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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes

Authors: Please record screen capture videos for all SCREEN shots and upload them to your project page: https://www.jove.com/account/file-uploader?src=19498698

3. Filming location: Will the filming need to take place in multiple locations?   No


Current Protocol Length

Number of Steps:  24
Number of Shots:  51

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. Do not film 1.2., 5.1., and 5.3. The authors will provide this footage.

REQUIRED: 
1.1. Yuki X. Chen: MALDI MSI is an established and useful tool to identify and visualize lipid abundance and distribution without excessive sample modification. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 3.12.1.


1.2. Jun Yin: To be provided by authors: The main advantage of MALDI Imaging is its ability to detect lipids in situ without labeling and analyze a large population of samples simultaneously. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: LAB MEDIA: Figure 2.


OPTIONAL: 
1.3. Muniyat A. Choudhury: Practice makes perfect. Make sure you practice well before processing the real experimental samples. Minimize the sample preparation time and avoid contamination throughout the procedure. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.8.2.

Authors: Jun Yin, Yuki Chen, and Muniyat Choudhury will be introduced with a text overlay while delivering the interview statements. So we have deleted the “Introduction of Demonstrator on Camera” section from here.



Protocol
Videographer: Do not film section 2. Authors will film section 2 themselves and will provide the footage.

2. Fly Head Embedding
2.1. To begin, add the optimal cutting temperature or OCT (O-C-T) into a plastic cryomold to half of the depth of the cryomold while avoiding bubble formation. Leave the mold on a flat surface for several minutes [1-TXT], and then transfer it onto dry ice. Keep the cryomold flat on the dry ice and allow the OCT to form a flat and even surface [2].
2.1.1. To be provided by authors: Talent adding OCT into a plastic cryomold. TXT: Plastic cryomold: 15 mm x 15 mm x 5 mm
2.1.2. To be provided by authors: Talent transferring the mold onto dry ice and placing it flat on the dry ice.
2.2. Wait until the OCT is fully solidified in the mold [1]. Use the frozen OCT stages immediately or store them at minus 80 degrees Celsius [2]. 
2.2.1. To be provided by authors: OCT is fully solidified in the mold.
2.2.2. To be provided by authors: Talent placing the frozen OCT stages in a refrigerator.
2.3. After anesthetizing the adult flies using carbon-di-oxide, prepare a Petri dish containing a piece of laboratory wipe [1]. Use water to moisten part of the wipe to reduce the static electricity. Keep the wipe half wet and half dry [2].
2.3.1. To be provided by authors: Talent placing a piece of laboratory wipe on a Petri dish.
2.3.2. To be provided by authors: Talent using water to moisten part of the wipe.
2.4. After cutting the fly head under a dissecting scope 1, collect 4 to 5 heads and put them onto the dry area of the laboratory wipe [1]. Take the OCT stage from dry ice to microscope 2 [2], immediately transfer the heads to the OCT stage, and arrange them quickly, which takes around 30 to 60 seconds to avoid OCT melting [3].
Video Editor: This step is important!
2.4.1. To be provided by authors: Talent collecting the fly heads and putting them onto the dry area of the laboratory wipe.
2.4.2. To be provided by authors: Talent taking the OCT stage from dry ice and placing it to microscope 2.
2.4.3. To be provided by authors: Talent transferring the heads to the OCT stage and arranging them.
2.5. Leave around 1 millimeter of blank space around each fly brain to ensure adequate support from the OCT and 4 to 5 millimeters of blank space from the edge of the block to provide adequate room to handle the section [1]. 
2.5.1. To be provided by authors: CU: Around 1 millimeter of blank space around the fly brain and 4 to 5 millimeters of blank space from the edge of the block.
2.6. Put the OCT stage back onto the dry ice and let it stay on for around 3 minutes to make sure the OCT stage remains frozen and solid [1]. After all the fly heads are aligned, let the OCT stage sit on the dry ice for another 5 to 10 minutes [2]. 
2.6.1. To be provided by authors: Talent placing the OCT stage onto the dry ice.
2.6.2. To be provided by authors: All the fly heads are aligned.
2.7. Transfer the OCT stage from the dry ice to a flat surface, and then, quickly, add a large amount of OCT compound to cover all the samples and fill the whole cryomold, which takes around 3 seconds [1]. 
2.7.1. To be provided by authors: Talent adding OCT compound to the OCT stage (placed on a bench or a flat surface).
2.8. Immediately transfer the cryomold back to dry ice and freeze the whole OCT block containing the embedded tissues. Let the OCT stage sit on the dry ice for another 5 to 10 minutes [1]. Label the samples on the margin of the cryomold [2] and store the frozen samples at minus 80 degrees Celsius until ready for sectioning [3].
2.8.1. To be provided by authors: Talent transferring the cryomold filled with OCT compound back to dry ice.
2.8.2. To be provided by authors: Talent labeling the samples on the margin of the cryomold.
2.8.3. To be provided by authors: Talent placing the frozen samples in a refrigerator.

