We thank the Reviewers for their feedback. We have addressed each one of their questions in the text below. Our responses and updates to the manuscript have been made to each of the reviewers in a corresponding color, to make it easier to refer to: Reviewer 1: blue, Reviewer 2: green, and Reviewer 3: orange, and the Editor: red. For ease of review, we have broken up each of the comments into smaller segments and have addressed them individually, included below.
Response to Reviewer 1:

Reviewers' comments:

Manuscript Summary:	

Joel F. Lusk, Christopher Miranda, and Barbara S. Smith have submitted a manuscript to JoVE entitled, "Ovarian Cancer Detection Using Photoacoustic Flow Cytometry" describing the methods to synthesize folic acid conjugated copper sulfide nanoparticles, their characterization, labeling of cells with the nanoparticles, and finally the setup of a photoacoustic flow cytometry system that can detect down to "individual cells." Overall the ideas behind this manuscript are extremely interesting and the methodologies could be of use to many people. While better after resubmission, the manuscript protocol is still severely lacking in details and specificity and, as is, would be difficult to follow the protocol to produce the results. The major concerns now also include a lack of clarity on the data acquisition timing/registration between visual microscope images and PA signals and data analysis methods.

We thank Reviewer 1 for the feedback. We have addressed each of your questions, as included below. Our responses have been made in blue, so that it is easy to reference, and corresponding updates to the manuscript are also in blue. We have broken up each of the comments into smaller segments and have addressed them individually.


Please see more specific comments as follows:

[bookmark: _Hlk14193660][bookmark: _Hlk14034045]Introduction

Line 70. Please add a reference(s) concerning the luminal expression of folate receptors vs any exposure in the vasculature system.

We have included a citation in the following portion of the manuscript to reference the luminal expression of folate receptors:

“Folate receptor targeting is an ideal strategy for the identification of ovarian CTCs in blood due to the fact that endogenous cells, which have higher expression of folic acid receptors, are generally luminal and have limited exposure to the blood stream.1”

1. [bookmark: _Hlk14189585]Cheung, Anthony, et al. "Targeting folate receptor alpha for cancer treatment." Oncotarget 7.32 (2016): 52553.




Line 82. "These results show detection of ovarian cancer cells down to concentrations of 1 cell/μl" The authors do not demonstrate this claim in the manuscript with the results as currently represented. Please adjust or reference to a paper where this detection limit was accomplished.

We have included a reference to our previous manuscript where we show the detection of ovarian cancer cells down to 1 cell/ μL, as indicated in the following passage:

“These results show detection of ovarian cancer cells down to concentrations of 1 cell/µL, and fluorescence microscopy confirms successful uptake of these particles by SKOV-3 ovarian cancer cell.1”
	
1. Lusk, Joel F., et al. "Photoacoustic Flow System for the Detection of Ovarian Circulating Tumor Cells Utilizing Copper Sulfide Nanoparticles." ACS Biomaterials Science & Engineering 5.3 (2019): 1553-1560.


Protocol:

1.1.2  What total volume of water should be filtered for this protocol?

We have updated this portion of the protocol to reflect the approximate total amount of water needed for the entire protocol. 

[bookmark: _Hlk16243038][bookmark: _Hlk15892442]“1.1.2: Prior to synthesis, filter approximately 300 mL of DI water through a 0.2 µm sterile filter.”
1.1.3  Are any special cleaning steps required for the glassware prior to synthesis? (i.e. Aqua Regia? Etc?)

The manuscript has been updated to indicate that detergent and DI water were used to clean all glassware. 
	
[bookmark: _Hlk16243249]“1.1.3: Add CuCl2 into 100 mL of DI water to create a 1 mM solution (0.0134 g) in a 250 mL round bottom flask. Prior to use, clean glassware with an detergent solution and rinse with DI water.”



1.1.4  Stir with what? A scoopula? A magnetic stir bar?

We have adjusted the manuscript to indicate that we utilized a magnetic stir bar to stir the solution. 

[bookmark: _Hlk16243334]“1.1.4: Add folic acid (FA) to the solution (0.015 g) and stir with the CuCl2 for ~5 min using a magnetic stir bar.”

