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A.  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
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.3, 3.5, 3.6, 3.9, 4.2, 5.1 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?   2.3, if the phantom material doesn’t set. This can usually mitigated by ensuring the APS solution is fresh. 5.1, although it is more controllable with this technique, cavitation activity can be sometimes unpredictable, meaning lesion formation can sometimes not occur. This is quite rare, and shouldn’t be a problem.
E.  Will the filming need to take place in multiple locations? No, it all takes place in one lab

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. James McLaughlan: This method can help answer key questions in the high intensity focused ultrasound field, such as can laser/ultrasound nucleated cavitation be used to guide and also enhance HIFU cancer treatments. 
1.2. James McLaughlan: The main advantage of this technique is that through the combination of nanoparticles, HIFU and laser illumination it can overcome the limitations of each of these modalities by themselves.   

B. Optional Interview Statements: N/A
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

D. Ethics title card: N/A 

Protocol: (read by voice talent at JoVE)
2. Tissue Mimicking and Alignment Phantom Manufacture
2.1. Manufacture phantoms to demonstrate the nucleation method. [1-WIDE] Start with deionized, degassed, room temperature water in a glass beaker. [2-MED-TXT] In addition, prepare 40% weight/volume Acrylamide/Bis-acrylamide solution. [3-CU-TXT]
2.1.1. Talent arriving at bench on which is a beaker of water
2.1.2. Talent moving water into position to work with it [TEXT: 148.2 mL filtered water; Beaker: 500 mL]
2.1.3. Container with solution, ideally labeled [TEXT: 75 mL Acrylamide/Bis-acrylamide solution] 
2.2. Add the solution to the water followed by a buffer and ammonium persulfate. [1-MED-TXT] Place the beaker inside a vacuum chamber situated on a magnetic stirrer plate. [2-WIDE] Add a 40 millimeter long PTFE magnetic stirring bar to the beaker and stir at medium speed. Slowly add bovine serum albumin powder. [3-CU-TXT]
2.2.1. Talent adding solution and other items to the water [TEXT: 25 mL of 1 M TRIS buffer, ph 8; 2.15 mL of 10% ammonium persulfate]
2.2.2. Talent at vacuum chamber, putting solution inside
2.2.3. Beaker with solution and stir bar as mixing begins. Then, powder being added [TEXT: 22.5 g bovine serum albumin – BSA] 
2.3. When done, close the vacuum chamber and start the vacuum pump. [1-MED] Maintain the target vacuum and continue stirring for 60 minutes. [2-CU-TXT] Next, release the vacuum and continue working with the solution. [3-MED]
2.3.1. Talent closing the vacuum chamber and starting pump
2.3.2. [bookmark: _GoBack]Solution being stirred in vacuum chamber [TEXT: Vacuum: 80 mBar/H] [TEXT: Stir 60 minutes at 80 mBar/H]
2.3.3. Talent opening the chamber
2.4. Add nanoparticles, for phantoms that require them. For all phantoms, add the catalyst. [1-MED-TXT] After five minutes of mixing, pour the solution into individual molds and wait 20 minutes. [2-MED] This is an example of a phantom that has set and been removed from the mold. It is ready for use in the experiment. [3-CU] Once the phantoms are set, store the demolded phantoms in an airtight container. [4-MED-TXT]
2.4.1. Talent adding nanoparticles then, after a pause, the catalyst [TEXT: 10 µL of 40 nm nanorods (108 np/mL); 125 µL of tetramethylethylenediamine]
2.4.2. Talent pouring solution into molds
2.4.3. Detail of a phantom that has been set and removed from the mold
2.4.4. Talent putting phantoms into airtight container [TEXT: Use within 24 hours]
2.5. To produce an alignment phantom, begin with the phantom solution. [1-MED-TXT] Place the beaker and stir bar in a vacuum chamber on a magnetic stirrer. [2-MED] Begin stirring at medium speed and pump the chamber to the target vacuum. [3-CU-TXT]
2.5.1. Talent with beaker of phantom solution [TEXT: water, acrylamide/bis-acrylamide, buffer, ammonium persulfate]
2.5.2. Talent placing beaker into vacuum chamber
2.5.3. The closed vacuum chamber with evidence of stirring inside [TEXT: Stir 60 minutes at 80 mBar/H]
2.6. After retrieving the solution, pour 25 milliliters into a mold and add the catalyst. [1-MED-TXT] Wait 20 minutes before placing a 1 millimeter spherical metal target in the phantom’s center. [2-CU] Then, pour another 25 milliliters of the phantom solution into the mold. [3-CU] 
2.6.1. Talent pouring solution into mold [TEXT: 62.5 µL of tetramethylethylenediamine]
2.6.2. The mold with set solution, then metal spherical target being placed in it
2.6.3. The mold with target as more solution is poured on top
