Editorial comments:
Editorial Changes
Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
We have proofread the manuscript for spelling and grammar.

2. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s) before the punctuation.
We have changed the in-text citations to numbered superscripts before the punctuation. 

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials. For example Agilent’s Seahorse Assays, YG bead, Polysciences Inc, 3i system, SPCImage, etc.
We understand to follow the JoVE guidelines. We made revisions to exclude any commercial product names in the manuscript. This includes any mention of software names, such as CellProfiler and SPCImage in the protocol. We have added citations so the user can find the software used in the protocol for their own experiments. 

4. The Protocol should contain only action items that direct the reader to do something. Any text that provides details about how to perform a particular step should either be included in the step itself or added as a sub-step. Please move additional protocol information to either the discussion or introduction.
We have reviewed the protocol and put any additional protocol information within the discussion. 
For example, the commentary, “All living cells will exhibit endogenous NAD(P)H and FAD fluorescence …” is repetitive with the introduction and has been removed from Step 1 of the Protocol.

5. Please define all abbreviations before use. For example, GFP, DAPI, YG, etc.
We have added the definitions to all abbreviations when first mentioned in the manuscript. See line 483, 489, and 204.

6. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. For example, 1. Cell plating for imaging followed by 1.1 Starting with a confluent… and so on.
The Protocol numbering has been updated to match the JoVE Instructions.

7. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.). Please avoid the usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol.
We have removed all personal pronouns and “could be”, “should be” and “would be” throughout the Protocol.

8. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
We understand that this will make the protocol easier for the reader to follow. We have included more of where the user should click in the software as suggested. For these parts we specified, we have also noted in parenthesis that this specific to the image acquisition software and image analysis software of our system but may be modified for systems by different manufacturers. For example, see Step 2.2.4 and 4.2.4 were changed to be more specific for the user.  

Line 133: At what confluency were the cells used for experimentation?
The cells were at 80-90% confluency. We have made this addition, Protocol 1.1: 
“1.1.	Aspirate the media from an 80-90% confluent T-75 flask of MCF-7 cells, rinse the cells with 10 mL sterile PBS (Phosphate-buffered saline) and add 2 mL 0.25% trypsin (1X) to detach the cells from the flask bottom. “

Line 145: Please provide centrifugal force calculated in x g for centrifugation.
We centrifuged the cells at 200 xg. We have made the following revision below, Protocol 1.5:
“Centrifuge the cells 200 xg for 5 minutes.”

Line 151: The cells were grown at 37 °C? If yes, please specify. Please provide incubation conditions. How was the logarithmic growth phase identified?
The cells were grown at 37 °C. We made sure to specify this in the protocol. Additionally, the logarithmic growth phase was identified by the cell’s data sheet on the company’s website. 
[bookmark: _Hlk85606779][bookmark: _Hlk85799547]“Incubate the cells at 37 ℃ with 5% CO2 for 24-48 hr prior to imaging for cells to adhere and reach the logarithmic growth phase (the growth phase was determined by prior experience with these cells and confirmed with the cell data sheet). “

Line 161,178: Please include button clicks in the software, command lines, etc. for starting the microscope and setting up the image acquisition software.
We understand that this will make the protocol easier for the reader to follow. We have added software clicks and noted that these are specific to the Slidebook image acquisition software and may be adapted to different microscopes. Here are the following revisions we have made based off the comment:
“Turn on all components of the multiphoton fluorescence lifetime microscope including the microscope, the laser source, and the detectors being used. “
“If the microscope is within an enclosure, close the lightbox door.  Open the image acquisition software, click on the Multiphoton Imaging tab and set desired multiphoton imaging parameters.”

Line 204: What are the recommended image parameters? Please specify. Alternatively, add references to published material for the parameters.
We thank the reviewer for bringing us to our attention. We have directed the readers to step 2.2.4, which has the recommended imaging parameters for multiphoton imaging. These are identical for our recommended parameters for the IRF image acquisition. Here is the revision below:
“Obtain a fluorescence lifetime image of the YG bead using a laser power at the sample <1 mW and recommended image parameters [Step 2.2.4].”

