rate of 5 μL/min.
2.2.1. MED-over the shoulder: Talent turns on syringe pump.
2.3. Once the solvent appears dripping out of the DESI source tip, turn on the nitrogen nebulizing gas with a pressure of 160 psi.
2.3.1. CU: DESI source tip to observe the solvent dripping out of it.
2.3.2. MED-over the shoulder: Talent turns on the nitrogen nebulizing gas.
2.4. Then, turn on the high voltage power supply connected to the ion source applying 3600 V.
2.4.1. MED: Talent turns on the high voltage power supply.
Note: 2.6 moves before 2.5:
2.6.     For optimal transfer of ions, adjust the stage height so that the MS interface capillary hovers over the sample surface. The capillary should be <1 mm from the surface and have a collection angle of ~15°.
2.6.1.  MED-over the shoulder: Talent adjusts the stage height. Author’s note says that this was mis-slated as 3.5.2, but I wonder if she meant “2.5.2.” Whichever, she said to use take 2.
2.6.2.  CU: MS interface capillary above the sample surface.
2.5. Once the slide has been mounted on the motion stage, position the tip 3 mm from the sample surface and 5 mm from the MS capillary inlet, with the probe at an angle of 55° with respect to the sample surface. (TEXT: Inner capillary of the DESI probe should extend ~1mm beyond the outer capillary). 
2.5.1. CU: Tissue slide on the motion stage.
2.5.2. MED: Talent positions the tip and probe.
2.6. For optimal transfer of ions, adjust the stage height so that the MS interface capillary hovers over the sample surface; the capillary should be <1 mm from the surface and have a collection angle of ~15°.
2.6.1. MED-over the shoulder: Talent adjusts the stage height. 
2.6.2. CU: MS interface capillary above the sample surface.
2.7. Next, align the DESI probe in the x dimension with respect to the MS capillary inlet so that they are directly in line.
2.7.1. CU: Talent aligns the DESI probe.
2.8. Using the extra tissue section, set the y separation between the source tip and the capillary inlet to ~4 mm, and the z separation between the tip and the sample surface to ~1.5 mm. (TEXT: These parameters differ between experimental set-ups. Make fine adjustments as necessary.).
2.8.1. MED-CU: Talent sets the y and z separations of the DESI source.
2.9. Following this, adjust the distance that the inner capillary extrudes from the outer capillary of the source for maximum sensitivity and minimal impact spot size. The glare of light in the room on the microscope slide can be used to better see the impact spot. (TEXT: Caution: Turn the high voltage OFF while making this adjustment).
2.9.1. CU: Talent adjusts the inner capillary.
2.10. To improve the sensitivity during the ionization process, heat the transfer capillary using a rope heater or heating block to 100 °C.
2.10.1. CU:  Talent points to heating block
2.10.2. MED-over the shoulder: Talent turns the heater on.
3. Tissue Imaging and Image Processing
3.1. Program the LabView VI (pronounced LabView V-i) control software for desired imaging conditions based on DESI impact plume size and optimal sensitivity.  Use a stage scan speed of 160 μm/s, and a line spacing between rows of 200 μm. 
3.1.1. SCREEN: Computer screen as talent programs the appropriate parameters.
3.2. Give the directory path and the file name for the position and the time files to be recorded during images within the LabView VI.
3.2.1. SCREEN: Computer screen as talent gives directory path and enters file name. Author’s note: “If using video rather than screen capture, use Take 2.”
3.3. In preparation for the mass spectral data acquisition, the software automatically calculates the total time required for imaging.  Input the total time, in minutes, into the mass spectrometer prior to starting the data acquisition.
3.3.1. SCREEN: Computer screen as talent shows where to find the total time.
3.3.2. SCREEN:  Talent inputs the total time into the mass spectrometer. (TEXT: Enter time in  minutes)
3.4. Next, position the spray impact spot in the top-left of the area to be imaged.  Begin the acquisition of the MS data and the stage motion simultaneously.
3.4.1. MED: Talent positions the spray impact spot.
3.4.2. MED-over the shoulder: Talent begins the MS and stage motion acquisition.
3.5. Upon conclusion of the data acquisition, return the mass spectrometer to STANDBY mode.  Turn off the high voltage of the DESI source.
3.5.1. SCREEN: Talent returns spectrometer to STANDBY mode. (Author Note: If using video – use Take 2)
3.5.2. MED: Talent turns off high voltage.
3.6. Turn off the nitrogen gas and the syringe pump.
3.6.1. MED: Talent turns off nitrogen gas and syringe pump.
3.7. Using the DataManager within MassCenter, convert the acquired data to centroided data and then export it in .cdf format.
3.7.1. SCREEN: Computer screen as talent converts data and then exports in .cdf format.
3.8. Finally, upload the raw .cdf mass spectral data and the two text files, position and time, to the OmniSpect website.  Use BioMAP to visualize the Firefly-processed imaging data.
3.8.1. SCREEN: Computer screen as talent uploads data and files to OmniSpect website.
4. [bookmark: _GoBack]Results: Imaging of Rat Brain Tissue by DESI-MSI
4.1. Shown here is a representative spectrum obtained from an untreated rat brain section. In the positive mode, the mass spectrum is dominated by phosphatidylcholines due to their high ionization efficiencies, which are attributed to the positively charged quaternary ammonium group. In addition, the total ion image of the tissue section shows an abundant signal across the entire brain section. 
4.1.1. LAB MEDIA: Figure 3 (Video Editor: Please only show image A for the second sentence and image B for the last sentence).
4.2. The spatial distribution of example lipids shows how the relative abundance of different phosphatidylcholine species varies between the grey and white matter of the brain.  For example, the species [PC 34:1 + K]+ (pronounced potassiated phosphatidyl choline 34:1) with a m/z (pronounced mass to charge ratio) of 798.5364 shows increased intensity in the cerebellar cortex or gray matter.  In contrast, the species [PC 36:1 + K]+ with a m/z of 826.5558 shows increased intensity in the cerebellar peduncle or white matter. The composite image obtained for the two ions highlights the contrast in lipid distribution across the tissue section. 
4.2.1. LAB MEDIA: Figure 4 (Video Editor: Please only show image A for the second sentence, image B for the third sentence, and image C for the last sentence). 

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


5. 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.
5.1. Author name Rachel Bennett: While attempting this procedure, it’s important to remember to carefully optimize the DESI-stage-inlet geometry. These conditions are most critical for successful DESI 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, 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.  

50575_Layered-Figures.pptx

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.
 2012, Journal of Visualized Experiments
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