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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera? Y 

2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.5.2
4.2.2
4.4.2

4. 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.)
4.2.2
4.4.2
5. Will the filming need to take place in multiple locations? N 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Cheng Teng Ng: Our method outline the simple and rapid way for studying nanotoxicity such as determining the types of cell death and examining generation of reactive oxygen species (ROS) [1].
1.1.1. INTERVIEW

1.2. Cheng Teng Ng: FACS is a straight forward method that allows us to analyze the subpopulations of cells undergoing different types of cell death, in a few minutes. This DHE probe staining technique allows us to analyze (measure, monitor) multiple parameters, including the detection and quantitation of reactive oxygen species (ROS) in living cells, followed by flow cytometry, microscopic, high-content imaging and microplate-based fluorometry analyses [1]. 
1.2.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Cheng Teng Ng: It is important to note that DHE stain is not specific for any specific types of ROS; it serves as an indicator of intracellular ROS production if that's all you're trying to demonstrate [1].
1.3.1. INTERVIEW

1.4. Cheng Teng Ng: DHE is really picky. The staining time needs to be consistent for results to be comparable across different batches. For this reason, it's the best to test the control at the same time simultaneously. In our experience, the fixation step is not essential but does enable the visualization of the cell boundaries when imaging. In addition, DHE stocks also tend to expire rather quickly so attention should be paid when preparing the stock solution [1]. 
1.4.1. INTERVIEW

1.5. Cheng Teng Ng: This dye is more sensitive to the light, so pay more attention when preparing the stock solution, such as prepare it in the dark, away from the light source. Depending on cell types (for example, the immune cells versus the cultured mammalian cells), you need to optimize the concentration of the DHE dye. You can start with 10 microM and then increase by two-fold till you observe a good signal with less background [1].
1.5.1. INTERVIEW

Section - Protocol
2. Fluorescence Activated Cell Sorting (FACS) Analysis on Lived/Fixed Cells 
2.1. To begin, place an Eppendorf tube containing ZnO NPs (pronounce as zinc oxide nanoparticles) in ZnO NP stock solution into a sonicator for 15 minutes [1]. Prepare ZnO NPs at various concentrations using 1 milligram per milliliter ZnO NP stock [2-TXT].
2.1.1. Talent places the ZnO NP solution in an Eppendorf tube into a sonicator.
2.1.2. Talent prepares solutions. TEXT: e.g., 0, 10, 25, 50,100 and 200 μg/mL
2.2. Then, in a biosafety cabinet, seed MRC5 (pronounce as M-R-C-five) human lung fibroblasts onto three 6-well culture plates at the concentration of 1 x 105 cells per well [1]. Incubate the cells at 37 degrees Celsius [2]. After one day, treat the cells with 2 milliliters of ZnO NPs for 8 hours, 16 hours, or 24 hours [3]. 
2.2.1. Talent adds cells onto one plate in a cabinet.
2.2.2. Talent places the plates into an incubator.
2.2.3. Talent adds solution onto the three plates.
2.3. At each time point, collect the cells into a 15-milliliter centrifuge tube, and centrifuge at 300 times g for 5 minutes [1]. Wash the cell pellets twice with phosphate buffered saline [2], and then resuspend the cells with 1x binding buffer [3-TXT].
2.3.1. Talent transfers cells into a tube, and places the tube in a centrifuge.
2.3.2. Talent adds buffer onto the plate, and places into a centrifuge.
2.3.3. CU: Talent adds buffer to resuspend. TEXT: See manuscript for buffer preparation.
2.4. Next, add 5 microliters of FITC (pronounce as F-I-T-C) /Annexin V (pronounce as five) stain and 5 microliters of propidium iodide DNA stain [1-TXT]. Incubate the stained cells for 15 minutes at room temperature in the dark [2]. 
2.4.1. CU: Talent adds two staining solutions. TEXT: FITC: Fluorescein isothiocyanate/AV and propidium iodide Video editor: show text when VO says FITC and PI
2.4.2. Talent places the stained cells in the dark.
2.5. Before sorting the cells by flow cytometry, top up the samples with an additional 400 microliters of 1x binding buffer [1]. Tabulate the bar chart using the median intensity obtained [2].
2.5.1. Talent adds buffer.
2.5.2. Talent sits in front of the computer, with view of the flow cytometry nearby. Important Step
3. Exposure of ZnO NPs to Drosophila
3.1. Now, use a pipette to add 1 milliliter of nanoparticles at different concentrations into vials, followed by 9 milliliters of fly food to make a final concentration of 0.1 milligrams per milliliter, 0.25 mg/mL or 0.5 mg/mL ZnO NPs. Pipet up and down to mix thoroughly [1].
3.1.1. Talent adds solution and fly food into one vial, and mixes by pipetting, and then proceed to another vial.
3.2. Allow fly food containing ZnO NPs to cool for at least 2-3 hours before use [1].
3.2.1. Shot of the vials.
3.3. Then, anaesthetize adult male and female flies in a vial with carbon dioxide, and introduce 5 male flies and 5 female flies into each vial for 5 days [1]. Allow them to mate and lay eggs on the surface of the food [2].
3.3.1. CU: Talent anaesthetizes flies and transfers them into the vials.
3.3.2. ECU: Shot of the eggs on the surface.
3.4. After anaesthetization, remove the parental flies [1], and allow the eggs to undergo further development at room temperature, which consists of 4 different developmental stages (embryonic, larval, pupal and adult stage) [2].
3.4.1. CU: Talent removes flies.
3.4.2. CU: Shot of the vials.
4. Dissection of Fly and ROS Detection
4.1. After 72 to 120 hours, freshly laid eggs develop into late 3rd instar larvae [1]. Using forceps, collect the larvae from the wall of the vials for analyses [2].
4.1.1. ECU: Shot of the larvae.
4.1.2. ECU: Talent collects larvae. Focus on the larvae.
4.2. In a well of a dissection dish with dissection medium or PBS, place the larvae into the solution [1]. Under the stereomicroscope, use the tip of the forceps to make a tiny hole and break open the cuticle layer of the larvae. Carefully pull out the gut [2].
4.2.1. CU: Talent places the larvae into the well.
4.2.2. SCOPE: Talent dissects the larvae, and pulls out the gut. Important Step
4.3. Place the gut into a 1.5 milliliter microcentrifuge tube containing Schneider’s Drosophila medium [1]. Add 1 microliter of the DHE (pronounce as D-H-E) probe, and incubate in the dark at room temperature for 10 minutes to fix the gut [2].
4.3.1. ECU: Talent places the gut in a tube.
4.3.2. Talent adds 1 mL solution into the tube.
4.4. Wash the gut three times using Schneider’s medium every 5 minutes [1]. Mount the gut onto glass slides, and supply with 10 microliters of anti-fade mounting medium containing DAPI (pronounce as D-A-P-I) [2-TXT]. Capture images under a confocal microscope [3].
4.4.1. Talent adds medium into the tube.
4.4.2. CU: Talent places the gut on slides, and adds solution. TEXT: DAPI: 4′,6-diamidino-2-phenylindole Video editor: Show text when VO says DAPI. Important Step
4.4.3. Talent transfers the slide under a microscope.
5. Measuring Fluorescence using ImageJ Software
5.1. To measure fluorescence, import the captured fluorescence images acquired using fluorescence microscopy or confocal laser scanning microscopy into the ImageJ software [1]. 
5.1.1. Talent sits in front of a computer to import images.
5.2. Click on the Analyze menu and select Set measurements. Select the output measure such as area integrated intensity and mean grey value. Click Measure. Select a region without fluorescence to set the background [1].
5.2.1. SCREEN: Talent operates in the ImageJ software.
5.3. Export the data into the spreadsheet and determine the corrected total cell fluorescence [1-TXT]. Construct a bar chart and perform statistical analysis [2].
5.3.1. SCREEN: Talent exports data into spreadsheet. TEXT: CTCF (corrected total cell fluorescence) = Integrated Density – (Area of selected cell ✖ Mean fluorescence of background readings)
5.3.2. SCREEN: Talent constructs a bar chart.