3. Cryosectioning the Tissue
3.1. Confirm the ITO (I-T-O)-coated side by testing the conductivity of the ITO slides using a voltmeter set to resistance [1-TXT]. Mark the side with a resistance measurement as the side to adhere the tissue to. Label it [2] and always set a laboratory wipe on the bottom of the slide to avoid slide contamination [3].
Videographer: This step is important!
3.1.1. Talent testing the conductivity of the ITO slides using a voltmeter set to resistance. TXT: ITO: Indium tin oxide
3.1.2. Talent marking the side with a resistance measurement as the side to adhere the tissue and labeling it.
3.1.3. Talent placing a laboratory wipe on the bottom of the slide.
3.2. Then, allow the tissues to equilibrate in the cryostat chamber for 30 to 45 minutes [1-TXT]. Clean the cryostat, preferably with 70% ethanol [2], wipe the roll plate and stage, and remove the used blades. Use additional clean wipes to ensure that the ethanol has evaporated and that all the surfaces are dry before sectioning begins [3]. 
3.2.1. Talent placing the tissues in the cryostat chamber. TXT: Place all the necessary tools in the cryostat chamber ahead of time to precool them
3.2.2. Talent cleaning the cryostat with ethanol.
3.2.3. Talent wiping the roll plate and stage.
3.3. Next, adjust the temperature of the cryostat chamber and specimen head according to the type of the tissue [1-TXT]. Mount the tissue on the specimen holder using OCT. Be careful to use enough OCT to cover the base of the OCT block and mount the block as flat as possible [2].
3.3.1. Talent adjusting the temperature of the cryostat chamber and specimen head. TXT: For example, −14 °C for liver, −20 °C for muscle, −25 °C for skin, −18 °C for fly heads
3.3.2. Talent mounting the tissue on the specimen holder using OCT.
3.4. Place a clean blade on the stage and lock it [1]. Position the head of the specimen toward the stage as needed to achieve the desired cutting angle [2]. Then, begin the cutting in thick sections until the region of interest is found [3-TXT]. Constantly brush off the extra pieces with a precooled artist brush to keep the stage clean [4].
3.4.1. Talent placing a clean blade on the stage and locking it.
3.4.2. Talent positioning the head of the specimen toward the stage.
3.4.3. Talent cutting the specimen block in sections. TXT: 50–100 μm
3.4.4. Talent brushing off the extra pieces with an artist brush. 
3.5. Adjust the chamber temperature slightly as necessary [1-TXT] and change the thickness of the sections to 10 to 12 micrometers once the desired region is reached [2].
3.5.1. Talent adjusting the chamber temperature. TXT: Set a higher temperature if the section tends to flake or fall apart easily
3.5.2. Talent changing the thickness of the sections to 10 to 12 micrometers.
3.6. Carefully collect the desired section [1], take a room-temperature ITO slide, and position it over the section. Approach the section gently and adhere it to the slide without leaving traces on the cryostat stage [2-TXT]. Videographer: This step is important!
3.6.1. Talent collecting the desired section.
3.6.2. Talent positioning the ITO slide over the section and adhering it to the slide. TXT: Perform this operation in the cryostat chamber
3.7. Place the slide aside in a rack or laboratory wipe outside the cryostat between the collections of multiple sections [1]. 

3.7.1. Talent placing the slide aside in a rack or laboratory wipe outside the cryostat.

3.8. If comparison across different samples of the same cohort is desired, place the sections from multiple samples onto a single slide so that they can be analyzed simultaneously to minimize variation [1]. If necessary, separate to two slides, as the MALDI (Mal-Di) target holder can accommodate two slides in a single run [2].

3.8.1. Talent placing the sections from multiple samples onto a single slide.
3.8.2. Talent placing the sections from multiple samples onto two slides.

3.9. Transport the slides in a slide transporter vacuum box to a desiccator with desiccant as the bottom layer. Dry the slides under a vacuum for 30 to 60 minutes [1]. Then, proceed to the matrix deposition. Use 2,5-dihydroxybenzoic acid or DHB (D-H-B) in methanol-water as the matrix [2-TXT].

3.9.1. Talent transporting the slides in a slide transportervacuum box to a desiccator with desiccant as the bottom layer.
3.9.2. The matrix deposition being performed using DHB in methanol-water as the matrix. TXT: Methanol/water: 70/30, v/v

3.10. [bookmark: _Hlk110524394]Place the slides into a slide transporter [1] and securely seal the opening with the wax film [2]. Seal with a zip bag [3], place it into another zip bag containing desiccant [4], label the outside, and ship the sample to MALDI core facilities with adequate dry ice [5-TXT].

3.10.1. Talent placing the slides into a slide transporter.
3.10.2. Talent sealing the opening with wax film.
3.10.3. Talent placing the slides into a zip bag.
3.10.4. Talent placing the zip bag with slides into another zip bag containing desiccant.
3.10.5. Talent labeling the outside of the zip bag. TXT: Store the slides at −80 °C if not being run immediately

3.11. For the matrix deposition, use 40 milligrams per milliliter of DHB in methanol-water as the matrix and spray it using an automatic HTX M5 (H-T-X M-five) matrix sprayer. Use nitrogen gas pressure of 10 psi (P-S-I) [1-TXT].

