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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes.
Can you record movies/images using your own microscope camera? (Y/N) Yes.
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Our lab currently has the camera listed at the following link, which we use for taking videos of our microscopy experiments:
https://www.thorlabs.com/thorProduct.cfm?partNumber=DCC1645C
The make and the model of our microscope is listed here:
VWR® Inverted Fluorescence Microscope- Catalog Number: 89404-464
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
The steps following steps are the most important for the viewers to see:
Steps: 2.2, 2.3, 4.3, 4.5, 4.7, 4.8.
4. 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. 
The single most difficult aspect of this procedure is the alignment of the capillary tube with the fiber optic cable as referenced in step 4.7.
5. Will the filming need to take place in multiple locations? (Y/N) Yes.
If yes, how far apart are the locations? 
The filming will take place in non-adjoined labs, across the hall from one-another.

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)

1.1. Joel Lusk: Current clinical ovarian cancer detection measures are non-specific and lack point-of-care detection of CTCs. Our PAFC system enables testing patient samples for specific ovarian cancer marker, in the blood stream [1].

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

1.2. Joel Lusk: This procedure provides a unique platform technology with improvements over the current techniques in terms of simplicity, low cost, promising limits of detection, and ability to be applied to broad applications [1].

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

OPTIONAL Interview Statements: (Said by you on camera)

1.3. Dr. Barbara Smith: Through this work, we aim to build off of our targeted nanoparticle system for ovarian cancer to test ex-vivo patient samples for CTCs [1].

1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. Dr. Barbara Smith: This highly versatile PAFC system is able to be expanded for clinical use, testing the presence of a wide range of biomarkers in the blood [1].

1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 

1.5. Joel Lusk:  Proper optical alignment is critical for detection of targets within the PAFC. Furthermore, to ensure proper acoustic coupling make sure there are no bubbles between the glass slide and transducer [1].

1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.   

1.6. Dr. Barbara Smith: Because of the custom nature of the flow system and its components, visualization of the method is beneficial for accurate reproduction [1].

1.6.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.7. Barbara Smith: Demonstrating the procedure will be Christopher Miranda, a Ph. D. Candidate from my laboratory [1] [2].

1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.