Line 327: What was the final bin value? 
The final bin value for our experiment was one. We did not require additional binning in our images. This might be dependent on the user however, so we made the following revision below:
[bookmark: _Hlk85538773][bookmark: _Hlk85617658]“Import urea image. Select a point on the image of the urea crystal to be used for image analysis. Increase the spatial bin value to integrate FLIM data from multiple pixels to 1 or higher for a decay peak > 100 photons.”

Line 343: what were the parameter values used in the protocol? How were they set?
We have added what the user should optimize when setting the parameters. We have also included a reference for the SPCImage manual for the reader. 
· Set a threshold value to evaluate decays for cytoplasm pixels.  Here, a value of 50 was used. The value was selected by comparing the fluorescence peak values of several representative background and nucleus pixels with the peak value of several cytoplasm pixels.  A value between the nucleus pixels and cytoplasm pixels was selected for the threshold.
· Check that the Shift value aligns the IRF relative to the rising edge of the fluorescence.   Adjust the shift if needed to a value that minimizes the Chi-squared value. 
· Increase spatial bin so cytoplasm pixels have fluorescence peak values at or above 100. Note that increasing the spatial bin, will lead to decreased spatial resolution.


Lime 372: Please provide all website links in the references. The reference can then be cited in the text.
We have made an endnote custom entry reference with the corresponding links attached.

Line 377: Is it 0-1? Please check.
Yes. The CellProfiler module “Rescale intensity” normalizes the pixel values from 0 (blackest pixel color) to 1 (whitest pixel color). “

9. Please include all the Figure Legends together at the end of the Representative Results in the manuscript text.
All Figure Legends have been added at the end of the Representative Results section.

10. Figure 3: what do the x-axis and y-axis represent?
We thank the reviewer for bringing this to our attention. We have included what the x-axis and y-axis represent in the figure caption, as seen below: 
“Figure 3: Identification and segmentation of individual cells.  The NAD(P)H intensity image of MCF7 cells obtained by integrating a fluorescence lifetime image. Cells were imaged using 750 nm excitation at 5 mW for 60 seconds. The x and y axis represent the pixel location of the image. (A) was used to identify individual cells. The cells were masked (B) in order to eliminate any background noise from the data set. The nucleus was then identified (C) and projected onto the cell mask (D). The cells were then filtered (E) to remove masked areas that do not fit the size of typical cells. “

11. Figure 4: what does the color bar represent?
The Figure 4 caption has been amended to include, “The amplitude-weighted fluorescence lifetime (indicated by the color bar) measures the time a fluorophore, in these cases NAD(P)H and FAD, is in an excited state.” 

12. Please also include the critical steps within the protocol in the Discussion.
Several critical considerations have been added to the Discussion to address several of the reviewer comments including a discussion of laser parameters, number of images to acquire, the trade off between laser power, image resolution, and image acquisition time.  Additionally, we have included he following:
Critical steps for imaging NAD(P)H and FAD fluorescence intensity and lifetime include the selection of appropriate wavelengths for excitation and emission, verification that the cells do not contain synthetic or additional endogenous fluorophores that will contribute overlapping fluorescence, and the use of non-damaging laser powers.

13. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al.
We have checked for the following and ensured that the references appeared in the same format. 

14. Please include the catalog number of all relevant materials in the table of materials.
We have included catalog numbers for all materials in the table of materials.  For items without a catalog number, are marked with NA (not applicable).

15. With regards to video production, please let us know how you would like to proceed. Please select one of the options below.

1. Journal Produced Videos (JPV): If you are within our videographer network, you can choose the Video Produced by JoVE option (https://www.jove.com/authors/faq). Once the manuscript is accepted, we write the script, film the protocol, and produce the video for you. If selecting this option please provide us with the complete filming address.
Filming address:
ETB 1040
Emerging Technologies Bldg Room 1040
3120 TAMU
101 Bizzell St
College Station, TX 77843-3120

2. Hybrid filming option (APF). In this case, upon manuscript acceptance, we write the script for you, you will then perform the filming and send us the raw footage straight out of the camera. Using these video clips, we will then produce the video for you. Please see the attached criteria. You do not need to film till the scripting is done.