3.11.1. [bookmark: _GoBack]Talent spraying the matrix using an automatic HTX M5 matrix sprayer. TXT: Flow rate 0.12 mL/min ; Nozzle temperature 85 °C for 10 passes

3.12. Use a MALDI time of flight MS (M-S) instrument in positive ion mode to acquire a mass spectrum [1-TXT].

3.12.1. A shot of the MALDI time of flight MS instrument in positive ion mode. TXT: Mass ranges from m/z 50–1,000

3.13. Calibrate the instrument by spotting 0.5 microliters of red phosphorus emulsion in acetonitrile onto the ITO slides [1]. Use its spectra to calibrate the instrument in the 100 to 1,000 m/z (M-Z) mass range by applying a quadratic calibration curve [2]. Videographer: This step is important!

3.13.1. Talent spotting the red phosphorus emulsion in acetonitrile onto the ITO slides.
3.13.2. Talent using its spectra to calibrate the instrument in the 100 to 1,000 m/z mass range.

3.14. Set the laser spot diameters to Medium, as it is the modulated beam profile for 40-micrometer raster width, and gather imaging data by summing 500 shots at a laser repetition rate of 1,000 Hertz per array position [1]. Then, record the spectral data [2].

3.14.1. WIDE: The laser spot diameters being set to Medium and the imaging data being gathered by summing 500 shots at a laser repetition rate of 1,000 Hertz per array position. Make sure the monitor is clearly visible in the frame.
3.14.2. The spectral data being recorded. Make sure the monitor is clearly visible in the frame.
 
Videographer: Do not film 3.15.1. and 3.15.2. (SCREEN shots). Authors will provide the screen capture videos.

3.15. Perform the imaging data analysis using root mean square normalization to generate ion images at a bin width of ± (plus-minus) 0.10 Dalton [1]. Align the spectra of both the OCT and brain tissue from the same experiment using the software to evaluate the overlapping peaks and the ion suppression interference of the OCT [2].

3.15.1. SCREEN: To be provided by authors:  Ion images being generated at a bin width of ± 0.10 Dalton.
3.15.2. SCREEN: To be provided by authors: The spectra of both the OCT and brain tissue from the same experiment being aligned using the software to evaluate the overlapping peaks and the ion suppression interference of the OCT.

Authors: Please record screen capture videos for all SCREEN shots and upload them to your project page: https://www.jove.com/account/file-uploader?src=19498698 

3.16. Finally, process the MALDI slides containing the tissue samples by hematoxylin and eosin or H and E staining [1].

3.16.1. Talent processing the MALDI slides containing the tissue samples by H&E staining.

[bookmark: Text2]     



Results
4. Results: MALDI MS Analysis and Mass Spectra of OCT and Drosophila Brain Tissue

4.1. Images from MALDI MS analysis revealed a general decrease in the lipid contents in the LpR1−/− (L-P-R-one-knockout) mutant brain [1]. The representative H and E-stained adult fly brain sections are shown here [2]. The lipid species, their respective m/z values, and the scales of the heatmap are also indicated in this image [3].
4.1.1. LAB MEDIA: Figure 2.
4.1.2. LAB MEDIA: Figure 2.
4.1.3. LAB MEDIA: Figure 2. Video Editor: Emphasize the three rows at the top (written on the white background) and the two rainbow color bars.
4.2. The average fold of reduction in the LpR1−/− mutant, as compared to the controls from at least four biological replicates, are shown as numbers next to the arrows [1].
4.2.1. LAB MEDIA: Figure 2. Video Editor: Emphasize the arrows and the numbers next to them at the bottom.
4.3. The mass spectrum of the selected blank OCT region and the brain tissue region from both the control and mutant flies are shown in the range of [1] m/z 1 to 1,000 [2] and m/z 520 to 900 [3]. The interference of OCT is associated with both ion suppression phenomena and overlapping signal issues [4].
4.3.1. LAB MEDIA: 63930_Supplemental fig 1 revised final.pdf
4.3.2. LAB MEDIA: 63930_Supplemental fig 1 revised final.pdf Video Editor: Emphasize the graphs at the left.
4.3.3. LAB MEDIA: 63930_Supplemental fig 1 revised final.pdf Video Editor: Emphasize the graphs at the right.
4.3.4. LAB MEDIA: 63930_Supplemental fig 1 revised final.pdf 




Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements 

Videographer: Do not film 1.2., 5.1., and 5.3. The authors will provide this footage.

5.1. Kelly Veerasammy: To be provided by authors: To maintain the fidelity of lipidomics data, appropriate sample preparation, dissection, and cryosectioning are crucial. 

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.1.1., 2.1.2., 2.5.1., 3.6.1., 3.6.2.

5.2. Tiffany Zhong: After performing the MALDI experiment, the identities of the lipids can be verified through LC-MS, known as Liquid chromatography-mass spectrometry-based lipidomics.

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

5.3. Jun Yin: To be provided by authors: This technique gains molecular insights on brain lipid homeostasis by using the powerful Drosophila model system, which paves the way to understand human disease-related metabolic changes in the brain.

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.5.1.
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