Section - Protocol
2. Nanoparticle synthesis and functionalization
2.1. In a ventilated chemical fume hood [1], filter approximately 300 milliliters of deionized water through a sterile 0.2 micrometer filter [2]. 
2.1.1. Establishing shot of the talent approaching the chemical fume hood.
2.1.2. Talent filters deionized water through a filter.
2.2. Add 0.0134 grams of copper chloride and 100 milliliters of deionized water to a clean 250 milliliter round bottom flask to create a 1 millimolar copper chloride solution [1]. Add 0.015 grams of folic acid to the flask [2] and use a magnetic stir bar to mix the solution for approximately 5 minutes [3].
Videographer: This is one of the most important steps for viewers to see.
2.2.1. Talent adds copper chloride and deionized water to the round bottom flask.
2.2.2. Talent adds folic acid to the flask.
2.2.3.  Talent turns the stirring on to mix the solution. (Author Comment: Alternate shot: 2.3.3A) (Editor: I’m unsure if the author meant 2.2.3A but made a typo)
2.3. Then, mix 0.024 grams of sodium sulfide nonahydrate with 100 microliters of deionized water [1]. Use a 200 microliter pipette to slowly add this solution to the reaction mixture over a duration of approximately 10 seconds [2].
Videographer: This is one of the most important steps for viewers to see.
2.3.1. Talent mixes sodium sulfide nonahydrate with deionized water. [Shots 2.3.1 and 2.3.2 combined]
2.3.2. Talent uses a pipette to slowly add the sodium sulfide nonahydrate solution to the reaction mixture.
2.4. Cap the reaction vessel [1]. Place the vessel in an oil bath set to 90 degrees Celsius and continue stirring [2]. After approximately 15 minutes, or when the oil bath has reached a temperature range between 85 and 90 degrees Celsius, allow the reaction to proceed for an additional hour [3-TXT].
2.4.1. Talent caps the reaction vessel. (Author Comment: This shot includes venting of vessel)
2.4.2. Talent places the vessel into an oil bath.
2.4.3. Close up shot of the solution as it continues to stir and be heated. Alternatively, film the talent, near the stirring solution, as they set a timer for 1 hour. TEXT: Vent the system while heating to avoid pressure buildup.
2.5. When the reaction is complete, remove the reaction vessel from the oil bath [1] and let it cool at room temperature for 10 – 15 minutes [2] before transferring it to an ice bath [3]. Once the reaction has cooled, adjust the pH to approximately 10 using 1 molar sodium hydroxide [2.5.4]. 
2.5.1. Talent removes the reaction vessel from the oil bath.
2.5.2. Talent sets the reaction vessel aside to cool at room temperature.
2.5.3. Talent places the reaction vessel into an ice bath.
2.5.4. [Added Shot]: Talent adds sodium hydroxide to the reaction mixture to adjust the pH to approximately 10.
2.6. Add the mixture to a 30 kilodalton centrifugation column in 15 milliliter batches [1] and centrifuge at 3,082 x g for 15 minutes to purify the reaction mixture [2].
2.6.1. Talent adds the mixture to a centrifugation column.
2.6.2. Talent places the column into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3. FA-CuS NPS uptake by ovarian cancer cells 
3.1. First, mix the folic acid-capped copper sulfide nanoparticles at the proper concentration in fresh RPMI media [1]. Add this nanoparticle solution to each well of the prepared 24-well plate that contains of SKOV-3 cells at a concentration of 400 micrograms per milliliter [2-TXT]. Incubate at 37 degrees Celsius with 5 percent carbon dioxide for 2 hours [3].
3.1.1. Talent mixes the nanoparticles with fresh RPMI media.
3.1.2. Talent adds the nanoparticles to each well of a 24-well plate that contains SKOV cells. TEXT: See text for details on preparing and seeding cells.
3.1.3. Talent sets the plate aside to incubate at room temperature.
3.2. After this, trypsinize the cells with 0.5 milliliters of 0.25 percent trypsin in EDTA [1]. To neutralize the trypsin, add at least 1 milliliter of folic-acid-free RPMI-1640 complete growth media [2] and centrifuge the cells at 123 x g for 6 minutes [3].
3.2.1. Talent adds a 0.25% trypsin solution to the wells of the plate.
3.2.2. Talent adds folic-acid-free RPMI-1640 complete growth media to the wells of the plate.
3.2.3. Talent places the  centrifuge tube into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.3. To wash the cells, remove the supernatant [1] resuspend the cells in 2 milliliters of PBS [2], and centrifuge at 123 x g for 6 minutes [3]. Repeat this wash step twice to remove any unbound nanoparticles [4].
3.3.1. Talent removes the supernatant from the centrifuge tube.
3.3.2. Talent resuspends the cells in PBS. (Author Comment: Use last shot of resuspension to show a gentler resuspension of cells in PBS.)
3.3.3. Talent places the centrifuge tube into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
3.3.4. Talent removes the supernatant from the wells of the plate and resuspends the cells in PBS.
3.4. Then, resuspend the cells with 1 – 2 milliliters of a 2 percent Tween solution in PBS [1]. Count the cells using a hemocytometer and trypan blue [2]. Dilute the cells in a solution of 2 percent Tween in PBS to the chosen concentration for detection [3].
3.4.1. Talent resuspends the cells with 2% Tween in PBS.
3.4.2. Talent, at a microscope, counts the cells.
3.4.3. Talent dilutes the cells with 2% Tween in PBS.