1.1.5  How slowly? Drop wise? A specific volume/time?
We have updated the manuscript to include the rate at which the sodium sulfide is added to the solution. 
[bookmark: _Hlk16243363]“1.1.5: Add Na2S·9H2O (0.024 g in 100 µL DI water) over approximately 10 sec to the reaction mixture utilizing a 200 µL pipette.” 

1.1.6  This step would be better as a "Note"
We have updated the manuscript to include this section as a note:
[bookmark: _Hlk16243389]“NOTE: Upon addition of the Na2S·9H2O, the solution will change color from a light yellow to a dark brown.”
1.1.7  This step is unclear. Is the oil cool when the reaction vessel is placed in it and then allowed to warm to 90 C? Is the mixture stirred during this?
The manuscript has been updated to clarify this section.
“1.1.6: Cap the reaction and place in a cool oil bath, set to 90°C and continue stirring with a magnetic stir bar.”
1.1.8  Briefly cool to what temperature and for how long?
The manuscript has been clarified to indicate the temperature at which the reaction vessel is cooled, and the duration of cooling, before transferring to an ice bath. 
[bookmark: _Hlk16243509]“1.1.7: Remove the reaction vessel from the oil bath and briefly cool at room temperature for approximately 10 to 15 min before transferring to an ice bath.”
[bookmark: _GoBack]
1.1.9  What temperature should the reaction vessel reach before adjusting the pH?
We have updated the manuscript to indicate the temperature of the reaction vessel prior to adjusting the pH:
[bookmark: _Hlk16243541][bookmark: _Hlk16243593]“1.1.8: Once the reaction mixture has been cooled below 20°C, adjust the pH to 10 using 1M NaOH to dissolve the remaining folic acid into solution.”


1.1.10  Would be clearer if it stated, "In 15 ml batches…" as opposed to one 15 ml step.
We have updated the manuscript to include the reviewer’s recommendation. 
[bookmark: _Hlk16243639]“1.1.9: Purify the FA-CuS reaction mixture using a 30 kDa centrifugation column. Add solution in 15 mL batches to the column and centrifuge at 3082 g for 15 min.”

1.1.11  How much NaOH should be used for each wash? What is the final volume one might hope to reach of concentrated solution?
This portion of the manuscript has been updated to reflect the amount of NaOH used for each of the washes. 
[bookmark: _Hlk16243703][bookmark: _Hlk16243727]“1.1.10: Once all of the reaction mixture has been concentrated, recombine the concentrated fractions and wash 4 times with 15 mL pH 10 NaOH in the 30 kDa centrifugation column.”

1.1.12  Approximately what volume is 1/3 of the batch? What kind of tubes? What are the vacuum oven settings?
The manuscript has been updated to include the approximate amount of solution, type of tubes, and the vacuum oven settings. 
[bookmark: _Hlk16243770]“1.1.11 Take 1/3rd of the solution (~66 µL) and split into 3 glass vials. Dry in a vacuum oven overnight at 40°C ,under vacuum of ~27 Hg.”

1.1.13  Might say, "Dissolve the other 2/3rds of the concentrated solution"
We have updated the manuscript accordingly: 
[bookmark: _Hlk16243839]“1.1.12: Dissolve the other 2/3rd’s of concentrated solution into 250 µL of PBS and store at 4°C until further use.

1.1.14  Settings/type of the bath sonicator?
The make and model of the bath sonicator is a a Fisherbrand CPX Series Digital Ultrasonic Cleaning Bath (Model CPX3800) and has been included on our materials list.  The high setting was used to sonicate the particles.  
This has been indicated in the protocol in the follow areas:
“1.1.3: Prior to utilizing FA-CuS NPs, sonicate them for 30 min in a bath sonicator on a high setting.”
		
[bookmark: _Hlk16245587]“DLS (Dynamic Light Scattering): Add 10 µL concentrated FA-CuS NPS in PBS solution from step 1.1.14 to 2 mL DI water. Prior to characterization by DLS (dynamic light-scattering), sonicate the particles for 30 min in a bath sonicator on a high setting and filter through a 0.2 µm sterile filter to remove residual dust.

2.1.1  What type of 0.2 um sterile filter?
For the filtration either a VWR 1000 mL 0.2 µM filter can be utilized for larger volumes of water (Cat: 10040-440), or a VWR sterile syringe filter (Cat:28145-477) can be used for smaller volumes.  Both filters have been included in the materials list. 