2.7. Add the catalyst and wait for another 20 minutes. [1-MED-TXT] When set, the alignment phantom is ready for use, or storage in an airtight container. [2-CU]
2.7.1. Talent adding the catalyst [TEXT: 62.5 µL of tetramethylethylenediamine]
2.7.2. The set alignment phantom 
3. Configuring Experimental Apparatus for Both Pulsed and Continuous Wave Studies
3.1. Prepare the setup for the experiment. [1-WIDE] For this, have an acrylic water tank with 4.5 liters of deionized, degassed water. [2-MED] At one end of the tank, place an acoustic absorber. [3-CU] 
3.1.1. Talent at bench with water-filled tank
3.1.2. The filled tank 
3.1.3. Demonstrate the existence and position of the acoustic absorber in the tank. This might be a MED
3.2. Next, turn attention to the high-intensity focused ultrasound transducer. [1-MED] Mount it and its co-aligned broadband hydrophone on a three-axis micrometer stage. [2-CU] Fully submerge the transducer and hydrophone in the tank to face the absorber. [3-MED] 
3.2.1. Talent inspecting/holding the mounted transducer
3.2.2. Detail of the transducer and hydrophone as mounted on the micrometer stage
3.2.3. Talent submerging the assembly
3.3. Connect the transducer to an impedance matching circuit that will allow it to be driven at its third harmonic. [1-LM] This circuit is connected directly to the output of an RF power amplifier, which has a digital function generator as its input. [2-LM] The function generator is programmed remotely. [3-LM] 
3.3.1. LAB MEDIA: Figure1.pptx (Video editor: I would like to build the image in this file. For this shot, have only the symbols labeled “HIFU transducer”, “Broadband detector”, “Acoustic absorber” and the blue region surrounded on three sides with a black border in which they exist. In addition, show the grey line from the crescent shaped “HIFU transducer” to the rectangle labeled “Impedance matching circuit”. The next sentences will introduce the rectangles labeled “Power amplifier”, “Function generator”, “TTL triggering system” and “Control and DAQ computer”. Please decide if it is best to have these present at this point or to add them as they are mentioned.)
3.3.2. LAB MEDIA: Figure1.pptx, continued (Video editor: Please add or highlight the connection from the “Impedance matching circuit” symbol to the “Power amplifier” and, from there, the “Function generator” symbols.)
3.3.3. LAB MEDIA:  Figure1.pptx, continued (Video editor: Please add or highlight the connection between the “Function generator” and the “TTL triggering system” symbols) 
3.4. After calibration, get an alignment phantom to continue setting up. [1-MED-TXT] The phantom should be in a 3-D printed holder and mounted on an automated 3-D stage. [2-CU-TXT] Position the phantom so the magnetic target is at the approximate focal peak of the transducer. [3-MED]
3.4.1. Talent inspecting/getting/holding alignment phantom that is already in holder, possibly on the stage [TEXT: See text protocol for calibration details]
3.4.2. Detail of phantom in holder and on stage [TEXT: For holder, see Physics in Medicine & Biology. Dec 14;63(1):015004 (2017)]
3.4.3. Talent putting target into position. If possible, showing relative position of transducer
3.5. Now, connect the hydrophone directly to the data acquisition card. [1-LM]  Use the transducer and hydrophone to pulse-echo locate the alignment target. [2-MED]
3.5.1. LAB MEDIA:  Figure1.pptx, continued (Video editor: Please add the symbols labeled “3-axis CNC positioning system” and “ANR doped phantom”, along with the black rectangle connecting them. Change the “ANR doped phantom” symbol to a uniformly white box [no “specks”, keep the dashed box] and use the label “Phantom”. Do not add the symbols labeled “5 MHz high-pass filter” and “40 dB pre-amplifier”, but do make the gold line that extends from the symbol labeled “Broadband detector” to the symbol labeled “Control and DAQ computer continuous. It doesn’t have to follow the path in the image.)
3.5.2. Talent performing steps involved with pulse-echo location
3.6. Send a 3 microsecond, 10 cycle burst and view the detected signal in real time on the computer. [1-LM] Adjust the transducer’s micrometer stage to change the time of flight and signal amplitude. [2-MED] The system is aligned once the time of flight is 85 microseconds and the signal amplitude is maximized. [3-LM]
3.6.1. LAB MEDIA: “58045_McLaughlan_el_before” (Authors: Please provide an image of the detected signal before the system is aligned. Please submit this regardless of whether or not you submit video in 3.6.4 below. Use the file name “58045_McLaughlan_el_before”) (Video editor: If the lab media of 3.6.4 is available, it could serve as a replacement for 3.6.1 and 3.6.3.)
3.6.2. Talent adjusting the micrometer stage
