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[bookmark: BackToTop]A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N (Note that experimental setup does use software with a CCD camera)
B.   Does your protocol include detailed, step-by-step descriptions of software usage? (Y/N) Y
[bookmark: BackToQues]C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers in this document.
Steps 2.1, 2.2 (The rest will be primarily screen capture.)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 steps using the step numbers in this document.
Steps 2.5*, 2.6, 2.11
E.  Will the filming need to take place in multiple locations? (Y/N) N

*Note to videographer: 2.5 has an establishing over-shoulder shot; the other two steps are entirely screen capture. 
1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (read by voice talent at JoVE)

The overall goal of this method is to quantify the spatial distribution of metals in tissue sections using laser ablation-inductively coupled plasma-mass spectrometry. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Dominic Hare: This method can help answer key questions of both basic biology and disease research, particularly for conditions where metal biochemistry is implicated in disease pathology.
1.2. Dominic Hare: The main advantage of this technique is that it visualizes the elemental profile of tissue sections, retaining important spatial information that is lost using the traditional bulk analysis method.

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.3. Beate Knauer: The implications of this technique extend toward therapy and diagnosis of neurodegenerative diseases, because it allows us to monitor how metal levels change in brain regions that exhibit cell death.
1.4. [bookmark: IntroStatements]Kai Kysenius: Generally, individuals new to this method will struggle to set up what can be long and complex experiments.
1.5. Beate Knauer: Visual demonstration of this method is critical as designing the experiment and analyzing data can be challenging, because each step must be carefully executed in a specific order.

Authors: Some interview statements have been moved to the conclusion to accommodate length restrictions.

E.  Ethics Title Card (For human subjects or animal work. Does NOT count toward word length total.)

1.9. All experiments were carried out in accordance with the Florey Animal Ethics Committee requirements and National Health and Medical Research Council standards of animal care. 

