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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  
Can you record movies/images using your own microscope camera? (Y/N)____Y_____  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ______________3.4， 4.1， 4.4，and 5.3_____________________________
D.  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.) __________3.4 and 5.3_________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? __
The confocal microscopy equipment is located in the same building. Less than 50 meters walking distance.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Juan Pablo Giraldo: The ability of cerium oxide nanoparticles to catalytically scavenge reactive oxygen species in vivo provides a unique tool to understand and engineer mechanisms of plant signaling and tolerance to stress [1-INT].
1.1.1. Dr. Juan Pablo Giraldo says the above in an interview style statement, looking slightly off-camera
1.2. Honghong Wu: Reactive oxygen species play a key dual role in plants by acting as signaling molecules at low levels and damaging molecules at high levels [1-INT].
1.2.1. Honghong Wu says the above in an interview style statement, looking slightly off-camera

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Gregory Newkirk: The main advantage of this technique is the potential to be applied to diverse wild type plants with broad leaves and leaf structure like Arabidopsis thaliana [1-INT].
1.3.1. Gregory Newkirk says the above in an interview style statement, looking slightly off-camera


Protocol: (read by voice talent at JoVE)
2. Synthesis and Characterization of PNC
2.1. After growing the Arabidopsis thaliana (pronounce “uh-Rab-uh-DOP-sis Thal-ee-AH-nuh”) plants [1-MED/WIDE-TXT], weigh out 1.08 g of cerium (III) nitrate [2-MED] and dissolve it in 2.5 mL of biology grade water in a 50 mL conical tube [3-MED].
2.1.1. Establishing shot of the talent approaching the lab bench. TEXT: See text for details on growing A. thaliana plants.
2.1.2. Talent weights out cerium (III) nitrate.
2.1.3. Talent transfers cerium (III) nitrate to a 50 mL conical tube containing 2.5 mL of water.
2.2. Weigh out 4.5 g of poly(acrylic acid) and dissolve it in 5 mL of biology grade water in a different 50 mL conical tube [1-MED]. Combine these two solutions [2-MED], and then use a digital vortex mixer to mix them thoroughly at 2,000 rpm for 15 min [3-MED/CU].
2.2.1. Talent transfers the poly(acrylic acid) to a different 50 mL conical tube, which contains 5 mL of water. 
2.2.2. Talent combines the solutions from the two 50 mL conical tubes.
2.2.3. Talent uses a digital vortex mixer to mix the tubes.
2.3. In a fume hood, transfer 15 mL of a 7.2 M ammonium hydroxide solution to a 50 mL glass beaker [1-MED]. Begin stirring at 500 rpm and at room temperature [3-MED]. Add the cerium (III) nitrate and poly(acrylic acid) mixture dropwise [2-MED]. Cover the beaker with a piece of paper to prevent substantial loss of the solution, and let it stir for 24 hours [4-CU].
2.3.1. Talent, now at a fume hood, transfers an ammonium hydroxide solution to a 50 mL glass beaker.
2.3.2. [bookmark: _Hlk520288250]Talent turns on the stirring. Talent adds the cerium (III) nitrate and poly(acrylic acid) mixture dropwise to the 50 mL glass beaker.
2.3.3. Added shot: Talent adds the cerium (III) nitrate and poly(acrylic acid) mixture dropwise to the 50 mL glass beaker.
2.3.4. Close up of the beaker as a piece of paper is placed on top. Make sure the piece of paper is smaller, so that it doesn’t cast a shadow over the whole shot. Hold on the beaker while the solution continues to stir for the length of the voiceover narration.
2.4. After this, transfer the resulting solution to a 50 mL conical tube [1-MED]. Centrifuge at 3,900 x g for 1 hour to remove any debris or large agglomerates [2-MED].
2.4.1. Talent transfers the solution from the glass beaker to a 50 mL conical tube.
2.4.2. Talent places the 50 mL conical tube in a centrifuge, and then turns the centrifuge on.
2.5. Then, transfer the supernatant into three 15 mL 10 kDa filters [1-MED]. Fill the remainder of each filter with molecular grade water – resulting in a total dilution of 45 mL [2-CU].
2.5.1. Talent transfers the supernatant into three filters.
2.5.2. Close up on the filters (alternatively, just one of the filters) as the talent fills the remaining volume with water.
2.6. Centrifuge at 3,900 x g for 15 minutes [1-MED]. Repeat this process at least six times [2-MED].
2.6.1. Talent place the filters into a centrifuge, and then turns the centrifuge on.
2.6.2. Talent removes the eluent solution from collection tube and tops up the filter to 15 mL again. 
2.7. Using a UV-VIS spectrophotometer [1-MED], measure the absorbance of each eluent from 220 nm to 700 nm to ensure that no free polymers or other reagents are present in the final PNC solution [2-MED].
2.7.1. Talent approaches the spectrophotometer with a sample in hand.
2.7.2. Talent, at the spectrophotometer, measures the absorbance of one of the samples. A second shot can be filmed [MED-over the shoulder] to also show the scan in process and to indicate that another sample is being measured if needed to cover the length of the voiceover.
2.8. Use a 5 mL syringe to take up the collected PNC solution [1-MED]. Next, filter the solution against a 20 nm pore size syringe filter [2-MED] and collect the filtered solution in a 50 mL conical tube [3-MED].
