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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Software: Does your protocol include detailed, step-by-step instructions involving computer-controlled instrumentation or other software? (Y/N) N
[bookmark: BackToQues]C.  Procedure Highlights: Of the steps to be filmed, which will viewers benefit most from seeing? Please list 4-6 steps from this script by their step numbers (e.g. 2.1).
Steps 2.2, 2.5, 3.3, 3.8, 3.9
D.  Critical Steps: What is the single most difficult aspect of this procedure? Please list 1-2 steps from this script and briefly describe how you ensure success.
Steps 2.5, 3.3 Please ensure the accurate concentration of DA and Ag[(NH3)2]+, and the reaction time. 
E.  Filming: Will filming need to take place in multiple locations? (Y/N) N


[bookmark: Introduction][bookmark: _Hlk513362273]1. Introduction (Opening Author Interviews)
[bookmark: IntroStatements]A.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Risheng Wang: This method can help answer key questions about effective surface functionalization of nanodiamonds, which have broad applications in material science and biomedicine.
1.2. Shuo Han: Though this method can be used for nanodiamonds, it can also be applied to other materials, such as metal nanoparticles, magnetic nanoparticles, or surfaces that need an active biopolymer coating.
B.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)
1.3. Risheng Wang: In this method, nanodiamonds are functionalized with a coating of polydopamine, a universal adhesive. The thickness of the PDA layer is well-controlled by varying the concentration of dopamine.
Note to video editor: Shuo Han is affiliated with the Department of Chemistry at Missouri University of Science and Technology.