[bookmark: Protocol]Protocol (read by voice talent at JoVE)
2. Preparation of the Laser Ablation-Inductively Coupled Plasma-Mass Spectrometer (LA-ICP-MS)
2.1. First, place a brain tissue sample and all matrix-matched tissue standards in the laser ablation chamber. [1-MED-TXT] Ensure that the samples are within the LA CCD camera depth of field. [2-MED-Over shoulder]
2.1.1. Talent places the sample and standards in the ablation chamber. (TEXT: See text protocol for sample and standard preparation.)
2.1.2. Talent checks the position of the samples relative to the camera.
2.2. Close the chamber door and finger-tighten the screws. [1-MED] Then, in the ICP-MS software, [2-MED-Over shoulder] open the carrier gas valve and set the flow rate to 1.2 L/min. [3-SCREEN]
2.2.1. Talent closes the chamber and tightens the screws by hand.
2.2.2. Talent, at the computer, working in the ICP-MS control software.
2.2.3. *To be provided by authors: Screen capture footage of the carrier gas valve being opened and the flow rate being set to 1.2 L/min.
2.3. In the LA software, run a 30-minute purge of the ablation cell with the carrier gas. [1-SCREEN] For a two-volume ablation cell, every ten minutes, move the sample stage to each corner of the chamber to reduce the amount of residual air in the cell. [2-SCREEN]
2.3.1. *To be provided by authors: Screen capture footage of the ‘purge’ button being clicked and the purge starting.
2.3.2. *To be provided by authors: Screen capture footage of the stage being moved diagonally from one corner to the opposite corner.
2.4. Turn on the ICP-MS and allow the instrument to warm up for 2 hours. [1-MED-Over shoulder] While the instrument is warming up, in the laser ablation software, draw a line of ablation approximately 3 mm long across the surface of the first tissue standard. [2-SCREEN]
2.4.1. Talent turns on the ICP-MS from the instrument computer.
2.4.2. *To be provided by authors: Screen capture footage of the line tool being selected and a line of ablation being drawn across the tissue standard.
2.5. Click the line of ablation and set the default beam diameter, the scan speed, and the radiant fluence. [1-SCREEN] Duplicate the line six times, spacing the lines apart by the beam diameter. [2-SCREEN] Repeat this process for each standard. [3-MED-Over shoulder]
2.5.1. *To be provided by authors: Screen capture footage of right-clicking the line of ablation and the beam diameter, scan speed, and radiant fluence being set.
2.5.2. *To be provided by authors: Screen capture footage of right-clicking the line and selecting ‘duplicate scans’ as needed to create seven lines spaced by the beam diameter.
2.5.3. Talent at the instrument computer, duplicating lines on another tissue standard.
2.6. Then, use the line tool to draw the ablation area over the sample from the upper left corner across the widest point of the sample, [1-SCREEN] using the same parameters as for the standards. [2-SCREEN]
2.6.1. *To be provided by authors: Screen capture footage of the line tool being selected and the ablation area being drawn.
2.6.2. *To be provided by authors: Screen capture footage of right-clicking on the line and the parameters being shown as the same ones used for the standards.
2.7. Duplicate the line as needed for complete coverage of the sample, with the same spacing as used in the standards. [1-SCREEN]
2.7.1. *To be provided by authors: Screen capture footage of the line being duplicated.
2.8. Then, draw a set of lines for intermittent scanning of standards no later than after 20 hours of scanning the sample, or between each sample. [1-SCREEN] Add a scan of the standards to the end of the experiment. [2-SCREEN]
2.8.1. *To be provided by authors: Screen capture footage of lines being drawn on the standards for intermittent scanning.
2.8.2. *To be provided by authors: Screen capture footage of the additional scan of the standards being appended to the end of the experiment.
2.9. Based on the line length and the scan speed, determine the analysis time for the sample and standard lines. [1-SCREEN] Then, create a new batch in the ICP-MS software and select ‘time resolved analysis’. [2-SCREEN]
2.9.1. *To be provided by authors: Screen capture footage of the line length being pointed out with the cursor, and then the laser scan speed being pointed out with the cursor.
2.9.2. *To be provided by authors: Screen capture footage of a new batch being created and ‘time resolved analysis’ being selected.
2.10. Choose the mass to charge ratio values of interest [1-SCREEN] and set the integration times for each ratio so that the total integration time for one cycle is 0.25 s. [2-SCREEN] Save the batch. [3-SCREEN]
2.10.1. *To be provided by authors: Screen capture footage of the m/z values of interest being selected.
2.10.2. *To be provided by authors: Screen capture footage of the integration times being set for each m/z.
2.10.3. *To be provided by authors: Screen capture footage of ‘Save Batch As’ being selected and the file name being filled in.
2.11. For a standard batch, fill in the analysis time for each line with an additional 15-second buffer to account for laser warmup and washout times. [1-SCREEN] Set a sample run list with an acquisition for each standard line. [2-SCREEN]
