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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y_______  

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.) _2.2, 2.3,5.6, 5.7, 5.8______________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) _____Beam alignment: 5.7. Patience is key for success__________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) __N____  
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. Jerome Lacroix: This method can help answer key questions in mechanobiology, such as how biological samples respond to mechanical forces produced by low-intensity ultrasound stimulation. 
1.2. Jerome Lacroix: The main advantage of this technique is that it allows experimentalist to non-invasively apply mechanical forces to a sample and measure various biological parameters in real time. 

Protocol: (read by voice talent at JoVE) 
2. Growing Cells on Acoustically-Transparent Polyester Film 

2.1. To begin, slowly drill a 12 mm hole at the bottom of a standard 35 mm culture dish using a vertical press-drill.[1-MED-TXT] Once drilled, remove pieces of plastic attached to the bottom of the dish using a blade to create a smooth surface on the external side. [2-CU]
2.1.1. Talent drills hole in culture dish (TEXT: Caution: Wear Eye Protection)
2.1.2. Talent cleans the bottom surface of the plate following drilling.
2.2. Next, apply a thin layer of marine-grade epoxy or glue at the external bottom surface of the dish.[1-CU] On top of the adhesive, place a 2.5 µm thick film of polyester, pressing firmly to make sure the adhesive spreads evenly between the film and the thick plastic surface. [2-CU]
2.2.1. Talent applies adhesive to the bottom layer of the dish

2.2.2. Talent places film over the adhesive and firmly presses it into place
2.3. Gently pull the film in a centrifugal manner with fingers to create a flat surface.[1-CU]
2.3.1. *Film as written

2.4. Once the adhesive has dried, briefly rinse the polyester-bottom dish with 95% ethanol. [1-MED] Then, UV sterilize the dish by placing it under a strong 254 nm UV excitation source. Adjust duration and intensity to deliver a UV dose of approximately 330 mJ/cm2. [2-MED]
2.4.1. Talent rinses the dish with ethanol

2.4.2. Talent places the plate under a UV source and turns it on
2.5. Next, dilute a commercially available extracellular matrix protein mixture with a desired culture medium at a ratio of 1:100. [1-MED Over the Shoulder] Work on ice to prevent matrix polymerization and quickly apply 100 µL of the medium mixture onto the polyester film. [2-CU]
2.5.1. Talent works in sterile environment preparing matrix mixture
2.5.2. Talent pulls tube from ice and pipettes mixture onto the film.
2.6. Place the lid back on the dish to maintain sterility. [1-CU] Once covered, incubate the matrix-coated polyester bottom dishes in a cell culture CO2 buffered incubator at 37°C for 6 to 12 hours. [2-MED]
2.6.1. Talent covers the dish
2.6.2. Talent places the matrix covered dish in the incubator
2.7. After incubation, aspirate the excess medium and directly seed the surface with cells at the desired density.[1-MED Over the Shoulder]
2.7.1. Talent adds cells to the matrix surface

3. LIPUS Implementation and Oblique Acoustic Excitation 

3.1. Place a water tank underneath the objective of an upright microscope. [1-MED Over the Shoulder] 
3.1.1. *Film as written (Editor: The authors wanted the wording changed to “A water tank should be placed underneath…”. This is not an imperative statement and does not follow our style guidelines so I have not accepted the change)
3.4.
Using non-corrosive, commercially available optomechanical components, make sure that the transducer in an oblique position with respect to the optical path. This will ensure that any reflected waves will be directed away from the sample.[1-CU]

3.4.1.
*Film as written

3.2. Then, using commercially-available optomechanical components, position the sample holder between the objective and the transducer.   [1-CU]
3.2.1. Talent places the sample holder and transducer holder into position