4.1.1  What volumes of DMSO and NaHCO3 solution should this reaction occur in?
The amounts of both DMSO and NaHCO3 solution utilized have been clarified in this portion of the manuscript:
[bookmark: _Hlk16245826]“4.1.1: Add Texas-Red-X succinimidyl ester (0.2 mg dissolved in DMSO at a concentration of 10 mg/mL) to a solution containing 2 mg of FA-CuS NPs in 1 mL 0.1 M NaHCO3 (pH ∼ 9) buffer.”

4.1.2  Stir with what?
The manuscript has been updated to indicate that the reaction was stirred using a magnetic stir bar. 
[bookmark: _Hlk16245868]“4.1.2: Stir the reaction mixture for 1 hr, away from light at room temperature using a magnetic stir bar.”

4.1.4  What volumes of NaHCO3 buffer and water should be used for washing? Clarify if the trace amounts of fluorescence should be in the wash through portion.
The volumes of NaHCO3 buffer and DI water needed for washing have been updated in the manuscript. 
[bookmark: _Hlk16245910]“4.1.3: Concentrate the reaction mixture in a 4 mL 30 kDa MWCO centrifugation column by spinning at 3082 g for 10 min. 
[bookmark: _Hlk16245952]4.1.4: Wash the concentrated solution 3 times with 4 mL 0.1 M NaHCO3 buffer (pH ∼ 9) in a centrifugation column. Subsequently, wash the concentrated solution with 4 mL DI water 3 times or until only a trace amount of fluorescence remains visible in the flow through by UV-VIS.”



5.1.1  This volume seems specific for a type of plate, please specify.
We thank the reviewer for this recommendation. The type of plate utilized in this study has been clarified in this section of the manuscript. The original document stated 0.5 mL of media, as this was the amount of media needed for a 24 well plate. However, in this protocol we primarily utilize T75 flasks with 8-15 mL media to grow cell culture prior to experiments. This has been clarified in the manuscript accordingly:
[bookmark: _Hlk16246013][bookmark: _Hlk15898174]“5.1.1. Prior to incubation with FA-CuS NPs, incubate SKOV-3 cells in a T75 flask with 8-15 mL folic-acid-free RPMI-1640 media with 10% FBS and 1% pen/strep for at least 24 hours.”

5.1.3  What volume of media per well?
The manuscript has been updated to clarify the amount of media needed per well. 
[bookmark: _Hlk16246086]“5.1.2:  Seed cells in 0.5 mL folic-acid-free RPMI-1640 complete growth media, at a density of 0.05 × 106 cells/mL into a 24 well plate.”
“5.1.3: Seed cells in 0.5 mL folic-acid-free RPMI-1640 complete growth media, at a density of 0.05 × 106 cells/mL into a 24 well plate.”

5.1.3  Volumes of trypsin and media per well?
We have updated the manuscript to describe the volumes of trypsin and media in each well. 
[bookmark: _Hlk16248886]“5.1.4: Following this incubation, trypsinize the cells with 0.5 mL of 0.25% trypsin with EDTA. Add at least 1 mL folic-acid-free RPMI-1640 complete growth media to neutralize the trypsin, and centrifuge the cells at 123 g for 6 min. “

5.1.5  Volume of PBS?
The manuscript has been updated to include the amount of PBS used to wash the cells. 
[bookmark: _Hlk16248922]“5.1.5: Remove the supernatant, resuspend the cells in 2 mL of PBS, and centrifuge at 123 g for 6 min. Perform this wash step two times to remove any unbound NPs.”

5.1.6  Volume of PBS?
The manuscript has been updated to include the volumes of PBS in this step. 
[bookmark: _Hlk15899644][bookmark: _Hlk16248973]“5.1.6: Resuspend the cells in 1-2 mL PBS with 2% TWEEN solution.
[bookmark: _Hlk16249074]5.1.7: Count cells using a hematocytometer and trypan blue. Further dilute cells if cell counts are too high. Dilute cells in PBS with 2% TWEEN to the chosen concentration for detection.”

6.1.2  What volume of media?
The volume of media has been clarified in this step of the manuscript:
[bookmark: _Hlk16249794]“6.1.2: Seed cells at a density of 0.05 × 106 cells/mL in 0.05 mL folic-acid-free RPMI-1640 complete growth media on glass coverslips in a 24 well plate.”