____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
Theodossiou et al. describe a protocol for fluorescence lifetime imaging microscopy (FLIM) of endogenous metabolic co-enzymes NAD(P)H and FAD for label-free imaging of cellular metabolism. They focus this protocol on multiphoton FLIM, but also offer parallel settings for one-photon imaging. They also center the protocol on time-resolved imaging for a more complete metabolic imaging approach but provide an alternative protocol for intensity-based only fluorescence imaging to measure optical redox ratio. The protocol includes cell work and experimental preparation, instrument setup, imaging steps, and image analysis. The proposed experiment using cyanide serves as a validation method for NAD(P)H and FAD detection. The protocol is well explained, appears reproducible, it is mindful of alternative setups, and it is relevant to the fluorescence lifetime imaging community. My recommendation is publish after minor revision.

Major Concerns:
The definition of mean lifetime as tau_m = alpha1*tau1 + alpha2*tau2 is technically an amplitude-weighted lifetime. The average lifetime, or average amount of time a fluorophore is in the excited state, is computed by averaging "t" over the intensity decay of the fluorophore, which for a two-exponential decay results in tau_m = (alpha1*tau1^2 + alpha2*tau2^2)/(alpha1*tau1 + alpha2*tau2) (see ref 16 of this protocol). Being explicit about the distinction will help avoid confusion, especially for new incorporations into the field, for whom this protocol will be specially useful.
We appreciate the reviewer’s key to detail. We have addressed this comment by clarifying that the m used here is the amplitude-weighted lifetime.  
“The amplitude-weighted lifetime, represented here as τm, is calculated as τm= α1τ1+ α2τ2.  A mean lifetime can be computed by averaging “t” over the intensity decay of the fluorophore, which for a two-exponential decay is τ*m= (α1τ12+ α2τ22)/ (α1τ1+ α2τ2) 17,21.”

Minor Concerns:
Please revise for consistency with naming (for example, co-enzymes vs coenzymes) and grammar.
We have revised the manuscript for consistency and grammar.


Reviewer #2:
Manuscript Summary:
In this article the author describes how one can benefit in measuring cellular metabolism using FLIM and intensity-based approach. The author provided appropriate protocols for both methods as an example in measuring the metabolic perturbation by cyanide in MCF-7 cell lines. The results are clear demonstration of these techniques. The reader could follow this protocol if anyone would like to implement these approaches to monitor the metabolic changes in living cells.

Minor Concerns:
1. The author expect any photobleaching for 5-10 mW average power at the specimen plane for 60s data collection?
If the power is too high, photobleaching will occur at the sample. We have verified that our scanning parameters do not induce photobleaching. This was done by monitoring the photon count rate during image collection and plotting the intensity changes as a function of time. There was no change in intensity of the cells within 1.5 minutes of imaging at this power. We included this in the discussion. Here is the revision below:
“Other cell types can be applied to this protocol; however, the user should optimize imaging parameters including laser power and image integration time for each cell type and experiment to prevent photobleaching.  Photobleaching can be minimized by monitoring the photon count rate or average fluorescence intensity during imaging for the duration of the lifetime scan. An increase or decrease in fluorescence intensity indicates the laser power is too high. If laser powers induce photobleaching, the power can be reduced and the total image acquisition increased to achieve sufficient photon collection for lifetime analysis. “
2. How many photons per pixel is required for appropriate fitting of the FLIM data?
We thank the reviewer for bringing this up. There should be at least 100 photons per cytoplasm pixel for appropriate fitting of the FLIM data. Data can be spatially binned in SPCImage, if needed to increase the number of photons within the decay curve; however, spatial binning will decrease the spatial resolution. We have added this as a note in the image acquisition section of the protocol. Here is the revision below:
· [bookmark: _Hlk85619533]Set a threshold value to evaluate decays for cytoplasm pixels.  Here, a value of 50 was used. The value was selected by comparing the fluorescence peak values of several representative background and nucleus pixels with the peak value of several cytoplasm pixels.  A value between the nucleus pixels and cytoplasm pixels was selected for the threshold.
· Check that the Shift value aligns the IRF relative to the rising edge of the fluorescence. Adjust the shift if needed to a value that minimizes the Chi-squared value.
· Increase spatial bin so cytoplasm pixels have fluorescence peak values at or above 100. Note that increasing the spatial bin, will lead to decreased spatial resolution.

3. The author should mention the FLIM company name. I believe the data was collected using Becker & Hickl, Germany.
We have to refrain from including the company name within the paper in order to follow JoVE guidelines.  The companies and product numbers are included in the materials table. 

