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                   Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
If Yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured video files to your project page as soon as possible.
Videographer: Please film the screen for all SCREEN shots as a backup.
3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 


4. Filming location: Will the filming need to take place in multiple locations?   No.
 


Current Protocol Length

Number of Steps:  13
Number of Shots:  30

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. [bookmark: _Hlk70942121][bookmark: _Hlk68602354][bookmark: _Hlk68602412]Sofie Snipstad: This protocol can be used to characterize the response of fluorescently labeled microbubbles designed for ultrasound-triggered drug delivery applications. That includes their activation mechanisms as well as their bioeffects.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.5.3 for “fluorescently-labeled microbubbles” and 4.5.1 for “ultrasound-triggered drug delivery”.


1.2. Michel Versluis: The key lies in the combination of imaging techniques, which allows us to unravel the multiscale problem of drug delivery with bubbles, both at different spatial scales and time scales.

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


OPTIONAL: 
1.3. Charlotte Nawijn: Here, we study the behavior of microbubbles for local drug delivery in tumors. It provides valuable insight for a range of therapeutic applications using microbubbles, such as cancer immunotherapy.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.3.1 for “delivery in tumors”.



Ethics Title Card
1.4. Procedures involving animal subjects have been approved by the Norwegian Animal Research Authorities.


Protocol
2. Imaging by Brightfield Microscopy

2.1. For single-bubble imaging by brightfield microscopy, dilute the microbubble solution in filtered PBS [1-TXT] and use a 1-milliliter syringe equipped with a 19-gauge needle to inject the sample into one outlet of the sample holder until the holder is full without creating air bubbles [2]. 
2.1.1. WIDE: Talent adding PBS to the microbubble suspension. TEXT: See text for microbubble solution preparation details
2.1.2. Talent injecting the sample into the sample holder.

2.2. Close both valves of the sample holder [1] and place the sample holder perpendicular to the optical axis of the microscope [2].
2.2.1. Talent closing both valves of the sample holder.
2.2.2. Talent placing the sample. 

2.3. [bookmark: _Hlk65698352]Before sample analysis, set the desired ultrasound driving frequency and acoustic pressure on the arbitrary waveform generator [1-TXT] and, starting with the field of view at one corner of the sample holder, use the XYZ stage to move the holder [2] to locate single microbubbles in the field of view of the microscope [3]. Videographer: Please film the screen for all SCREEN shots as a backup.
2.3.1. SCREEN: To be provided by authors: Parameters being set. TEXT: See text for ultrasound setting details
2.3.2. Talent moving the sample holder.
2.3.3. SCREEN: To be provided by authors: Single microbubbles in focus with clearly visible edges

2.4. Then attach an optical fiber connected to a water bath to a strobe light [1] and start the recording [2].
2.4.1. Talent removing optical fiber from halogen light and attaching it to a strobe light. 
2.4.2. SCREEN:  To be provided by authors: Recording being started/images being recorded.

2.5. Repeat the imaging as many times as desired per ultrasound setting, moving the sample holder at least 2 millimeters to a field of view containing un-sonicated microbubbles for each analysis [1].
2.5.1. Talent changing the ultrasound settings/moving the sample holder.

3. Imaging by Fluorescence Microscopy

3.1. For fluorescence microscopic imaging of the microbubbles, after diluting the microbubble solution in PBS as demonstrated [1], set the desired ultrasound driving frequency and acoustic pressure on the arbitrary waveform generator [2] and set the trigger delay for the laser on the pulse-delay generator for fluorescence excitation of the nanoparticles from the microbubbles [3]. 
3.1.1. WIDE: Talent diluting solution.
3.1.2. SCREEN: To be provided by authors: Parameters being set.
3.1.3. Talent selecting settings on the pulse generator. 

3.2. Then use the XYZ-stage to move the sample holder to locate single microbubbles [1] and trigger the recording [2]. Repeat the imaging as desired by altering the ultrasound settings and moving the sample holder to the new field of view, as demonstrated [3]. 
3.2.1. Talent moving sample holder.
3.2.2. SCREEN: To be provided by authors: Single microbubbles coming into focus with clearly visible edges.
3.2.3. Talent changing settings/moving the sample holder.