2.8.1. Talent uses a 5 mL syringe to take up the collected PNC solution.
2.8.2. Talent filters the solution against a 20 nm pore size syringe filter.
2.8.3. Talent collects the filtered solution in a 50 mL conical tube.
2.9. Transfer a diluted final PNC solution into a plastic cuvette [1-CU], and measure its absorbance from 220 nm to 700 nm [2-MED].
2.9.1. Talent transfers the diluted final PNC solution into a plastic cuvette.
2.9.2. Talent, at the spectrophotometer, measures the absorbance of the sample.
2.10. Using a particle sizer [1-MED], measure the hydrodynamic diameter of the synthesized PNC [2-MED-over the shoulder]. Then, store the final PNC solution in a refrigerator at 4 C until ready to use.
2.10.1. Talent approaches the particle sizer.
2.10.2. Talent, at a workstation computer, reviews previously obtained data.
2.10.3. Talent transfers the final PNC solution in a refrigerator.
3. Infiltration of Plant Leaves with PNC 
3.1. After labeling the PNC with DiI (pronounce “DEE-eye-eye”) fluorescent dye [1-MED], transfer 0.9 mL of a solution containing 0.5 mM of either the PNC solution or the DiI-PNC solution to a tube [2-MED]. Add 0.1 mL of infiltration buffer, and mix by vortexing [3-MED-TXT]. Prepare a 10 mM TES infiltration buffer as a negative control [4-MED].
3.1.1. Establishing shot of the talent approaching the lab bench with a DiI-labeled sample in hand. TEXT: See text for details on fluorescent dye labeling.
3.1.2. Talent transfers the DiI-PNC solution to a tube.
3.1.3. Talent adds the buffer and gentlely pipetting on the tube. TEXT: See text for buffer compositions. Editor: Keep this text overlay up for 3.1.3 and 3.1.4
3.1.4. Talent prepares a 10 mM TES infiltration buffer. Any step taken while preparing the solution is sufficient for this shot.
3.2. Next, transfer 0.2 mL of the sample and buffer mixture to a 1 mL sterile needle-less syringe [1-MED]. Tap to remove any possible air bubbles [2-CU].
3.2.1. Talent transfers some of the sample into a 1 mL sterile needle-less syringe.
3.2.2. Talent taps the syringe to remove any air bubbles.
3.3. Just before infiltration, retrieve the plant from the growth chamber [1-MED/WIDE]. Using a chlorophyll meter, measure the chlorophyll content in the A. thaliana (pronounce A. Thal-ee-AH-nuh) leaves [2-MED]. Measure each leaf with three replicates as outlined in the text protocol [3-MED].
3.3.1. Talent retrieves the plant from the growth chamber.
3.3.2. Talent, with the chlorophyll meter, measures the chlorophyll in a A. thaliana leaf. 
3.3.3. Talent measures the same leaf again, but in a different spot. Film this shot from a slightly different angle than 3.3.2.
3.4. Choose leaves with similar chlorophyll content [1-MED].  Gently press the tip of the needle-less syringe against the bottom of the leaf lamina [2-CU], and depress the plunger to infiltrate the leaves [3-CU].
3.4.1. Talent chooses/marks leaves.
3.4.2. Close up shot showing the needle-less syringe being pushed against the bottom of the leaf lamina
3.4.3. Close up shot showing the plunger of the needle-less syringe being depressed and the solution entering the leaves.
3.5. Using a delicate task wiper, gently wipe off any excess solution that remains on the surface of the leaf lamina [1-MED/CU-TXT]. Then, label the plant [2-MED].
3.5.1. Talent wipes the excess solution off the plant. TEXT: Use a new wiper for each leaf group.
3.5.2. Talent labels the plant.
3.6. Keep the infiltrated plants on the bench to incubate for 3 hours [1-CU].
3.6.1. Close up shot of the plant as it incubates on the lab bench.
4. Preparation of Leaf Samples for Confocal Microscopy
4.1. First, place a pea-sized amount of observation gel onto a glass slide [1-CU]. Roll the gel and spread it out until it is approximately 2 cm in diameter and 1 mm thick [2-CU].
4.1.1. Close up shot as the talent places a pea-sized amount of observation gel onto a glass slide.
4.1.2. Talent rolls/spreads the gel to form a disc as described.
4.2. Using a cork borer with a diameter of 0.3 cm, cut out a circular section in the center of the gel to create a well [1-CU]. Fill the well completely with PFD – which will provide a deeper and better confocal imaging resolution [2-CU-TXT].
4.2.1. Talent uses a cork borer to take out a circular section in the center of the gel.
4.2.2. Talent fills the cut section (the well) with PFD. TEXT: PFD: Perfluorodecalin
4.3. Then, use a cork borer with a diameter of 0.2 cm to collect leaf discs from the previously infiltrated A. thaliana plants [1-MED/CU]. Mount each leaf disc in a PFD filled well with the infiltrated-side facing up [2-CU].
4.3.1. Talent uses a cork borer to collect a leaf disc from the previously infiltrated A. thaliana plants. Film MED and CU takes of this shot. 
4.3.2. Talent mounts a leaf disc in the PFD filled well. Hold the shot (or film an ECU) showing the mounted disc in greater clarity – showing that the leaf disc is infiltrated-side-up.
4.4. After this, place a square coverslip on top of the leaf disc [1-CU]. Press gently and evenly on the coverslip to seal with the well of observation gel and ensure that no air bubbles remain trapped [2-CU].
4.4.1. Talent places a square coverslip on top of the leaf disc.
4.4.2. Talent presses gently and evenly on the coverslip to seal the well. Hold the shot (or film an ECU) to show the sealed well in greater detail.