4. Is it necessary to collect the instrument response function (IRF)? what will be the difference if the user uses the simulated IRF in the SPCImage data analysis software? It will be good to comment about the usage of the IRF for the data analysis.
We appreciate this thoughtful comment. The IRF is not necessary to collect; however, it is recommended that the user analyze the data with a measured IRF since in reality, the IRF is typically broader than the simulated IRF.  This error is more pronounced for short lifetimes such as FAD 1. 
“When analyzing fluorescence lifetime images, either a measured IRF or a simulated IRF can be used. The simulated IRF is estimated from the upshoot of the fluorescent lifetime curve; however, the real IRF obtained from the system might be broader depending on the system and thus result in more accurate lifetime values. While the IRF typically only changes with hardware or software alterations, a daily IRF measurement is a good practice to ensure the fluorescence lifetime system is working as expected.“

5. The author should mention exactly what average power used at the specimen plane and the time for data collection in Figures 3 & 4 caption.
We appreciate this suggestion. We have included the power and time for data collection in both of the figures. Here is the revision of both captions from Figure 3 and Figure 4. 
“Figure 3: Identification and segmentation of individual cells.  The NAD(P)H intensity image of MCF7 cells (A) obtained by integrating a fluorescence lifetime image. Cells were imaged using 750 nm excitation at 5 mW for 60 seconds. The x and y axis represent the pixel location of the image. (A) was used to identify individual cells. The cells were masked (B) in order to eliminate any background noise from the data set. The nucleus was then identified (C) and projected onto the cell mask (D). The cells were then filtered (E) to remove masked areas that do not fit the size of typical cells. “
[bookmark: _Hlk85441687]“Figure 4: Representative fluorescence lifetime images of MCF7 cells before and after cyanide treatment. (A) NAD(P)H amplitude-weighted fluorescence lifetime image and (B) FAD amplitude-weighted fluorescence lifetime image before cyanide treatment. (C) NAD(P)H amplitude-weighted fluorescence lifetime image and (D) FAD amplitude-weighted fluorescence lifetime image after cyanide treatment. The amplitude-weighted fluorescence lifetime (indicated by the color bar) measures the time a fluorophore, in these cases NAD(P)H and FAD, is in an excited state. NAD(P)H lifetime decreases with cyanide treatment, whereas the FAD lifetime increases after cyanide treatment. NADH signal was imaged using 750 nm excitation at 5 mW for 60 seconds and the FAD signal was imaged using 890 nm excitation at 7 mW for 60 seconds. Images acquired with a 40X water-immersion objective, NA=1.1. “

Reviewer #3:
Manuscript Summary:
The JoVE attempts to standardize a protocol for FLIM imaging of autofluorescence in order to guide the research field in metabolic mapping and profiling of cells. Both NAD(P)H and FAD autofluorescence detection procedures were demonstrated with excited state lifetime calculations to demonstrate shifts owing to the bound and unbound state of each respective metabolite. The use of cyanide to elicit a metabolic profile (e.g. glycolysis) was standardized. There was ample discussion of lifetime contributions including how alpha 1 parameter contributes to the proportional component of short vs long lifetimes i

Major Concerns:
None

Minor Concerns:
Will the calibration fluorophores used be reliable in terms of an absolute lifetime value as part of the two-step process?
We thank the reviewer for bringing up this question. The YG Bead fluorescence lifetime is stable over time provided that the beads remain in solution. We have included this in the protocol:
[bookmark: _Hlk85610037][bookmark: _Hlk85630260]“Check the lifetime of the bead, using the IRF of the urea.  The lifetime is stable over time and has a lifetime of ~2.1 ns.”