3.3. Make sure that the moving parts and actuators of the translation stages are either outside the tank or above the water line to avoid water damage. [1-MED] Then, fill the tank with deionized and degassed water up to the horizontal plane of the sample holder before utilizing the immersion transducer. [2-CU]
3.3.1. Talent sets up the translation stage
3.3.2. Talent adds the last bit of water up to the sample holder with the shot focusing on the sample holder
3.4.  [1-CU]
3.4.1. *Film as written (Author Comment: Section 3.4 should be combined with section 3.2 and placed at the beginning of section 3.2. The shot 3.4.1 should be moved before 3.2.1) (Editor: I’ve moved it where it was requested, but did not combine it. I have maintained the original shotlist numbering)
4. Driving the Transducer 

4.1. Adjust the frequency of the function generator to the nominal peak frequency of the transducer. [1-MED Over the Shoulder] Then, create a sinusoidal voltage pulse of the desired duration and repetition frequency using the burst mode of the function generator. [2-CU]
4.1.1. Talent adjusts the frequency as described

4.1.2. Talent adjusts the function generator to create a sinusoidal voltage pulse as described
4.2. Next, adjust peak-to-peak voltage to a desired value. Make sure that the pulse duration is shorter than the elapsed time between two consecutive pulses. [1-CU]
4.2.1. *Film as written

4.3. Connect the output of the function generator to the input of an oscilloscope. [1-CU] Use the oscilloscope to confirm that the waveform corresponds to the desired signal. [2-MED Over the Shoulder]
4.3.1. Talent connects the function generator and oscilloscope.

4.3.2. Talent views the waveform on the oscilloscope
4.4. Then, connect the output of the function generator to the input of a power of a properly sized RF amplifier. [1-CU]  
4.4.1. *Film as written
5. Beam Alignment and Determination of Ultrasound Pulse Pressure and Intensity

5.1. Using a hydrophone probe that operates with a frequency range and acoustic intensity compatible with that of the ultrasound transducer,[1-MED] carefully bring the probe’s tip into focus within the objective’s field of view at the position of the sample. [2-SCREEN]
5.1.1. Talent begins to position the bath
5.1.2. Screen capture video showing the probe’s tip come into focus in the objectives FOV. (Authors: Please submit this screen capture video as “58781_Lacroix_5_1_2.mov/mp4 to your upload page.)
5.2. Make sure that both probe and transducer are immersed in the water bath and perform a gross pre-alignment of the transducer by visually positioning its acoustic axis toward the hydrophone probe. [1-MED] Makes sure that the distance between the two correspond to the transducer’s focal length. [2-CU]
5.2.1. Talent visually positions the devices
5.2.2. Talent fine tunes the positioning
5.3. Jerome Lacroix: “Do not bump the tip of the hydrophone with any physical object other than water as this will alter its coating and affect the measurement.”[1-INT]
5.3.1. Author says the above statement interview style

5.4. Next, connect the hydrophone output to one of the oscilloscope’s signal input.[1-CU] Then, connect the synchronization trigger from the function generator to another oscilloscope input. [2-CU] Visualize both signals simultaneously on the oscilloscope. [3-MED Over the Shoulder]
5.4.1. *Film as written

5.4.2. *Film as written
5.4.3. Talent looks at signals on the oscilloscope
5.5. Next, drive the transducer with few ultrasound cycles at a low duty cycle and low amplitude to avoid damaging the probe. Check with the hydrophone’s manufacturer safe operation conditions to avoid damaging the hydrophone tip.[1-MED over the Shoulder]
5.5.1. Talent works at the ultrasound interface to drive the transducer.

(Author Comment: Shots from sections 5.6 and 5.7 should be switched: shots 5.6.1 and 5.6.2 should be 5.7.1 and 5.7.2, respectively. Shots 5.7.1 and 5.7.2 should be 5.6.1 and 5.6.2, respectively. The voice part should not be changed, only the shots.)