5. Imaging PNC in vivo ROS Scavenging by Confocal Microscopy
5.1. To begin, prepare 25 μM of H2DCFDA dye and 10 μM of DHE dye in TES infiltration buffer in separate 1.5 mL microcentrifuge tubes [1-MED]. Using a cork borer with a diameter of 0.2 cm, collect leaf discs from the adapted PNC infiltrated A. thaliana plants [2-MED].
5.1.1. Talent approaches the lab bench and begins to prepare the dyes. Any action taken while preparing either dye can be show here. TEXT: H2DCFDA: 2',7'-dichlorodihydrofluorescein diacetate; DHE: Dihydroethidium
5.1.2. Talent use a cork borer (diameter 0.2 cm) to collect leaf discs from the adapted PNC infiltrated A. thaliana plants.
5.2. Use the sharp tip of forceps to make 3 – 4 holes on each leaf disc to accelerate the dye loading process [1-CU]. Next, load an equal amount of leaf discs into each dye tube [2-MED]. Incubate in darkness for 30 minutes.
5.2.1. Talent use the sharp tip of the forceps to make three to four holes on the leaf discs.
5.2.2. Talent transfers the leaf discs to microcentrifuge tubes with H2DCFDA and DHE separately
5.2.3. Close up shot of the tubes incubating on the bench while wrapped in foil (or however the tubes are kept in darkness).
5.3. After this, rinse the leaf discs with double distilled water three times [1-MED]. Use observation gel to mount each leaf to a glass slide as previously described [2-CU].
5.3.1. Talent rinses the leaf discs with water.
5.3.2. Close up shot of a disc being mounted on a glass slide.
5.4. Load the slide on a confocal microscope [1-MED], and manually focus to a region of leaf mesophyll cells as outlined in the text protocol [2-MED][3-SCOPE].
5.4.1. Talent loads a slide into the microscope.
5.4.2. Talent manually focuses the microscope.
5.4.3. *To be provided by the authors: Microscope shot – Record a movie with the microscope of the described action, which here is manually focusing on a region of leaf mesophyll cells. Authors: Please upload this video to your upload link.
5.5. Then, expose the leaf discs to UV-A laser at 405 nm for 3 minutes to generate ROS [1-MED]. Record the ROS signal intensity change in time-series per leaf disc [2-MED-over the shoulder].
5.5.1. Talent exposes the leaf discs to the UV-A laser.
5.5.2. Talent, at the workstation computer, reviews previously recorded data. 
5.6. Image the leaf disc using a 40X water objective and the confocal microscope settings shown here. Use a plant infiltrated with only infiltration buffer solution as the negative control [1-MED-TXT].
5.6.1. Talent, at the microscope, images the leaf disc. Leave room in the shot for a sizeable text overlay. TEXT: 496 nm laser excitation; PMT1: 500-600 nm (DHE/DCFDA dye detection); PMT2: 700-800 nm (chloroplast detection). 