3.6.3. LAB MEDIA: “58045_McLaughlan_el_after” (Authors: Please provide an image of the detected signal of the aligned system.  Please submit this regardless of whether or not you submit video in 3.6.4 below. Use the file name “58045_McLaughlan_el_after”)
3.6.4. LAB MEDIA: “58045_McLaughlan_el_alignment” (Authors: If you want to provide a brief video screen capture of the signal as you bring it from unaligned to aligned, please do. Start with the signal of the unaligned system. Once you have aligned the system, make no further actions and keep recording for a few seconds. The clip should be at most 30 seconds. Note that it might be sped up and/or edited.)
3.7. Next, connect the broadband hydrophone directly to a 5 MegaHertz high pass filter. [1-LM] Send the signal through a 40 dB preamplifier and then to a data acquisition card. [2-LM] 
3.7.1. LAB MEDIA:  Figure1.pptx, continued (Video editor: Please remove the gold line added in the previous use of this image.  Add the “5 MHz high-pass filter” symbol and the “40 dB pre-amplifier” symbol and have the gold line connect the “Broadband detector” and “Control and DAQ computer” symbol through them as in the original figure. During this shot, call attention to “5 MHz high-pass filter” symbol)
3.7.2. LAB MEDIA:  Figure1.pptx, continued (Video editor: Please call attention to the symbols labeled “40 dB pre-amplifier” and “Control and DAQ computer” when “40 dB preamplifier” and “data acquisition card” are said, respectively)
3.8. Now, set up laser illumination for the sample. [1-LM] Synchronize a 532 nanometer pulsed laser with the function generator by a TTL digital delay pulse generator.  [2-LM] Use the laser to pump an optical parametric oscillator. [3-LM]  Couple its output into the phantom with a 2 millimeter fiber bundle. [4-LM]
3.8.1. LAB MEDIA:  Figure1.pptx, continued (Video editor: Please add the symbol labeled “532 nm Pump Laser”)
3.8.2. LAB MEDIA:  Figure1.pptx, continued (Video editor: During this sentence, please add the line connecting the symbol labeled “532 nm Pump Laser” to the symbol labeled “TTL triggering system” and call attention to those symbols and the “Function generator” symbol.)
3.8.3. LAB MEDIA:  Figure1.pptx, continued (Video editor: Please add the symbol labeled “Tuneable OPO (680-980 nm)” and the green line connecting it with the “Laser” symbol)
3.8.4. LAB MEDIA:  Figure1.pptx, continued (Video editor: Please add the red lines and shapes, as well as all of the symbols that touch them.)
3.9. At the tank, mount this fiber on a micrometer stage. [1-MED] Position the fiber in front of the phantom at an angle or 45 degrees from the acoustic axis. [2-CU] For alignment, use visible light. Position the beam to have the alignment target at the center of a 15 millimeter laser spot. [3-CU]
3.9.1. Talent at tank, with fiber mounted on micrometer stage
3.9.2. Demonstrate the position and orientation of the fiber
3.9.3. The laser spot as its position is adjusted, ending with the target at the center of the spot
3.10. Finally, position a digital microscope and a white light source on opposite sides of the water tank. [1-WIDE] Mount the microscope on a micrometer stage. [2-CU] Position it to have the alignment target in focus in its field of view. [3-LM]	
3.10.1. Talent working with a digital microscope on one side of the tank. Ideally the shot would also demonstrate the light source is in position.
3.10.2. The microscope on the micrometer stage. This might be a MED
3.10.3. LAB MEDIA:  “58045_McLaughlan_scope” (Authors: Please provide a short video or a still image of the view of the alignment target from the microscope. Use the file name “58045_McLaughlan_scope”.) 
4. Cavitation Threshold Detection from Pulsed High-intensity Focused Ultrasound (HIFU)
4.1. Ensure that the correct phantom is in place. [1-WIDE] In this case, the appropriate tissue phantom replaces the alignment phantom. [2-CU] Tune the laser wavelength to the nanoparticles’ surface plasmon resonance. [3-MED] 
4.1.1. Talent at tank, checking/securing phantom 
4.1.2. The tissue phantom in place in the tank 
4.1.3. Talent working with laser
4.2. At the control computer, set the transducer to produce a 10 cycle burst, and to set the laser fluence. [1-MED-TXT] Target the focal peak of the high-intensity focused ultrasound burst 10 millimeters deep, and at 13 unique locations in the vertical direction, spaced by 5 millimeters. [2-LM]
4.2.1. Talent working at control computer [TEXT: See text protocol for details on scanning and data collection.]
4.2.2. LAB MEDIA: Section4scchematic.png (Video editor: If possible, please convey that the dashed ovals are 10 millimeters behind the boundary of the yellow region during “10 millimeters deep”. Then convey that the ovals are 5 millimeters apart during the rest of the sentence. The yellow region represents the phantom and it may be a good idea to label it.)

