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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Yu Gao: This protocol holds great promise for improving both the nanomedicine delivery and the anticancer efficacies of nanoparticles in cancer treatment [1].

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

REQUIRED: 

1.2. Yu Gao: This technique synergizes magnetic, acoustic, and optical responsiveness into one nanotherapeutic platform for the controlled and targeted delivery of nanomedicine and facilitates the combination of photothermal and magnetic hyperthermia therapy [1].

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

Introduction of Demonstrator on Camera

1.3. Yu Gao: Demonstrating the procedure will be Siyu Wang, a Magnetic-, Acoustic-, and Optical-Triple-Responsive Microbubbles for Magnetic Hyperthermia and Photothermal Combination Cancer Therapy fellow from my laboratory [1][2].

1.3.1. INTERVIEW: Author saying the above
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera
1.4. 

Protocol
2. Nanoparticle Shelled Microbubble (NSM) Synthesis

2.1. For nanoparticle shelled microbubble formation, uniformly disperse magnetic iron oxide nanoparticles in deionized water to generate a 10 milligram/milliliter stock solution [1] and load the nanoparticle solution into an ultrasonic cleaning machine for 20 minutes [2].

2.1.1. WIDE: Talent adding nanoparticles to water
2.1.2. Talent loading tube into machine

2.2. [bookmark: OLE_LINK29]At the end of the sonication, add 150 microliters of deionized water, 150 microliters of 10-millimolar sodium dodecyl sulfate, and 400 microliters of the sonicated iron oxide nanoparticle solution to a 1.5-milliliter centrifuge tube [1].

2.2.1. Talent adding water, SDS, and/or NPs to tube, with SDS and NP containers visible in frame Videographer: Important step  

2.3. [bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Next, fix a homogenizer with a scaffold in an ice bath [1] and place the nanoparticle solution into the ice bath [2].

2.3.1. Talent fixing scaffold Videographer: Important step  
2.3.2. Talent placing solution into bath Videographer: Important step  

2.4. Immerse the homogenizer probe in the nanoparticle solution [1] and homogenize the suspension for 3 minutes at 20,000 revolutions per minute [2].

2.4.1. Probe being placed Videographer: Important/difficult step  
2.4.2. Solution being homogenized Videographer: Important/difficult step  

2.5. At the end of the homogenization, allow the solution to stabilize for 12 hours at room temperature [1] before placing the tube into a magnetic holder to adsorb the nanoparticle-shelled microbubbles to the tube wall [2].

2.5.1. Talent placing tube at RT
2.5.2. Talent placing tube onto magnet

2.6. Replace the supernatant with 1 milliliter of fresh, deionized water three times to wash the nanoparticle-shelled microbubbles [1].

2.6.1. Talent adding water to tube

2.7. After the last wash, slightly shake the tube [1] and transfer 10 microliters of the nanoparticle-shelled microbubbles onto a clean glass slide [2].

2.7.1. Talent shaking tube
2.7.2. Talent adding microbubbles to slide

2.8. [bookmark: OLE_LINK8][bookmark: OLE_LINK9]Use a fluorescence microscope and a 20x magnification to image the nanoparticle-shelled microbubbles [1].

2.8.1. Talent placing slide onto microscope stage

2.9. After imaging, open the image in the microscope software [1] and use the Ruler to set a red line with the same length as the ruler [2].

2.9.1. Talent opening image, with monitor visible in frame
2.9.2. SCREEN: Screebshot_1: 00:07-00:12 

2.10. Click Set and Scale to enter the length of the ruler and draw lines of the same lengths as the diameters of at least 200 individual microbubbles [1].

2.10.1. SCREEN: Screebshot_1: 00:12-00:25 Video Editor: can speed up

2.11. Then click Report and View Report [1].

2.11.1. SCREEN: Screebshot_1: 00:29-00:36

3. NSM Acoustic Response

3.1. [bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK12][bookmark: OLE_LINK53][bookmark: OLE_LINK54]To measure the acoustic response of the microbubbles, dilute 200 microliters of the nanoparticle shelled microbubbles in 800 microliters of deionized water in a 1.5-milliliter tube [1] and connect the function generator, amplifier, impedance matching, and homemade focused transducer [2].

3.1.1. WIDE: Talent adding water and/or NPs to tube, with NP container visible in frame
3.1.2. Talent connecting device(s)

3.2. [bookmark: OLE_LINK35][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Place the transducer in the center of the bottom of the artificial cuboid sink [1] and connect the hydrophone with an oscilloscope to monitor the output ultrasound intensity [2].