6. Results: Analysis of Anionic Cerium Oxide Nanoparticles and their ROS Catalytic Scavenging Activity In vivo and In vitro
6.1. After purification, the synthesized PNC is characterized using a UV-VIS spectrophotometer [1-LM] and is seen to have a peak of absorbance at 271 nm [2-LM]. The purification process is confirmed by measuring the final eluent [3-LM].
6.1.1. LAB MEDIA: Newkirk 2018 JoVE Figure 1.pdf – Show only Figure 1B.
6.1.2. LAB MEDIA: Newkirk 2018 JoVE Figure 1.pdf – Still showing only Figure 1B. Visually emphasize the green curve, which represents the final PNC.
6.1.3. LAB MEDIA: Newkirk 2018 JoVE Figure 1.pdf – Still showing only Figure 1B. Visually emphasize the blue data set, which represents the final eluent.
6.2. PNC samples are then labeled with a fluorescent DiI dye to determine the distribution of the nanoparticles in vivo [1-LM]. Three peaks are observed for the DiI labeled PNC, while a measurement [2-LM] of the final eluent confirms that the non-reacted chemicals are washed out during purification [3-LM].
6.2.1. LAB MEDIA: Newkirk 2018 JoVE Figure 2.pdf – Show only Figure 2B.
6.2.2. LAB MEDIA: Newkirk 2018 JoVE Figure 2.pdf – Still showing only Figure 2B. Visually emphasize the green curve, which represents the DiI labeled PNC.
6.2.3. LAB MEDIA: Newkirk 2018 JoVE Figure 2.pdf – Still showing only Figure 2B. Visually emphasize the blue data set, which represents the final eluent.
6.3. The distribution of DiI-PNC in leave mesophyll cells is determined via confocal imaging [1-LM]. While no DiI dye signals are detected in the control samples [2-LM], the DiI-PNC is observed colocalized with chloroplasts in the infiltrated leaves [3-LM].
6.3.1. LAB MEDIA: Newkirk 2018 JoVE Figure 5.pdf – Show only Figures 5C and 5D.
6.3.2. LAB MEDIA: Newkirk 2018 JoVE Figure 5.pdf – Still showing only Figures 5C and 5D. Visually emphasize the images for Figure 5C.
6.3.3. LAB MEDIA: Newkirk 2018 JoVE Figure 5.pdf – Still showing only Figures 5C and 5D. Visually emphasize the images for Figure 5D.
6.4. In vivo ROS scavenging enabled by PNC is monitored in the leaf disc by measuring the fluorescence intensity changes in the DHE and DCF dyes [1-LM]. After 3 minutes of UV stress, the PNC infiltrated leaves show significantly less intensity for both dye types, when compared to the no-nanoparticle buffer control [2-LM].
6.4.1. LAB MEDIA: Newkirk 2018 JoVE Figure 6.pdf
6.4.2. LAB MEDIA: Newkirk 2018 JoVE Figure 6.pdf – Visually emphasize both images in the column with the PNC header, which represent the dye intensity in the PNC samples.
6.5. A CAT mimetic activity assay reveals a decrease in the resorufin level in the mixture containing PNC. This level is indicative of the hydrogen peroxide level, which therefore is also decreasing – and confirms the CAT mimetic activity of the synthesized PNC [1-LM].
6.5.1. LAB MEDIA: Newkirk 2018 JoVE Figure 7.pdf – Visually emphasize the data set for PNC (the white circles) starting at “…a decrease in the resorufin level…”. Hold this emphasis for the entire voiceover narration.