5. Thermal Denaturation from Continuous Wave High-intensity Focused Ultrasound Exposures
5.1. Ensure that a tissue phantom is in place in the tank. [1-WIDE] Then, with the software, set the fluence and continuous-wave exposure parameters. [2-MED-TXT]  Use the microscope to record thermal lesion formation as the high-intensity focused ultrasound with a chosen peak negative pressure is directed at one location. [3-LM]
5.1.1. Talent at tank, checking/placing phantom 
5.1.2. Talent working at computer [TEXT: See text protocol for details.]
5.1.3. LAB MEDIA: vid_20170524_R3_NR_839nm_Lon_40PC_160mV.avi OR vid_20170524_R3_PH_839nm_Lon_40PC_160mV.avi (Video editor: Note that the first of these will be shown later. Important to show transition from no-activity  in the frame to activity)
6. Results: Cavitation Detection and Thermal Denaturation with High-intensity Focused Ultrasound Exposure 
6.1. These data are detector voltage versus time for short high-intensity focused ultrasound exposure for different phantoms under different conditions. [1-LM-TXT] In these data sets, the phantoms were also exposed to laser illumination, however, one phantom did not have nanorods and one phantom did. [2-LM]
6.1.1. [bookmark: __DdeLink__776_1476550902]LAB MEDIA: Fig2a.pdf, Fig2b.pdf, Fig2c.pdf [TEXT: Laser fluence: 2.1 mJ/cm2; peak negative pressure: 3.0 MPa] (Video editor: Please show these in order, left to right as named. Note that Fig2a-c.pdf has the three in order.) 
6.1.2. LAB MEDIA:  Fig2a.pdf, Fig2b.pdf (Video editor: Please bring these two images forward or focus on them in some way. Call attention to “Fig2a” during “one phantom did not have nanorods” and change focus to “Fig2b” during “and one phantom did.”)
6.2. In these data sets, both phantoms had nanorods, but one was exposed to laser illumination and the other phantom was not.  [1-LM] This demonstrates that broadband emissions are detected only when nanoparticles, ultrasound exposure, and laser illumination are all present. [2-LM]
6.2.1. LAB MEDIA:  Fig2b.pdf, Fig2c.pdf (Video editor: Please have these images in the foreground. Call attention to “Fig2b” during “one was exposed to laser illumination”. Change the focus to “Fig2c” during “and the other phantom was not.”)
6.2.2. LAB MEDIA:  Fig2a.pdf, Fig2b.pdf, Fig2c.pdf (Video editor: This should be similar to shot 6.1.1, but call attention to “Fig2b”)
6.3. This microscope video provides an example of the formation of thermal lesions in a gel phantom with nanorods exposed to high-intensity focused ultrasound and laser illumination. The peak negative pressure was 2.53 MegaPascals. The laser fluence was 3.4 milliJoules per square centimeter. [1-LM]
6.3.1. [bookmark: __DdeLink__669_1725663505]LAB MEDIA: vid_20170524_R3_NR_839nm_Lon_40PC_160mV.avi (Video editor: Ideally the entire video would be shown. The last two sentences are not critical)

7. Conclusion (said by authors on camera)
7.1. James McLaughlan: While attempting this procedure, it’s important to remember to wear suitable personal protective equipment when handling chemicals and ensure correct eye protection is used when using the laser. 
7.2. James McLaughlan: After its development, this technique paved the way for researchers in the field of high-intensity focused ultrasound therapy to explore using molecular-targeted nanoparticles to enhance cancer treatments through targeted and fast thermal ablations.
   

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.


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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