6.1.3  Are these concentrations total for the volume in the well, or a specific volume of NP solutions at those concentrations is added?
These concentrations are total for the volume in the well. This has been clarified in the manuscript:
[bookmark: _Hlk15902630][bookmark: _Hlk16249851]“6.1.3 The following day, incubate the cells with fluorescently tagged FA-CuS NPs in triplicate, at concentrations of 100 µg/mL, 200 µg/mL, 300 µg/mL, and 400 µg/mL in 0.5 mL folic-acid-free RPMI-1640 complete growth media..” 

6.1.6  Volume of PFA?
The volume of PFA used has been clarified in the manuscript. 
[bookmark: _Hlk16249902]“6.1.6: Incubate the cells with 0.5 mL of 3.7% paraformaldehyde (PFA) in PBS for 15 mins, transfer the glass coverslips to a new 24 well plate.” 

6.1.7  Volume of PFA/Triton-X solution? Why is there addition PFA here?
We thank the reviewer for their question, the PFA is added with Triton-X to continue fixation of the cells during the permeabilization by Triton-X. 

6.1.8  Volume of PBS?
We have updated this portion of the manuscript to include the amount of PBS used at this step. 
[bookmark: _Hlk16249954]“6.1.8: Wash the cells with 0.5 mL of PBS 3 times for 5 min each and transfer the coverslips to a new plate.”
6.1.9  Volume of PBS?
The volume of PBS for this step has been included in the manuscript:
[bookmark: _Hlk16250061]“6.1.9: Incubate the cells with 0.5 mL of a PBS solution containing DAPI (20 µL/mL of a 0.5 mg/mL stock solution is used for staining) for 5 min, away from light.”

6.1.10  For this wash step and all others: Explain how the washing works, example : "Wash cells three times by adding 1 ml of PBS to each well, swirling gently, and aspirating carefully as to not remove cells from the cover slip." Or if you mean something different? Please describe.
The wash procedures have been updated accordingly as in indicated 6.1.5, this has been included below for ease of reference.  Additionally, a note has been added to the text.   
“6.1.5: Following this incubation period, wash the cells 3 times with PBS. 
[bookmark: _Hlk16250126]NOTE: For all wash steps, carefully add solution on the side of the well plate as to not disturb the cells. After addition, carefully tilt the plate and withdraw the solution from the side of the well.”

7.2.2  Why did the authors use a 50 MHz transducer (82% fractional BW) to detect a 2 MHz signal? 
The use of a 50 MHz transducer has been discussed below and included in the manuscript on page 11. 
“For our current PAFC system, preliminary studies confirmed photoacoustic detection using the transducer and amplification system. The majority of these signals are comprised of lower frequency signals (<20 MHz). Further studies are needed to confirm whether this is due to the actual frequency of the generated photoacoustic signals or the 35 MHz bandwidth of the amplifier. Future studies will investigate the frequency components of the detected signals in order to optimize the central frequency of the transducer as well as the bandwidth of the amplification system.”
7.2.5  How does the cell solution remain suspended to prevent clumping for even cell distribution throughout the experiment? What concentration of native NPs is being used for the control?
An even distribution of cells was maintained in the experiment, as explained below and included in the manuscript. 
[bookmark: _Hlk14195874][bookmark: _Hlk16251138]7.2.5 Fill one of the syringe pumps with air and the other pump with the sample to be analyzed. Set the pump containing air to a flow rate of 40 μL/min and the pump containing the sample to a flow rate of 20 μL/min. The resulting two-phase flow will produce sample volumes of 1 μL. At this flow rate, the system will test approximately 6.4 samples per minute. 
[bookmark: _Hlk16251169]NOTE: To maintain a consistent distribution of cells, lightly vortex each sample immediately before being tested. In addition, rotate the syringe every few minutes in order to prevent the cells from settling in the solution. 
The concentration of the NP(control) has been added to the manuscript in the following section:
[bookmark: _Hlk16251240]“7.2.12: Record the ultrasound acquisitions utilizing LabView software. Trigger ultrasound and pulsed laser using the FPGA. Utilize PBS with 2% TWEEN, and FA-CuS NPs at a concentration of 100 µg/mL in PBS 2% TWEEN as negative and positive controls, respectively.” 