7. Conclusion (said by authors on camera)
7.1. Gregory Newkirk: This protocol for synthesizing nanoceria is a simple step-wise procedure that generates cerium oxide nanoparticles with controlled size, negative charge, and ROS scavenging capabilities.
7.1.1. Gregory Newkirk says the above in an interview style statement, looking slightly off-camera
7.2. Dr. Juan Pablo Giraldo: Plant genetic modifications methods for ROS manipulation in vivo are often limited to plant model species while nanoceria ROS-scavenging has the potential to be applied to diverse wild type plant species both in the laboratory and the field [1-INT].
7.2.1. Dr. Juan Pablo Giraldo says the above in an interview style statement, looking slightly off-camera


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, .eps, 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.  

Insert your media filenames here.
6.1.1. Giraldo_Figure1B.pdf-  absorbance spectrum of PNC measured by UV-VIS spectrophotometry.
6.1.2. Giraldo_Figure1B.pdf-  absorbance spectrum of PNC measured by UV-VIS spectrophotometry.

6.1.3. Giraldo_Figure1B.pdf-  absorbance spectrum of PNC measured by UV-VIS spectrophotometry.

6.2.1. Giraldo_Figure2B.pdf-  absorbance spectrum of DiI-PNC measured by UV-VIS spectrophotometry.

6.2.2. Giraldo_Figure2B.pdf-  absorbance spectrum of DiI-PNC measured by UV-VIS spectrophotometry.

6.2.3. Giraldo_Figure2B.pdf-  absorbance spectrum of DiI-PNC measured by UV-VIS spectrophotometry.

6.3.1. Giraldo_Figure5C.pdf-  chloroplast auto-fluorescence signals in buffer infiltrated leaf samples without nanoparticles (NNP). 

6.3.1. Giraldo_Figure5D.pdf-  DiI-PNC signal and chloroplast auto-fluorescence in DiI-PNC infiltrated leaf samples.

6.3.2. Giraldo_Figure5C.pdf-  chloroplast auto-fluorescence signals in buffer infiltrated leaf samples without nanoparticles (NNP). 

6.3.2. Giraldo_Figure5D.pdf-  DiI-PNC signal and chloroplast auto-fluorescence in DiI-PNC infiltrated leaf samples.

6.3.3. Giraldo_Figure5C.pdf-  chloroplast auto-fluorescence signals in buffer infiltrated leaf samples without nanoparticles (NNP). 

6.3.3. Giraldo_Figure5D.pdf-  DiI-PNC signal and chloroplast auto-fluorescence in DiI-PNC infiltrated leaf samples.

6.4.1. Giraldo_Figure6A.pdf-  DCF fluorescent dye (for monitoring general ROS signal) in mesophyll cells from plants infiltrated with PNC and buffer control (no nanoparticles, NNP).

6.4.1. Giraldo_Figure6B.pdf-  DHE fluorescent dye (for monitoring general ROS signal) in mesophyll cells from plants infiltrated with PNC and buffer control (no nanoparticles, NNP).

6.4.2. Giraldo_ Figure6A.pdf-  DCF fluorescent dye (for monitoring general ROS signal) in mesophyll cells from plants infiltrated with PNC and buffer control (no nanoparticles, NNP).

6.4.2. Giraldo_Figure6B.pdf-  DHE fluorescent dye (for monitoring general ROS signal) in mesophyll cells from plants infiltrated with PNC and buffer control (no nanoparticles, NNP).

6.5.1 Giraldo_Figure7.pdf-  CAT mimetic activity of the synthesized PNC.



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 are included in the email accompanying the finalized script.
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