[bookmark: Protocol]Protocol (Spoken by voice talent at JoVE.)
2. Synthesis of a Polymerized Dopamine (Polydopamine) Layer on the Surface of Nanodiamonds (PDA-NDs)
2.1. To begin, dissolve 60.58 g of tris-HCl (triss H-C-L (/trɪs/)) powder in 250 mL of deionized water. [1-MED-TXT] Transfer the solution to a 500-mL volumetric (vawl-yu-meh-trik /ˌvɒl jʊˈmɛ trɪk/) flask, fill the flask to the line with deionized water, [2-MED] and mix it to obtain a 1 M tris-HCl buffer. [3-MED-Over shoulder]
2.1.1. Talent adds 250 mL of DIH2O to pre-measured tris-HCl and starts the mixture stirring. (TEXT: Tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCl))
2.1.2. With the tris-HCl now having completely dissolved in the water, talent pours the buffer into a volumetric flask.
2.1.3. With the volumetric flask now full, talent pours the solution into another labeled flask.
2.2. From this stock solution, prepare 20 mL of 0.01 M tris-HCl buffer by serial dilution. [1-MED] While monitoring the buffer with a pH meter, adjust the pH to 8.5 using 1 M hydrochloric acid. [2-MED-Over shoulder]
2.2.1. With the first dilution (to 0.1 M) already having been prepared, talent transfers 2 mL of 0.1 M tris-HCl buffer to a container and then adds DIH2O to dilute it to 20 mL.
2.2.2. With a pH meter probe already in the 0.01 M solution, talent slowly adds 1 M HCl to the tris buffer while watching the pH reading on the pH meter.
2.3. Next, dilute 0.02 mL of a 1 mg/mL suspension of 100-nm (one-hundred-nanometer) monocrystalline (mon-oh-kris-tuh-lin /ˌmɒn əˈkrɪs tə lən/) nanodiamonds to 1 mL with the pH 8.5 tris buffer. [1-MED] Stir the mixture for 10 minutes to obtain a 0.02 mg/mL nanodiamond suspension. [2-CU]
2.3.1. Talent transfers 0.02 mL of the ND suspension to a vial and then dilutes the suspension to 1 mL with the tris buffer.
2.3.2. Talent places a magnetic stir bar in the vial and starts stirring the mixture on a stir plate.
2.4. Then, dissolve 20 mg of dopamine (doh-puh-mean /ˈdoʊ pəˌmiːn/) hydrochloride in 2 mL of pH 8.5 tris buffer by vortexing for 30 seconds to obtain a buffered 10 mg/mL dopamine hydrochloride solution. [1-MED-TXT]
2.4.1. Talent draws up 2 mL of tris buffer, adds it to 20 mg of DA-HCl, closes the vial/tube, and vortexes it. (TEXT: Use dopamine solution within 15 minutes of making it.)
2.5. Add 5, 7.5, or 10 µL of the freshly-prepared dopamine solution to the nanodiamond solution [1-MED-Over shoulder] depending on whether a final dopamine hydrochloride concentration of 50, 75, or 100 µg/mL is desired. [2-CU]
2.5.1. Talent draws up the needed volume of the dopamine solution.
2.5.2. Talent adds the dopamine solution to the nanodiamond solution.
2.6. After adjusting the reaction volume, vigorously stir the mixture at 25 °C for 12 hours in the dark. [2-MED-Over shoulder]
2.6.1. Talent draws up the DA-ND solution, transfers it to a 10-mL test tube that already contains a stir bar, and closes the tube. 
2.6.2. With the test tube now covered in foil, talent secures the tube over a stir plate and turns up the stirring speed to be as fast as possible.
2.7. Then, transfer the suspension of polydopamine-coated (paul-ee-doh-puh-mean /ˌpɒl iːˈdoʊ pə miːn/) nanodiamonds to a 1.5-mL centrifuge tube and centrifuge it at 16,000 x g for 2 hours. [1-MED-Over shoulder]
2.7.1. Talent places a tube of PDA-NDs in an already-balanced centrifuge, closes the centrifuge, and starts it at 16,000 x g.
2.8. Remove the supernatant (soo-per-ney-tnt /ˌsuː pərˈneɪ tənt/) and wash the nanodiamonds three times with 1-mL portions of deionized water at 16,000 x g for 1 hour each time. [1-MED-TXT]
2.8.1. Talent removes the supernatant from a tube of PDA-NDs that has already been centrifuged for two hours and then adds DIH2O to the tube. (TEXT: Wash 3x with 1 mL DIH2O at 16,000 x g for 1 h)
2.9. [bookmark: _Hlk490839222]Then, add 200 µL of deionized water to the washed solids [1-CU] and sonicate (sahn-ih-kate /ˈsɒn ɪ keɪt/) the mixture for 30 seconds to re-disperse the polydopamine-coated nanodiamonds. [2-MED]
2.9.1. Talent adds 200 µL of DIH2O to a tube of washed PDA-NDs.
2.9.2. Talent places/holds the tube of PDA-NDs in a sonicator and starts sonication.
3. Reduction of Silver Nanoparticles on the Surface of PDA-NDs (AgNPs-PDA-NDs)
3.1. Serially dilute 40 µL of a suspension of polydopamine-coated nanodiamonds twice with deionized water. [1-MED-TXT] Then, dissolve 100 mg of silver nitrate (ny-trait /ˈnaɪ treɪt/) in 10 mL of deionized water by vortexing. [2-MED-Over shoulder]
3.1.1. Talent transfers 40 µL of the PDA-ND dispersion to another tube/vial and dilutes it. (TEXT: Dilute 2x PDA-NDs with 15-nm-thick PDA coating)
3.1.2. Talent adds 10 mL of DIH2O to 100 mg of AgNO3, closes the vial/tube, and vortexes it.
3.2. In a fume hood, add 1 M aqueous (ey-kwee-us /ˈeɪ kwiː əs/) ammonia to the silver nitrate solution dropwise [1-MED-Over shoulder] until a yellow precipitate (preh-sip-ih-tit /prəˈsɪp ɪ tɪt/) forms, periodically shaking the solution. [2-CU] Continue adding ammonia until the precipitate disappears to obtain a solution of diamminesilver (dye-am-meen-sill-ver /daɪˌæm miːnˈsɪl vər/) hydroxide. [3-MED]
3.2.1. Talent starts adding NH3·H2O dropwise to the AgNO3 solution.