7.2.10  What is the fluence?
The fluence of the laser has been listed in the following section in the manuscript:
“7.2.10: The energy of the laser incident on the sample is ~8 mJ. Results indicate that the  10 Hz laser rate is sufficient to illuminate each sample multiple times as they pass through the system.”

7.2.11  How do you correlated the microscope video to the US/PA signals? Is it just by chance that a 1 ul aliquot is passing through the PA acquisition or is the system triggered somehow?
The recorded video of the laser firing is correlated to the US/PA signals. As the sample passes across the path of the laser. 
[bookmark: _Hlk16251355]“These recordings will be utilized to correlate the acoustic signal recorded by the transducer with the firing of the laser. As the samples pass in front of the firing of the laser, the signal can then be correlated to the resulting photoacoustic signal for analysis.”

7.2.14  This is a repeated Note from 7.7.2.10. Please remove.
This section has been removed from the manuscript. 

8.1.1  How many acquisitions are you comparing with the t-test? Is each acquisition the same length of time?
[bookmark: _Hlk15976551]The amount of acquisitions analyzed for the t-test is listed in our original report1. The duration of each acquisition is the same length of time. The amount of acquisitions analyzed for the t-test were 203, 150, 160, and 131, for cells with NPs, cells alone, PBS, and NPs alone, respectively. We have added additional clarification in our manuscript, as well as provided a reference to the previous paper within the Data Acquisition section. 
[bookmark: _Hlk16251412]“In our previous study, this data was analyzed using R statistical software, where the amount of acquisitions analyzed for the t-test were 203, 150, 160, and 131, for cells with NPs, cells alone, PBS, and NPs alone, respectively.1”
1. Lusk, Joel F., et al. "Photoacoustic Flow System for the Detection of Ovarian Circulating Tumor Cells Utilizing Copper Sulfide Nanoparticles." ACS Biomaterials Science & Engineering 5.3 (2019): 1553-1560.

8.1.2  Normalize the complex envelope to what? The complex envelope of a single acquisition? This method is confusing. Please clarify.
The complex envelope is normalized based on the largest signal detected in either a whole run or a series of runs being compared. The manuscript has been updated to read: 
[bookmark: _Hlk16251677]“8.1.3: For image reconstruction, normalize the complex envelope based on the maximum peak across the whole run. If comparing a series of runs, normalize the complex envelope using the maximum peak across the entire series. Following normalization, convert each acquisition into a series of pixel values. Represent each series of pixel values as a column in the image reconstruction. Representative reconstructions of PBS and the FA-CuS NPs signals are shown in fig 5, where both images were normalized using the maximum peak across both runs. “

Representative Results

*** Fluorescence Microscopy: A control of cells incubated with nontargeted NPs is missing from these images.

This protocol focused on the photoacoustic detection of cells in a flow system utilizing the cellular uptake of folic acid capped nanoparticles at physiologically relevant concentrations. The selectivity of these folic acid capped nanoparticles has been demonstrated in previous studies.1 The current work combines photoacoustic targeting and ovarian cancer cellular uptake to identify circulating tumor cells at reduced concentrations. Future studies will examine the specificity of these particles over nontargeted copper sulfide particles. This is clarified in the discussion section of the manuscript:
[bookmark: _Hlk16251956]“Future studies will examine the specificity of these nanoparticles versus non-targeted controls.” 
1. Zhou, Min, et al. "Theranostic CuS nanoparticles targeting folate receptors for PET image-guided photothermal therapy." Journal of Materials Chemistry B 3.46 (2015): 8939-8948. 


Flow System Architecture:
*** How is the optical fiber attached/aligned with the flow chamber/capillary tube? (7.2.8?)
The optical fiber alignment is explained in the following passage:
[bookmark: _Hlk14194896]“7.2.8: Place the section of the quartz capillary tube in direct alignment with the transducer, in the field of view of the microscope. This allows for careful placement of the optical fiber above the sample, such that it illuminates the entire width of the tube.”

Data Acquisition:
*** How many acquisitions were in a group for the t-test? Analysis of what means by a t-test? Overall, the methods of data analysis are confusing and should be clarified further.
Relevant updates to the manuscript have been included in the data acquisition subsection of the representative results:
[bookmark: _Hlk15976658]“In our previous study, this data was analyzed using R statistical software, the amount of acquisitions analyzed for the t-test were; 203, 150, 160, and 131, for cells with NPs, cells alone, PBS, and NPs alone, respectively.1”
1. Lusk, Joel F., et al. "Photoacoustic Flow System for the Detection of Ovarian Circulating Tumor Cells Utilizing Copper Sulfide Nanoparticles." ACS Biomaterials Science & Engineering 5.3 (2019): 1553-1560.