4. Imaging Protocol by Intravital Microscopy

4.1. For imaging by intravital microscopy, first position a heated animal holder on the XY-positioning stage between the waveguide and the objective [1] and add coupling gel to the waveguide [2-TXT].  
4.1.1. Talent moving the heated animal holder with the help of XY- stage.
4.1.2. Talent adding coupling gel. TEXT: See text for full acoustical system setup details

4.2. Insert a tail vein catheter into the tail vein of an anesthetized, tumor-bearing mouse [1-TXT] and place the mouse, fitted with a window chamber, into the heated holder [2]. Add a water droplet to the coverslip [3]. Videographer: This step is important!
4.2.1. Talent inserting a tail vein catheter in an anesthetized mouse. Videographer: More Talent than the mouse in shot TEXT: See text for full mouse preparation details. 
4.2.2. Talent placing the mouse in the heated holder. Videographer: More Talent than the mouse in shot
4.2.3. Talent adding a water droplet on top of the coverslip.

4.3. To visualize the tumor tissue vasculature, intravenously inject 30 microliters of 4 milligrams per milliliter fluorescently labeled 2-megadalton dextran into the tail vein catheter [1] and use the XY-translation stage to move the mouse until a field of view with suitable blood vessels can be located [2]. Videographer: This step is important!
4.3.1. Talent injecting the animal with dextran. 
4.3.2. SCREEN: To be provided by authors Blood vessels being located/coming into focus. 

4.4. Adjust the frame rate, field of view, and length of the recording according to the parameters of the experiment and record baseline images of the vessels [1-TXT].
4.4.1. SCREEN: To be provided by authors: Parameters being set, then an image being recorded TEXT: See text for suggested imaging parameter details

4.5. When the baseline images have been acquired, set the ultrasound driving frequency, pulse length, and acoustic pressure amplitude on the arbitrary waveform generator [1-TXT] and intravenously inject 50 microliters of microbubble sample into the tail vein [2-TXT]. Then image the vasculature as demonstrated [3]. Videographer: This step is important!
4.5.1. Talent setting parameters on the waveform generator. TEXT: See text for parameter settings details
4.5.2. Talent injecting microbubbles into an animal. TEXT: 2-5 × 108 microbubbles/mL
4.5.3. SCREEN: To be provided by authors Images recorded.
4.6. 


Results
5. Results:  In-Vitro and In-Vivo Behavior of Insonified Microbubble

5.1. Analysis of the microbubbles by confocal fluorescence microscopy [1] reveals a non-uniform particle distribution of the microbubble shell [2]. The overall structure of the microbubbles can be further visualized by scanning electron microscopy [3].
5.1.1. [bookmark: _Hlk65766480]LAB MEDIA: Figure 6A.
5.1.2. LAB MEDIA: Figure 6A. Video Editor: Emphasize bright green dots.
5.1.3. LAB MEDIA: Figure 6B.

5.2. Analysis of the radial dynamics and phenomenological behavior of insonified microbubble by brightfield microscopy [1] allows evaluation of the relative change in the microbubble radius over time [2].
5.2.1. LAB MEDIA: Figure 7 images.
5.2.2. LAB MEDIA: Figure 7 graph. Video Editor: Emphasize blue dotted data line.

5.3. Here an image sequence of a typical successful delivery of fluorescently labeled nanoparticles is shown [1]. The nanoparticles embedded in the microbubble shell can be observed to fluoresce when the laser light reaches the bubble [2]. 
5.3.1. LAB MEDIA: Figure 8A. 
5.3.2. LAB MEDIA: Figure 8A. Video Editor: Emphasize nanoparticles in 22, 50, and 160-microsecond images

5.4. As observed in this unsuccessful delivery [1], however, the fluorescent nanoparticles light upon the shell of the microbubble, which remains intact during the ultrasound exposure [2].
5.4.1. LAB MEDIA: Figure 8B.
5.4.2. LAB MEDIA: Figure 8B. Video Editor: Emphasize bring ring in 22, 50, and 160 microsecond images 

5.5. Intravital multiphoton imaging can be used to determine the spatial and temporal extravasation of the nanoparticles during ultrasound exposure [1], which can be beneficial for understanding and optimizing the mechanisms underlying ultrasound-mediated nanoparticle delivery [2].
5.5.1. LAB MEDIA: Figure 9. Video Editor: Emphasize Figure 9A.
5.5.2. LAB MEDIA: Figure 9. Video Editor: Emphasize on red dots in Figure 9B.

























Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Charlotte Nawijn: The multiscale nature of the setup dictates that the optical and acoustical pathways are perfectly aligned within the activation zone, providing us with a comprehensive insight into ultrasound-triggered drug delivery.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1 for “optical and acoustical pathways”.


6.2. Sofie Snipstad: All answers provided by our multiscale experiments will now be translated to clinical practice. In the end, personalized precision therapy with nanomedicines will benefit millions of patients across the world. 

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