4. Flow system architecture 
4.1. Use the provided three-dimensional STL file to 3D print the flow tank with either ABS thermoplastic or PLA plastic [1-TXT]. After printing the tank, clean and assemble the system for use [2]. Place glass coverslips over the 1 millimeter by 3 millimeter slot and the 1 centimeter hole in the flow system [3] and carefully seal with silicone to prevent leakage [4].
4.1.1. Close up shot of the flow tank being 3D printed. TEXT: See text for details on STL file; See text for flow tank dimensions.
4.1.2. Talent cleans and assembles the system. Any action in this process can be filmed for this shot.
4.1.3. Talent places glass coverslips over the 1 mm x 3 mm slot and over the 1 cm hole. [Shots 4.1.3 and 4.1.4 combined]
4.1.4. Talent seals the coverslips with silicone.
4.2. Next, fit the capillary tube into the silicone cured tubes [1]. Insert the tubes into the flow chamber through the side of the flow tank such that the glass capillary tube is directly above and in front of the 3 millimeter slot and the 1 centimeter hole [2]. Seal the tubing with silicone [3].
4.2.1. Talent fits the capillary tube into the silicone cured tubes.
4.2.2. Talent inserts the tubes into the flow chamber through the side of the flow tank such that the glass capillary tube is directly above and in front of the 3 mm slot and 1 cm hole.
4.2.3. Talent seals the tubing with silicone.
4.3. Then, connect the transducer to an ultrasound pulser and receiver [1]. Amplify the signal with a 59 decibel gain [2].
Videographer: This is one of the most important steps for viewers to see.
4.3.1. Talent connects the transducer to an ultrasound pulser/receiver.
4.3.2. Talent amplifies the signal with a 59 dB gain.
4.4. Connect the output of the filter to a multipurpose reconfigurable oscilloscope equipped with a built-in field programmable gate array [1]. Connect one of the tubes coming from the flow chamber to a T-junction that is connected to two syringe pumps at each branch [2].
4.4.1. Talent connects the output of the filter to a multipurpose reconfigurable oscilloscope equipped with a built-in field programmable gate array.
4.4.2. Talent connects of the tubes coming from the flow chamber to a T-junction that is connected to two syringe pumps at each branch.
4.5. Fill one of the syringe pumps with air [1] and the other pump with the sample to be analyzed [2]. Set the pump containing air to a flow rate of 40 microliters per minute, and set the pump containing the sample to a flow rate of 20 microliters per minute [3-TXT].
Videographer: This is one of the most important steps for viewers to see.
4.5.1. Talent fills one of the syringe pumps with air.
4.5.2. Talent fills the other syringe pump with the sample to be analyzed.
4.5.3. Talent sets the pump flow rates. TEXT: Set up produces approximately 1 μL sample volumes.
4.6. Next, connect the remaining tube exiting the flow system to a container of 10 percent bleach to dispose of cells after they exit the flow system [1].
4.6.1. Talent connects the remaining tube exiting the flow system to a container of bleach.
4.7. Place the section of the quartz capillary tube in direct alignment with the transducer, in the field view of the microscope [1], to allow for careful placement of the optical fiber above the sample such that it illuminates the entire width of the tube [2].
Videographer: This is one of the most important steps for viewers to see, and one of the most difficult in the procedure.
4.7.1. Talent places the section of the quartz capillary tube in direct alignment with the transducer, in the field view of the microscope. (Author Comment: Use take 4.7.1A)
4.7.2. Talent places the optical fiber above the sample such that it illuminates the entire width of the tube.
4.8. Irradiate the sample using an optical fiber channeling a diode-pumped solid-state laser operating at a wavelength of 1,053 nanometers [1-TXT]. [2].
Videographer: This is one of the most important steps for viewers to see.
4.8.1. [bookmark: _GoBack]Talent irradiates the sample using the optical fiber. TEXT: Energy of laser incident: 8 mJ; Laser rate: 10 Hz. (Author Comment: This is a screen recording. The video has been uploaded)
4.8.2. Talent places the flow system on top of an inverted microscope, and checks to ensure both the laser pulse and the path of the sample are visible as the sample passes though the flow system.
4.9. Use a microscope-mounted camera to record the flow, the firing of the laser, and the passage of samples through the flow system [1].
4.9.1. Talent uses a microscope-mounted camera to record either the flow, the firing of the laser, or the passage of samples through the flow system.