2.11.1. *To be provided by authors: Screen capture footage of the analysis time for each line scan being filled in.
2.11.2. *To be provided by authors: Screen capture footage of a sample run list being generated.
2.12. For the sample batch, duplicate the standard batch [1-SCREEN] and adjust the times and number of acquisitions accordingly for the sample ablation pattern. [2-SCREEN]
2.12.1. *To be provided by authors: Screen capture footage of selecting ‘Save Batch As’ from the standard batch and filling in a sample file name.
2.12.2. *To be provided by authors: Screen capture footage of the acquisition time and number of acquisitions being changed to match the sample pattern.
3. LA-ICP-MS Data Acquisition and Analysis
3.1. Once the ICP-MS has warmed up, add the first batch to the queue and ensure that the software is waiting for a trigger from the LA instrument. [1-SCREEN]
3.1.1. *To be provided by authors: Screen capture footage of the batch being added to the queue and the waiting-for-trigger prompt.
3.2. Then, in the LA software, turn on the laser power supply and set the laser warmup and washout times. [1-SCREEN] Start the laser sequence [2-SCREEN] and check that the ICP-MS correctly starts data collection after ablation. [3-SCREEN]
3.2.1. *To be provided by authors: Screen capture footage of clicking ‘emission’, ‘run’, and setting the warmup and washout times.
3.2.2. *To be provided by authors: Screen capture footage of clicking ‘start’.
3.2.3. *To be provided by authors: Screen capture footage of the ICP-MS starting data collection in response to the LA trigger.
3.3. Once the data has been collected, extract the data for the standards from the .csv files. [1-SCREEN] Perform baseline subtraction [2-SCREEN] and exclude the background signal. [3-SCREEN]
3.3.1. *To be provided by authors: Screen capture footage of clicking ‘Import’ and the folder with .csv files being selected.
3.3.2. *To be provided by authors: Screen capture footage of clicking ‘Select All’ and selecting ‘Baseline_1’ for integration.
3.3.3. *To be provided by authors: Screen capture footage of entering time values to exclude data from the beginning and end of a line.
3.4. Identify signal drops caused by holes in the tissue standards. [1-SCREEN] Mask these low-signal areas, [2-SCREEN] and then export the data as a spreadsheet. [3-SCREEN]
3.4.1. *To be provided by authors: Screen capture footage of clicking on ‘Samples’, then ‘Channels’, and then using the cursor to point out sharp drops in signal.
3.4.2. *To be provided by authors: Screen capture footage of the ‘Index Channel’ being chosen and ‘Threshold to use when masking low signals’ being filled in.
3.4.3. *To be provided by authors: Screen capture footage of clicking the ‘Results’ tab, then ‘Export data’, and then entering a file name.
3.5. Calculate a conversion factor from CPS to ppm for each element identified. [1-SCREEN] Repeat this process for each standard. [2-MED-Over shoulder]
3.5.1. *To be provided by authors: Screen capture footage of the conversion factor being calculated in spreadsheet software.
3.5.2. Talent at the computer, processing another standard in the analysis software.
3.6. Next, open the quantitative image construction software and import the sample data from the .csv files. [1-SCREEN] Select several areas of the background to apply background correction. [2-SCREEN]
3.6.1. *To be provided by authors: Screen capture footage of clicking ‘Load Images’ and selecting the folder of .csv files.
3.6.2. *To be provided by authors: Screen capture footage of clicking on the ‘Baselines’ tab and selecting several areas of the background.
3.7. Select the graph editing tool, right-click the image, and select ‘Modify Image Appearance’. [1-SCREEN] Change ‘First Color at Z’ to a large negative value, and click ‘Done’ to enhance the background signal. [2-SCREEN]
3.7.1. *To be provided by authors: Screen capture footage of selecting the editing tool, right-clicking the image, and selecting ‘Modify Image Appearance’.
3.7.2. *To be provided by authors: Screen capture footage of changing ‘First Color at Z’ to -100000 and clicking ‘Done’.
3.8. Then, in the ‘Standards’ tab, enter the CPS-ppm correction factors for each standard, and click ‘Go’. [1-SCREEN] Open the ‘Data Browser’ in the ‘Data’ tab, right-click on a corrected image file, and click ‘New Image’. [2-SCREEN]
3.8.1. *To be provided by authors: Screen capture footage of clicking the ‘Standards’ tab, entering the calculated CPS/ppm correction factors, and clicking ‘Go!’.
3.8.2. *To be provided by authors: Screen capture footage of clicking the ‘Data’ tab, opening the ‘Data Browser’, right-clicking on an image file in the ‘StdCorrImages’ folder, and clicking ‘NewImage’.
3.9. Open the ‘Modify Image Appearance’ window and set the color table and scale. [1-SCREEN] Use the ‘Add Annotation’ utility to place a color scale on the image. [2-SCREEN] Adjust the color scale in the ‘ColorScale’ window. [3-SCREEN]
3.9.1. *To be provided by authors: Screen capture footage of right-clicking on an image, opening the ‘Modify Image Appearance’ menu, and choosing the color table and scale.