Image Reconstruction:
What the authors are referring to as an "acquisition" is unclear. Is this a single US signal from a single laser pulse, the total signal from a 1 ul passage of sample through the capillary tube? Or?
[bookmark: _Hlk15978507]An acquisition is the resulting photoacoustic signal generated from a single laser pulse. Because the laser can illuminate a sample multiple times, several acquisitions from each sample were acquired. This has been further clarified in the data acquisition subsection of the representative results:
[bookmark: _Hlk16252151]“An acquisition is the resulting photoacoustic signal generated from a single laser pulse. Due to the rapid firing rate of the laser, each sample analyzed generates multiple acquisitions.”

Figures and Figure Legend
*** Figure 2 should also contain cell incubated with non-targeted CuS nanoparticles as a negative control.
We thank the reviewer for their feedback.  This question has been addressed in the manuscript in the section below: 
“Future studies will examine the specificity of these nanoparticles versus non-targeted controls.” 	




*** Figure 4: To better help the reader understand the signal and differentiate from noise, please plot the graphs to include a small amount of signal both before and after laser trigger. 
The graphs have been updated with extended time points to better clarify signal differences. 
[image: ]
In addition to the raw spectra presented here, please also include box plots showing what was compared in the t-tests. Such as, if there are 200 acquisitions for each condition (pbs, cells, cells+NP) please show the distributions of PA signal for each and the stdevs. This will help the reader visualize the "subtle" differences between the raw signal graphs.
A reference to our previous manuscript has been included in the representative results section.  The referenced manuscript contains box plots of the t-test and also highlights the distributions of the signals and standard deviations.  
“In our previous study, this data was analyzed using R statistical software, the amount of acquisitions analyzed for the t-test were; 203, 150, 160, and 131, for cells with NPs, cells alone, PBS, and NPs alone, respectively.22 The data was normalized by log transformation, and compared utilizing a Welch’s t-test in R.”
*** Figure 5. Why are the acquisitions routinely brighter at the end of the acquisition and low at the beginning?
Due to the shape of the capillary tube, and the intensity of the photoacoustic signal generated by the positive control, a significant ringdown effect occurred, which resulted in signal that were brighter at the end of the acquisition. For data analysis and image reconstructions, the range of time (2 µs) corresponding to the position of the actual capillary tube was utilized.
 


Discussion
*** Please discuss the limitations and challenges of this method looking towards clinical translation. For example, the ability of the system to detect CTCs through tissue and whole blood. Or perhaps the usage of nanoparticles for a clinical screening exam. Or the length of time a patient would need to be monitored to detect a CTC?
We have included the following section to address translation of this method into clinical settings. 
[bookmark: _Hlk15981635]“Future validation of this method will include: testing with human clinical samples, implementation of high throughput testing and analysis, and translation of this tool into clinical settings..”  

Significance of the method with respect to existing/alternative methods:
This is only vaguely discussed. In the manuscript the authors state, "PAFC introduces several advantages over these traditional methods for the detection of CTCs, including the ability to detect CTCs within patient samples, and its ease of translation to in vivo applications." However, neither of these is shown in the manuscript and therefore more elaboration and citations are required. 
The potential advantages of PAFC over traditional methods have been clarified in the discussion section as indicated below. 
[bookmark: _Hlk15987598][bookmark: _Hlk16253701] “Our current system is specifically suited for ex-vivo detection of CTCs, however, this method identifies the potential for future application of FA-CuS NPs in vivo. 

Additionally, the authors state, "PAFC has also been shown to accurately detect CTCs in vitro and in vivo when combined with targeted contrast agents" and later "Our results identify the detection of 353 SKOV-3 cells down to a concentration of 1 cell/µL," but this is not shown in the manuscript with the representative results as is, instead the representative results depict signals from a solution of nanoparticles only, not cells incubated with nanoparticles." These statements need to be clarified and expanded upon.
We thank the reviewer for their comments. A reference to our previous work has been added.  
“Our results identify the detection of SKOV-3 cells down to a concentration of 1 cell/µL.1”
1. Lusk, Joel F., et al. "Photoacoustic Flow System for the Detection of Ovarian Circulating Tumor Cells Utilizing Copper Sulfide Nanoparticles." ACS Biomaterials Science & Engineering 5.3 (2019): 1553-1560.