3.2.2. 5-6 seconds of footage of the yellow precipitate in the solution while talent continues adding NH3·H2O.
3.2.3. With the yellow precipitate visible in the solution, talent continues adding NH3·H2O until the yellow precipitate disappears.
3.3. Immediately add either 4.3 or 6.4 µL of the diamminesilver solution to 40 µL of the diluted nanodiamond dispersion (dis-per-zhun /dɪsˈpɜːr ʒən/ (zh like vision)) for a final concentration of 0.4 or 0.6 mg/mL, respectively. [1-CU-TXT]
3.3.1. Talent draws up the needed amount of the Ag[(NH3)2]OH solution and adds it to the PDA-ND dispersion. (The zoom level should be wide enough to show both the container of the Ag[(NH3)2]OH solution and the container of the PDA-ND dispersion.) (TEXT: For 0.40 mg/mL or 0.60 mg/mL Ag[(NH3)2]OH in 100 µL)
Authors: As it can take a few minutes to set up between shots, please note that you may want to prepare a second batch of the Ag[(NH3)2]OH solution after filming 3.2.1-3.2.3 so that you have a fresh solution to use in 3.3.1.
3.4. After this, adjust the volume to 100 µL with deionized water. [2-CU]
3.4.1. Talent draws up the reaction mixture and transfers it to a 1.5-mL centrifuge tube. 
3.4.2. Talent adds DIH2O to bring the reaction solution volume up to 100 µL.
3.5. Sonicate the mixture for 10 minutes. [1-MED] Then, centrifuge the dispersion for 15 minutes at 16,000 x g to remove free silver ions. [2-MED-Over shoulder]
3.5.1. Talent places the tube containing the reaction mixture in a sonicator and starts sonication for 10 minutes.
3.5.2. Talent places the tube of the now-sonicated reaction mixture in an already-balanced centrifuge, closes the centrifuge, and starts it for 15 minutes at 16,000 x g.
3.6. Discard the supernatant and [1-CU] wash the silver-nanoparticle-decorated polydopamine-coated nanodiamonds by centrifuging them three times in 100-µL portions of deionized water at 16,000 x g for 5 minutes each time. [2-MED-TXT]
3.6.1. Talent removes the supernatant from the centrifuged sample.
3.6.2. Talent adds 100 µL of DIH2O to the tube, closes the tube, places it in the already-balanced centrifuge, closes the centrifuge, and starts it. (TEXT: Wash 3x with 100 µL DIH2O at 16,000 x g for 5 min)
3.7. [bookmark: _Hlk490839186]Add 100 µL of deionized water to the silver-nanoparticle-decorated nanodiamonds and re-disperse them by sonication (sahn-ih-kay-shun /ˌsɒn ɪˈkeɪ ʃən/) for 30 seconds. [1-MED] Characterize the nanodiamonds with UV-vis (U-V viz /vɪz/) spectroscopy (spek-tross-kuh-pee /ˌspɛkˈtrɒs kə piː/) scanning from 250 to 550 nm. [2-MED]
3.7.1. Talent adds 100 µL of DIH2O to the washed AgNPs-PDA-NDs, closes the tube, places/holds the tube in the sonicator, and starts sonication.
3.7.2. Talent transfers a sample of AgNPs-PDA-NDs to a quartz cuvette and closes the cuvette.
3.8. Next, deposit 5 µL of the silver-nanoparticle-decorated nanodiamonds on plasma-cleaned carbon-coated copper grids and let them sit for 3 minutes. [1-MED] Then, wick away excess solution with filter paper. [2-CU]
3.8.1. Talent applies 5 µL of AgNPs-PDA-NDs to two plasma-cleaned copper grids on a parafilm-wrapped glass slide and then waits for a few seconds (as though letting the drops sit for 5 minutes).
3.8.2. Talent wicks away the solution from each grid with filter paper.
3.9. Wash each grid three times by applying a drop of deionized water, letting it sit for 15 seconds, [1-MED] and then wicking it away with filter paper. [2-CU] Let the grids air-dry before visualizing the samples with transmission electron microscopy (my-cross-kuh-pee /maɪˈkrɒs kə piː/). [3-WIDE]
3.9.1. Talent applies a drop of DIH2O to a grid and waits for a few seconds (as though letting it sit for 15 seconds).
3.9.2. Talent wicks away the drop of water from the grid.
3.9.3. With the grids now having dried in air, talent picks up the slide holding the grids and carries it away (using a carrier, if applicable) as though about to bring the samples to the TEM instrument.
4. Results: Characterization of PDA-NDs and AgNPs-PDA-NDs
4.1. The uncoated nanodiamonds tended to form microclusters and aggregates (agg-ruh-gits /ˈæg rə gɪts/), [1-LM] while polydopamine-coated nanodiamonds formed good dispersions. [2-LM] Higher dopamine concentrations resulted in the formation of thicker polydopamine layers on the nanodiamond surfaces. [3-LM]
4.1.1. Figure 1A, no inset (Figure 1A.tif): Video editor: Caption 1A as ‘0 mg/mL dopamine’. Please show this caption whenever Figure 1A is shown (4.1.1, 4.2.1-4.2.5).
4.1.2. Figures 1B, 1C, and 1D, no insets (Figure 1B.tif, Figure 1C.tif, Figure 1D.tif): Video editor: Caption 1B as ‘50 µg/mL dopamine’, 1C as ‘75 µg/mL dopamine’, and 1D as ‘100 µg/mL dopamine’. Please retain these captions while Figures 1B, 1C, and 1D are shown (4.1.2-4.2.5).
4.1.3. Figures 1B, 1C, and 1D, no insets: Video editor: Emphasize 1B, 1C, and 1D in turn, one by one, to emphasize that the outer layer indicated by the green arrows and lines becomes thicker as the dopamine concentration increases.
4.2. The uncoated nanodiamond dispersion was clear and colorless. [1-LM] Upon coating the nanodiamonds with a 5-nm-thick polydopamine layer, [2-LM] the dispersion appeared cloudy and brown. [3-LM] The dispersion appearance became progressively darker [4-LM] with thicker polydopamine coatings. [5-LM]