3.9.2. *To be provided by authors: Screen capture footage of right-clicking the same image and opening the ‘Add Annotation’ window.
3.9.3. *To be provided by authors: Screen capture footage of selecting ‘ColorScale’ in the annotation window and adjusting the color scale with the tabs.
3.10. Once the image has been colored and annotated, either copy and paste the image into another program, [1-SCREEN] or export the image from the image construction software. [2-SCREEN]
3.10.1. *To be provided by authors: Screen capture footage of copying and pasting the image into another example program.
3.10.2. *To be provided by authors: Screen capture footage of clicking ‘Save graphics…’, choosing the image format, and saving the file.
3.11. To activate the ROI tools, select ‘Image Processing’ from the analysis packages and choose an image. [1-SCREEN]
3.11.1. *To be provided by authors: Screen capture footage of clicking on the ‘Analysis’ tab, then on ‘Packages’, selecting ‘Image Processing’, and then clicking on the desired image.
3.12. In the ‘Image’ tab, click ‘ROI’ and ‘Start ROI draw’. [1-SCREEN] Select the region of interest, and then click ‘Finish ROI’. [2-SCREEN]
3.12.1. *To be provided by authors: Screen capture footage of clicking on the ‘Image’ tab, then on ‘ROI’, and then ‘Start ROI draw’.
3.12.2. *To be provided by authors: Screen capture footage of selecting the ROI and clicking ‘Finish ROI’.
3.13. In the ‘Image’ tab, click ‘Stats’ to obtain the ROI data. [1-SCREEN] Copy and paste the data to a spreadsheet, making sure to save when each ROI is added. [2-SCREEN] Repeat the process as needed. [3-MED-Over shoulder]
3.13.1. *To be provided by authors: Screen capture footage of clicking ‘Stats…’ and the results being displayed.
3.13.2. *To be provided by authors: Screen capture footage of the data being copied and pasted into spreadsheet software.
3.13.3. Talent selecting ROIs for another element of interest.
4. Results: Metal Distribution in a Wild-Type Mouse Brain
4.1. The metal content and distribution of a wild-type mouse brain was investigated using this technique. Here, the distributions of carbon, magnesium, and phosphorus are shown in counts per second. Quantitative images are shown for manganese, copper, iron, and zinc. The carbon distribution was used as an internal standard. [1-LM]
4.1.1. Figure 2.jpg: During “the distributions…counts per second”, box the top three images. During “Quantitative…zinc”, box the bottom four images. During “The carbon…standard”, box only the “C13” image.
4.2. Iron was most abundant in the midbrain and the dentate gyrus. Zinc was most abundant in the cortical areas. The information from these images can then be used to track the expression and functionality of metal-binding proteins. [2-LM]
4.2.1. Figure 2.jpg: During “Iron…gyrus”, box the “Fe56” image. During “Zinc…areas”, box the “Zn66” image.
5. Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. Kai Kysenius: Once mastered, an experiment running several days can be set up in a matter of hours if it is performed properly.
5.2. Kai Kysenius: While attempting this procedure, it’s important to remember to make sure ablation lines and ICP-MS data files are synchronized.
5.3. Beate Knauer: Following this procedure, other methods like histological staining on adjacent sections can be performed in order to provide additional information like the colocalization of metals with specific proteins.
5.4. Dominic Hare: We first had the idea for this method when we wanted to examine how regional metal levels changed in laboratory models of Parkinson’s disease.
5.5. Kai Kysenius: Though this method can provide insight into neurodegeneration, it can also be applied to other disease states and tissue types, including model organisms, human tissue, and a range of biological matrices.
5.6. Dominic Hare: After its development, this technique paved the way for researchers in the field of neuroscience to explore how metals such as iron show altered levels and distributions in human samples and models of neurodegenerative diseases.
5.7. Kai Kysenius: After watching this video, you should have a good understanding of how to set up an imaging experiment using laser ablation-inductively coupled plasma-mass spectrometry. 
5.8. Beate Knauer: Don't forget that working with biological material can be extremely hazardous and precautions such as wearing appropriate personal protective equipment should always be taken while performing this procedure.
[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif - dual color imaging of tumor angiogenesis at 40X
6.2 –  01234_PIname_Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16787858

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)


General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are prepared and labeled in advance and on hand at the start of filming.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive. (ex. Luciferase assay done in 96-well plates has negative/positive control wells and experimental samples labeled accordingly)

You will receive more detailed preparation instructions in the email accompanying the finalized script. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
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