(Editor: I’m unsure of how things were slated. However, I’ve swapped the shots as the authors requested, keeping the original shotlist numbering)
5.6. Adjust the s-division knob according to the travel time of the ultrasound from the transducer’s surface to the hydrophone.[1-MED Over the Shoulder] Look for a hydrophone signal on the oscilloscope after the synchronization trigger. [2-CU]
5.6.1. Talent adjusts the s-division knob as described

5.6.2. Oscilloscope as the hydrophone signal appears following the sync trigger

5.7.1.
Talent positions the transducer

5.7.2.
Output showing the signal reaching a maximum

5.7. Next, slowly actuate the transducer using a motorized or manual XYZ stage. [1-CU] Position the transducer in the position that correlates with the maximal hydrophone signal. [2-CU]
5.7.1. Talent positions the transducer

5.7.2. Output showing the signal reaching a maximum

5.6.1.
Talent adjusts the s-division knob as described

5.6.2.
Oscilloscope as the hydrophone signal appears following the sync trigger

5.8. With the beam now aligned, measure the peak-to-peak amplitude of the hydrophone output at the oscilloscope for various voltages driving the transducer. Make sure not to exceed the pressure limit of the hydrophone.  [1-MED Over the Shoulder]
5.8.1. *Film as written

6. Calcium-Sensitive/LIPUS Live-Cell Fluorescence Imaging

6.1. Replace the cell’s culture medium with a desired imaging buffer containing 5 µM of a cell-permeant calcium-sensitive dye such as Fluo-4 AM.[1-MED Over the Shoulder] Then, incubate the culture dish in a CO2 buffered incubator at 37°C for 1 hour. [2-MED]
6.1.1. Talent replaces the cell media

6.1.2. Talent places the dish in the incubator
6.2. Following incubation, carefully wash cells with the same buffer free of dye. [1-CU] Then, place the dish in the sample holder. [2-MED]
6.2.1. Talent adds buffer to the dish

6.2.2. Talent places the dish on the sample holder
6.3. Excite the cells using blue light illumination at 490 nm. [1-CU] Adjust excitation intensity and camera exposure to avoid excessive bleaching or pixel saturation. [2-SCREEN]
6.3.1. Sample being illuminated with 490 nm

6.3.2. Screen capture video as talent adjusts the exposure and intensity. (Authors: Please submit this screen capture video as “58781_Lacroix_6_3_2.mov/mp4 to your upload page.)
6.4. Perform time-lapse imaging using an immersion objective with a long working distance for better image quality and to reduce undesired reflections.[1-SCREEN]
6.4.1. Screen capture video as talent sets the parameters and begins time-lapse imaging. (Authors: Please submit this screen capture video as “58781_Lacroix_6_4_1.mov/mp4 to your upload page.)
7. Results: LIPUS-induced Calcium Signals in Human Glioblastoma Cells A-172 
7.1. Here, glioblastoma cells are shown on extracellular matrix coated polyester film in standard culture medium.  These cells have been incubated with a calcium-sensitive fluorescent reporter. In this image, the red dots represent individual fluorescent cells identified using an image processing software. [1-LM]
7.1.1. Figure 5a

7.2. Upon stimulation for 10 seconds with ultrasound, robust calcium elevations were visualized in many regions of interest.[1-LM]
7.2.1. Figure 5c (Video Editor: Highlight the region of the graph between the dotted blue lines with the words “Upon stimulation for 10 seconds with ultrasound”)

7.3. The number of activated regions of interest are shown here, over time.  Following the 10 second activation with ultrasound, approximately 70% of the regions were found to be above user-defined threshold values. [1-LM]
7.3.1. Figure 5d (Video Editor: Highlight the region between 20 and 30 seconds during the words “Following the 10 second activation with ultrasound”.)

8. Conclusion (said by authors on camera) 
8.1. Jerome Lacroix: While attempting this procedure, it’s important to remember to align the ultrasound beam before doing fluorescence measurement. 
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.

5.1 - 58781_Lacroix_5.1.2.mp4 - Positioning the hydrophone tip into focus
6.3 - 58781_Lacroix_6_3_2.mp4 - Adjusting exposure length and light intensity
6.4 - 58781_Lacroix_6_4_1.mp4 - Adjusting acquisition parameters and start recordings
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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