4.2.1. Figure 1 with insets (Figure 1A.tif, Figure 1B.tif, Figure 1C.tif, Figure 1D.tif; Figure 1A-inset.jpg, Figure 1B-inset.jpg, Figure 1C-inset.jpg, Figure 1D-inset.jpg): Video editor: Emphasize 1A and further emphasize the 1A inset (showing a cuvette containing the colorless dispersion).
4.2.2. Figure 1 with insets (Figure 1A.tif, Figure 1B.tif, Figure 1C.tif, Figure 1D.tif; Figure 1A-inset.jpg, Figure 1B-inset.jpg, Figure 1C-inset.jpg, Figure 1D-inset.jpg): Video editor: Emphasize 1B.
4.2.3. Figure 1 with insets (Figure 1A.tif, Figure 1B.tif, Figure 1C.tif, Figure 1D.tif; Figure 1A-inset.jpg, Figure 1B-inset.jpg, Figure 1C-inset.jpg, Figure 1D-inset.jpg): Video editor: While still emphasizing 1B, further emphasize the 1B inset (showing a cuvette containing the cloudy brown dispersion).
4.2.4. Figure 1 with insets (Figure 1A.tif, Figure 1B.tif, Figure 1C.tif, Figure 1D.tif; Figure 1A-inset.jpg, Figure 1B-inset.jpg, Figure 1C-inset.jpg, Figure 1D-inset.jpg): Video editor: Emphasize 1C and further emphasize the 1C inset (showing a yet darker dispersion).
4.2.5. Figure 1 with insets (Figure 1A.tif, Figure 1B.tif, Figure 1C.tif, Figure 1D.tif; Figure 1A-inset.jpg, Figure 1B-inset.jpg, Figure 1C-inset.jpg, Figure 1D-inset.jpg): Video editor: Emphasize 1D and further emphasize the 1D inset (showing a very dark, near-opaque dispersion).
4.3. The reduction of diamminesilver on nanodiamonds coated with a 15-nm-thick polydopamine layer was most successful when the diamminesilver hydroxide concentration was 0.4 to 0.6 mg/mL. [1-LM] The nanodiamonds formed at lower concentrations were too small to be studied effectively. [2-LM]
4.3.1. Figure 4 (Figure 4.tif): Video editor: On “when…”, highlight the line of blue squares and the line of red dots in the graph (showing the data from the 0.40 mg/mL and the 0.60 mg/mL solutions, respectively).
4.3.2. Figure 4 (Figure 4.tif): Video editor: Highlight the line of green triangles and the line of purple triangles (showing the data from concentrations at which the nanodiamonds were formed but were too small to study).
4.4. The maximum absorbance (ab-zor-bence /æbˈzɔːr bəns/) values indicated that the nanoparticles formed from the 0.4 and 0.6 mg/mL solutions had diameters of [1-LM] roughly 20 [2-LM] and 30 nm, respectively. [3-LM]
4.4.1. Figure 4, 0.40 mg/mL and 0.60 mg/mL only (Fig 4 (film).tif): Video editor: Place a vertical line on the graph from the horizontal (x) axis to the line of blue squares at about x = 410 and a vertical line on the graph from the x-axis to the line of red dots at about x = 430.
4.4.2. Figure 4, 0.40 mg/mL and 0.60 mg/mL only (Fig 4 (film).tif): Video editor: Add ‘~20 nm’ next to the legend entry for the 0.40 mg/mL solution (blue square).
4.4.3. Figure 4, 0.40 mg/mL and 0.60 mg/mL only (Fig 4 (film).tif): Video editor: Also add ‘~30 nm’ next to the legend entry for the 0.60 mg/mL solution (red dot).
4.5. TEM (T-E-M) showed that [1-LM] the silver nanoparticles generated from the 0.4 mg/mL diamminesilver solution were about 24 nm wide, [2-LM] while the nanoparticles generated from the 0.6 mg/mL solution were about 28 nm wide. [3-LM]
4.5.1. Figure 2 (Figure 2A.tif and Figure 2B.tif): Video editor: Caption 2A with ‘0.40 mg/mL Ag[(NH3)2]OH’ and 2B with ‘0.60 mg/mL Ag[(NH3)2]OH’. Please retain these captions throughout showing Figure 2 (4.5.1-4.6.1).
4.5.2. Figure 2 (Figure 2A.tif and Figure 2B.tif): Video editor: Emphasize 2A and add one or two arrows pointing to representative dark grey spots attached to the medium-grey central spot in each of the three images in 2A. (The dark grey spots are the silver nanoparticles, and the medium-grey spot is the nanodiamond on which the attached nanoparticles grew.)
4.5.3. Figure 2 (Figure 2A.tif and Figure 2B.tif): Video editor: Emphasize 2B and add one or two arrows pointing to representative dark grey spots in each of the three images in 2B.
4.6. The number of nanoparticles on the nanodiamond surfaces was also greater at the higher diamminesilver concentration. [1-LM]
4.6.1. Figure 2 (Figure 2A.tif and Figure 2B.tif): Video editor: Emphasize the leftmost image in 2A and the leftmost image in 2B (to show the difference in the number of nanoparticles attached to the respective nanodiamonds).
5. Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. [bookmark: _Hlk513366547]Risheng Wang: After using this procedure, well-dispersed nanodiamonds with controllable PDA thickness were formed. This technique paves the way for researchers to explore nanodiamond applications for catalysts, biosensors, and nanocarriers.
5.2. Risheng Wang: Without using any additional reducing agents, the PDA-assisted metallization process can induce the formation of silver nanoparticles upon the reduction of metal precursors and immobilize them on a PDA-coated surface.
5.3. Risheng Wang: In addition, the PDA layers contain open functional groups, which can be further utilized to conjugate thiol/amine-modified biomolecules.
[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. For example:

5.2 – 01234_PIname_Figure1.tif – dual color imaging of tumor angiogenesis at 40X
5.3 – 01234_PIname_Figure2.tif – dual color imaging of tumor angiogenesis at 100X

Minimum dimensions: 720 x 480 pixels
Minimum resolution: 300 dpi

Preferred image formats: .pdf, .tiff, .png, .eps, .ai, .psd
Preferred movie formats: .mov, .mp4, .avi

.mov or .mp4 files are strongly preferred for screen capture footage. Vector or layer-compatible formats (.svg, .ai, .eps, .pdf, .psd) are strongly preferred for complex figures and graphs.

To generate a vector (.pdf) file from a graph prepared in Excel or similar software, first, move the graph to its own sheet and click the tab to view the graph. Use ‘Save As’ to save this sheet as a standard .pdf.

Upload each file to your project folder: https://www.jove.com/account/file-uploader?src=17829738

Please list the provided files below and specify the step or steps where the files will be used. If a file is not based on an existing figure, please provide a short description.

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

[bookmark: GeneralPrep]GENERAL PREPARATION
It is critical for a smooth and organized shoot that your samples, reagents, instruments, glassware, and software are ready to go. This ensures that filming can quickly move from step to step.

Reagents, samples, and solutions should be prepared or collected and labeled before we arrive. Tubes, glassware, and plates should be clean, dry, and neatly labeled. 

Each shot will take about five minutes, as it takes a few minutes to set up between shots. You may need to prepare duplicate samples if a step that must be performed quickly is shown with more than one shot.

The filming process will be like a cooking show: if a step takes more than 5-10 minutes, you will continue the demonstration with the pre-made product of that step. Therefore, if your procedure has long incubation, reaction, heating, or calculation times, please prepare the products of those steps before we arrive. Please notify your script editor if the product of a long step is too unstable to be prepared in advance.

Individual shots may be filmed out of order to allow a longer process to finish. If your procedure has a long delay in the middle that cannot be skipped or continued from the previous step using a pre-made product, you may need to perform the process up through the delay in advance and film the second half of the process first. Please clearly mark any steps or specific shots that you wish to film out of order.

Please contact your script editor or see JoVE’s FAQ if you have general questions about filming. For detailed preparation instructions, please see the email that accompanied this script.
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