3.2.1. Talent placing transducer into sink
3.2.2. Talent connecting hydrophone w/ oscilloscope

3.3. Add enough deionized water to submerge the transducer [1] and adjust the function generator to the sweep mode [2].

3.3.1. Talent adding water to sink
3.3.2. Talent adjusting function generator

3.4. Tune the frequency range from 10 to 900 kilohertz [1] and set the amplitude to 20 voltage peak-peak [2].

3.4.1. Talent tuning frequency
3.4.2. Talent setting amplitude to 20 VPP

3.5. Use the amplifier to adjust the power of the ultrasound to 0.1% and the cycle duration to 4 seconds with a 1-second time interval [1].

3.5.1. Talent adjusting power and cycle duration 

3.6. Place the tube of nanoparticles into the scaffold on the top of the homemade focused transducer [1] and attach the magnet to the bottom of the tube [2].

3.6.1. Talent placing tube into scaffold
3.6.2. Talent attaching magnet to tube 

3.7. Turn on the function generator and the amplifier power [1].

3.7.1. Talent turning on generator and/or amplifier

3.8. After five, 25-second ultrasound cycles, switch off the function generator [1] and remove the magnet [2].

3.8.1. Talent switching off generator Videographer: Important step  
3.8.2. Talent removing magnet Videographer: Important step  

3.9. Then replace the nanoparticle solution with 1 milliliter of deionized water [1] and repeat the ultrasound treatment [2].

3.9.1. Talent adding water to tube
3.9.2. Tube being ultrasound

4. Laser System Preparation

4.1. To set up the laser for optical treatment of the microbubbles, first turn on the laser power supply [1].

4.1.1. WIDE: Talent turning on power supply

4.2. [bookmark: OLE_LINK42]After several minutes, fix a fiber-coupled 808-nanometer laser diode onto a retort stand [1] and use an optical fiber to direct the laser beam to the sample stage [2].

4.2.1. Talent fixing diode onto stand
4.2.2. Talent using fiber to direct beam to sample stage

4.3. [bookmark: OLE_LINK22][bookmark: OLE_LINK23]Use a convex lens to focus on the sample stage to achieve a 6-millimeter-diameter light spot [1] and measure the power output with a laser power meter [2].

4.3.1. Talent using lens to achieve light spot
4.3.2. Talent using laser power meter to measure power output

4.4. Then adjust the power to 1 watt/square-centimeter [2].

4.4.1. Talent adjusting powering

5. Photothermal Measurement 

5.1. To perform a photothermal measurement, prepare 1 milliliter volumes of different concentrations of the iron oxide nanoparticles in individual 1.5-milliliter centrifuge tubes [1-TXT] and place the first tube at the focused region of the laser beam [2].

5.1.1. WIDE: Talent adding NPS to tube(s) Videographer/Video Editor: shot will be used again TEXT: e.g., 1.05 mg/mL, 1.35 mg/mL, 3.65 mg/mL, 5 mg/mL, control: 20 °C H2O
5.1.2. Talent placing tube in focus region of beam

5.2. Record the baseline temperature of the sample [1] and turn on the laser and infrared thermal imaging camera [2].

5.2.1. Shot of temp OR Talent recording baseline temperature 
5.2.2. Talent turning on laser and/or camera  

5.3. Irradiate the sample continuously for 10 minutes while recording the temperature in real time [1].

5.3.1. Shot of temperature reading Videographer: Important step  

5.4. [bookmark: OLE_LINK5]Then turn off the laser and the camera [1] and wait for the temperature of the region to return to the baseline before measuring the other sample concentrations in the same manner [2].

5.4.1. Talent turning off laser and/or camera
5.4.2. Talent switching tubes 

6. Magnetic Hyperthermia Measurement

6.1. For a magnetic hyperthermia measurement in an aqueous solution, prepare different iron oxide nanoparticle dilutions as demonstrated [1] and place one dilution in the center of a water-cooled magnetic induction copper coil [2].

6.1.1. WIDE: Use 5.1.1. Talent adding NPs to tube(s)
6.1.2. Talent placing tube into coil

6.2. Turn on the alternating magnetic field and the infrared thermal imaging camera [1], and continuously induce the sample for 10 minutes while recording the temperature in real time [2].