Section – Results
5. Results: Detection of Ovarian Cancer 
5.1. In this study, photoacoustic flow cytometry and a targeted copper sulfide targeting agent are used to detect ovarian circulating tumor cells [1]. A typical TEM image of the synthesized nanoparticles shows that the average size of a typical nanoparticle is approximately 8.6 nanometers [2]. 
5.1.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1A.
5.1.2. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1A.
5.2. The horizontal and vertical diameters of each particle are then measured perpendicular to each other and further averaged [1]. The average hydrodynamic diameter for these particles is 73.6 nanometers [2].
5.2.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1B.
5.2.2. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1B.
5.3. Copper sulfide nanoparticles have a characteristic absorbance curve which extends into the near-infrared [1]. There is a slight artifact around 850 nanometers that is caused by the switching of lasers by the spectrophotometer [2].
5.3.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1C.
5.3.2. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1C. Emphasize the spot in the plot that is not smooth (around 850 nm).
5.4. Fluorescence microscopy images of cells incubated with fluorescently tagged nanoparticles show that nanoparticle uptake can be visualized by the presence of fluorescence across the cell [1]. Cells not incubated with nanoparticles show no fluorescence signal [2]. The presence of this fluorescence signal indicates the successful uptake of the particles and their ability to be detected in the flow system [3].
5.4.1. LAB MEDIA: Figure 2.
5.4.2. LAB MEDIA: Figure 2. Video Editor: Emphasize the image in the “Negative” row titled “Texas Red”.
5.4.3. LAB MEDIA: Figure 2. Video Editor: Emphasize the image in the “Positive” row titled “Texas Red”.
5.5. Examples of typical data acquisition signals are shown here [1]. The raw data indicates the differences in signal between the nanoparticle tagged cells, PBS, and folic acid-capped copper sulfide nanoparticles [2].
5.5.1. LAB MEDIA: Figure 4.
5.5.2. LAB MEDIA: Figure 4.
5.6. Utilizing custom LabView and MATLAB software, image reconstructions are made of the positive and negative controls in real-time and post-acquisition, respectively [1]. Individual envelopes are subsequently converted into pixel values and displayed as independent columns [2]. Clear differences in photoacoustic signal occur between PBS and the folic acid-capped copper sulfide nanoparticles at a concentration of 100 micrograms per milliliter [3].
5.6.1. LAB MEDIA: Figure 4. Video Editor: Emphasize the row of images labelled “Hilbert transform”.
5.6.2. LAB MEDIA: Figure 5.
5.6.3. LAB MEDIA: Figure 5.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Christopher Miranda: During this procedure, it is critical to properly align the ultrasound transducer, microscope, and fiber optic within the PAFC system. Confirm system alignment by testing positive and negative controls [1] [2].
6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.1.2. B-roll suggestion: Shots from 4.7.
6.2. Dr. Barbara Smith: To ensure clinical application, further studies should focus on the testing of patient samples and the reduction of procedural steps [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.3. Dr. Barbara Smith: Due to the versatility of photoacoustic targeting techniques and the wide range of applications possible using PAFC, this technique paves the way for translationally important clinical and research applications [1].
6.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.4. Joel Lusk: The synthesis of the nanoparticles should take place in a chemical fume hood utilizing the proper protective equipment.  The use of human cell lines must be handled according to your institution’s guidelines. The use of the laser requires radiation safety training and appropriate PPE. Laser usage and photoacoustic testing should only be performed by highly trained personnel [1].
6.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 
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