Response to Reviewer 2:
Manuscript Summary:
The table of materials still lists the transducer as made by Master Flex - shouldn't it be Olympus? Otherwise, the authors have made satisfactory revisions and I suggest the manuscript is ready for publication.
We thank Reviewer 2 for their feedback. The materials list has been corrected to address your concerns. We have addressed each of your questions included below. Our responses have been made in green, so that it is easy to reference, and corresponding updates to the manuscript are also in green. We have broken up each of the comments into smaller segments and have addressed them individually.

A few comments for future work that don't really impact this manuscript:
1) The y-axis scales of fig. 4 are deceptive. A/B/D/E are -0.05 to 0.05, while C/F are higher. At first glance, it seems that the PA signal is not much greater than the noise. In the future, using the same scale length for all would emphasize the stronger PA signal compared to noise.
We thank the reviewer for their observations regarding the y-axis scales of fig. 4. These corrections have been added to the manuscript and included below: 

[image: ]




2) I'm puzzled about the hardware used -- a 35 MHz preamp was used with a 50 MHz transducer to detect signals <20 MHz. This doesn't make sense to me. Why were the signals at <20 MHz? The sensitivity of the 50 MHz at these low signals is very small, why not just use a lower frequency transducer?
We have updated the manuscript to acknowledge the reviewer’s comments:
“For our current PAFC system, preliminary studies confirmed photoacoustic detection using the transducer and amplification system. The majority of these signals are comprised of lower frequency signals (<20 MHz). Further studies are needed to confirm whether this is due to the actual frequency of the generated photoacoustic signals or the 35 MHz bandwidth of the amplifier. Future studies will investigate the frequency components of the detected signals in order to optimize the central frequency of the transducer as well as the bandwidth of the amplification system.”

3) The throughput is extremely low at <10 samples/minute. CTCs tend to be quite rare, and take impossibly long using this system. The system would have to be sped up by orders of magnitude to do ex vivo CTC diagnostics within a reasonable timeframe.
The authors have addressed the reviewer’s comments in the manuscript in the following passage:
“Future validation of this method will include: testing with human clinical samples, implementation of high throughput testing and analysis, and translation of this tool into clinical settings..”  

4) The concept of measuring PA signals from "plugs" in vivo is just not possible -- blood cannot be split like that. How will it be done? I envision a form more like Zharov et al, which is already in clinical trials.
The manuscript has been updated to better clarify clinical application of the PAFC system.
“The current system is specifically suited for ex-vivo detection of CTCs, however, this study identifies the potential for future application of FA-CuS NPs in vivo.” 

Response to Reviewer 3:
Manuscript Summary:
We thank Reviewer 3 for the feedback. We have addressed each one of your questions included below. Our responses have been made in orange, so that it is easy to reference, and corresponding updates to the manuscript are also in orange. We have broken up each of the comments into smaller segments and have addressed them individually.

General Comments:

While I'm happy with the corrections made to the protocol, I'm still a little concerned about the argument shown in L434-436. You cannot make the claim that your signals were mostly <20 MHz considering the sensitivity of the pre-amp, i.e. energy at this frequencies was possible, just that your system couldn't detect them. Could this just be rephrased to say to acknowledge this combination of transducer/pre-amp might not be optimal?

We have updated the manuscript to address the reviewer’s comments as indicated below: 

“For our current PAFC system, preliminary studies confirmed photoacoustic detection using the transducer and amplification system. The majority of these signals are comprised of lower frequency signals (<20 MHz). Further studies are needed to confirm whether this is due to the actual frequency of the generated photoacoustic signals or the 35 MHz bandwidth of the amplifier. Future studies will investigate the frequency components of the detected signals in order to optimize the central frequency of the transducer as well as the bandwidth of the amplification system.”


Editorial comments:

Please revise the reference format to be [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).]

We have revised our reference format to be consistent with the JoVE template, and replaced citations that were placed incorrectly in the bibliography. 



image1.png
— s
Gl

E

Time )

Ay

Hilbert
Transform