6.2.1. Talent turning on AFM and/or camera Videographer: Important step  
6.2.2. Sample being induced and/or temperature being recorded Videographer: Important step  

6.3. At the end of the treatment, turn off the alternating magnetic field and the camera [1].

6.3.1. Talent turning off AFM and/or camera

6.4. [bookmark: OLE_LINK49][bookmark: OLE_LINK50]When the temperature of the copper coil has returned to baseline, measure the next sample [1-TXT].

6.4.1. Talent replacing tube TEXT: Caution: Avoid direct coil contact with hands and wait ≥10 min for cooling
 


Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
2.2.-2.4., 3.8., 5.3., 6.2.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4. During the whole protocol, the synthesis steps of NSMs play an important role, which is the most difficult aspects of the protocol. In order to prepare the NSMs successfully, the solution of iron oxide nanoparticles must be sonicated for 20 min before use to ensure the even dispersion of iron oxide nanoparticles in the water. When the agitation was performed, the homogenizer probe must be immersed in the solution completely.



Results
7. Results: Representative NSM Characterization

7.1. Nanoparticle shelled microbubbles typically demonstrate a spherical shape [1] with an average diameter of about 5.41 micrometers [2].

7.1.1. LAB MEDIA: Figures 1A and 1B Video Editor: please outline at least one nanoparticle
7.1.2. LAB MEDIA: Figures 1A and 1B Video Editor: please emphasize peak of curve/highest data bar

7.2. Although the microbubbles remain intact for up to a year [1], a stepwise release of iron can be achieved by increasing the number of ultrasound cycles [2].

7.2.1. LAB MEDIA: Figure 1D
7.2.2. LAB MEDIA: Figure 1D Video Editor: please emphasize data line

7.3. Iron oxide nanoparticle-mediated photothermal measurement in aqueous solution [1] reveals a rapid increase in iron oxide nanoparticle temperature overtime [2], with a 30-degree Celsius temperature increase achieved upon 10 minutes of exposure to near infrared laser light at a 5 milligram/milliliter-iron concentration [3].

7.3.1. LAB MEDIA: Figure 2
7.3.2. LAB MEDIA: Figure 2 Video Editor: please stretch arrow across top of images and bottom of graph to indicate time increase
7.3.3. LAB MEDIA: Figure 2 Video Editor: please emphasize 9 min: 5 mg/mL image and 10 min:5 mg/mL data point

7.4. Compared to the control group [1], no differences in morphology or live cell number are observed when breast cancer cell line cells are incubated with a high concentration of iron [2], suggesting a good bioavailability of the iron oxide nanoparticles [3].

7.4.1. LAB MEDIA: Figures 3A and 3C Video Editor: please emphasize Control image and Control data bar
7.4.2. LAB MEDIA: Figures 3A and 3C Video Editor: please emphasize 5 mg/mL image and 5 mg/mL data bar
7.4.3. LAB MEDIA: Figures 3A and 3C

7.5. Upon irradiation, the nanoparticle-treated cancer cells became rounded in shape [1] and demonstrate a decreased viability, indicating apoptosis [2].

7.5.1. LAB MEDIA: Figures 3A and 3C Video Editor: please emphasize +NIR images 
7.5.2. LAB MEDIA: Figures 3A and 3C Video Editor: please emphasize +NIR data bars

7.6. Five minutes after irradiation, the temperature of the gelatin injection area rapidly increases by about 20 degrees Celsius [1].

7.6.1. LAB MEDIA: Figure 4 Video Editor: please emphasize images from 5-9 min and data line from 5-9 min

7.7. When exposed to alternating magnetic field therapy, thermal imaging of different concentrations of iron oxide nanoparticle [1] reveals an alternating magnetic field response characteristic of nanoparticle-shelled microbubbles [2].

7.7.1. LAB MEDIA: Figure 5 Video Editor: please sequentially emphasize image rows for 1.025 mg/mL to 5 mg/mL
7.7.2. LAB MEDIA: Figure 5 Video Editor: please sequentially emphasize data lines from 1.025 mg/mL to 5 mg/mL

7.8. Further, whole animal imaging of mice exposed to alternating magnetic field therapy [1] reveals significant, rapid temperature changes within the area of interest [2].

7.8.1. LAB MEDIA: Figure 6 Video Editor: please emphasize images
7.8.2. LAB MEDIA: Figure 6 Video Editor: please emphasize data line


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Siyu Wang: During the nanoparticle solution agitation, make sure that the homogenizer probe remains completely immersed within the solution [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.4.) 

8.2. Siyu Wang: This protocol can also achieve the on-demand release and improve the penetration of IONPs into tumor tissues to address the challenges of nanomedicine delivery in cancer treatment [1].

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