Section – Results
6. Results: Toxicity Study of ZnO NPs 
6.1. In this study, ZnO NP (pronounce as zinc oxide nanoparticle) -treated cells exhibit a higher percentage of early R-three or late apoptotic R-six cells [1] than control cells R-five [2]. Necrotic cell death was denoted by R-four [3].
6.1.1. Figure 2 – Video editor: emphasize the bottom, right panel, and top, left panel in the right two graphs.
6.1.2. Figure 2 – Video editor: emphasize the bottom, left panel in the most left graph.
6.1.3. Figure 2 – Video editor: emphasize the top, right panel, in the right two graphs.
6.2. The gut extracted from the Drosophila larva was divided into three discrete domains of different developmental origin, namely the foregut, midgut, and hindgut [1].
6.2.1. Figure 5 – Video editor: emphasize the three domains accordingly.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Cheng Teng Ng: DHE stocks also tend to expire rather quickly so be careful of the stock solution you’re using [1].
7.1.1. INTERVIEW
7.2. Cheng Teng Ng: Alternatively you could try other probe for example, the CellRox, which is designed to detect the intracellular ROS levels in green signal that is more photo-stable than DHE [1].
7.2.1. INTERVIEW
7.3. Cheng Teng Ng: Our protocol provides a general outline for studying the intracellular ROS production, followed by the quantitation of ROS for nanotoxicity studies [1].
7.3.1. INTERVIEW
7.4. Cheng Teng Ng: DMSO is known to be a better solvent for DHE than PBS. However, DMSO is toxic and thus, I would advise the user to restrict the entire process of staining to 30 minutes in maximum. This is because you may observe a false positive outcome as DMSO may cause cell death, to “false” high signal (dead cells exhibit very high DHE fluorescence signal) [1].
7.4.1. INTERVIEW
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