The protocol instructions could be somewhat hard to follow for those not familiar with cell segmentation. However the figures were well done and explained clearly.
We agree that the segmentation protocol might be hard to use for someone not familiar with CellProfiler. We have added more details to the protocol to allow the user to understand what the program does at each step. 
[bookmark: _Hlk85529789]
Additional explanation would be helpful in figure 4, which seems to show both short and long lifetimes of NAD(P)H both decreasing with cyanide treatment. ​Meaning elaboration on the "contributions" of the both short and long lifetimes increase (or decrease with FAD) for NAD(P)H with cyanide treatment would be helpful.
We thank the reviewer for this helpful comment. We agree that we should add what changes are seen as a result of the cyanide treatment. Figure 4 is a visual representation of how the overall lifetime changes as a result of cyanide treatment in both NAD(P)H and FAD. The NAD(P)H lifetime decreases as a result of cyanide treatment and the FAD lifetime increases as a result of the lifetime. This can also be seen in subsequent figures, particularly in Figure 6 and Figure 7.  Here is the revision we made:
“Figure 4: Representative fluorescence lifetime images of MCF7 cells before and after cyanide treatment. (A) NAD(P)H amplitude-weighted fluorescence lifetime image and (B) FAD amplitude-weighted fluorescence lifetime image before cyanide treatment. (C) NAD(P)H amplitude-weighted fluorescence lifetime image and (D) FAD amplitude-weighted fluorescence lifetime image after cyanide treatment. The amplitude-weighted fluorescence lifetime (indicated by the color bar) measures the time a fluorophore, in these cases NAD(P)H and FAD, is in an excited state. NAD(P)H lifetime decreases with cyanide treatment, whereas the FAD lifetime increases after cyanide treatment. NADH signal was imaged using 750 nm excitation at 5 mW for 60 seconds and the FAD signal was imaged using 890 nm excitation at 7 mW for 60 seconds. Images acquired with a 40X water-immersion objective, NA=1.1.” 

Reviewer #4:
This manuscript by the Walsh group provides a nice overview of NAD(P)H and FAD autofluorescence imaging with an emphasis on FLIM techniques. Overall, this is a good overall review of the method, and there are some minor issues that should be addressed:

1) Line 36, the authors indicate healthy cells generate energy through oxidative phosphorylation in contrast to cancer cells that rely on glycolysis. This oversimplifies the differences among cell types and phenotypes in healthy cells. Many healthy but proliferative cells will rely heavily on glycolysis too.
Thank you for this comment. We agree that our statement was an oversimplification of the metabolic pathways healthy cells generate energy from. We have removed the statement that healthy cells rely on oxidative phosphorylation:  
“Metabolism is the cellular process of producing energy. Cellular metabolism encompasses multiple pathways including glycolysis, oxidative phosphorylation, and glutaminolysis. Healthy cells use these metabolic pathways to generate energy for proliferation and function, such as the production of cytokines by immune cells.  Many diseases, including metabolic disorders, cancer, and neurodegeneration, are characterized by altered cellular metabolism1. For example, some cancer cell types have elevated rates of glycolysis, even in the presence of oxygen, to generate molecules for the synthesis of nucleic acids, proteins, and lipids2,3”

2) Line 48, it might help to clarify that Seahorse analyzers measure oxygen consumption rates.
We thank the reviewer for this clarification. We had to generalize this statement by omitting the Seahorse analyzer name to follow JoVE publishing guidelines. Here is the revision: 
[bookmark: _Hlk85441107][bookmark: _Hlk85624748]“Metabolic plate reader based assays can measure pH and oxygen consumption in the sample over time and following metabolic perturbation by chemicals”

3) Line 72, I believe the authors mean NADPH not NAD(P)H at the beginning of the sentence. As written, the sentence is very confusing.
We thank you for giving this distinction. We have reworded the sentence to help the readers better understand what we are trying to communicate. 
“NADPH has similar fluorescent properties to NADH. Because of this, NAD(P)H is often used to represent the combined signal of both NADH and NADPH 2,16.”

4) Line 88, the authors may want to use autofluorescence rather than autofluorescent.
We agree with the reviewer and thank them for this change. We have made the following change below.
“Autofluorescence imaging is a non-destructive and label-free method that can be used to characterize the metabolism of live cells at a subcellular resolution “

5) Line 89, the authors should define the optical redox ratio here when the term is first used.
We agree that the optical redox ratio should be more clearly defined when first mentioned. We have added an additional sentence that further explains the meaning. 
[bookmark: _Hlk85655279]“The optical redox ratio provides an optical analog metric of the chemical redox state of the cell and is calculated as the ratio of NAD(P)H and FAD intensities.  Although the formula for calculating the optical redox ratio is not standardized22-25, here it is defined as the intensity of FAD over the combined intensities of NAD(P)H and FAD.  This definition is used because the summed intensity in the denominator normalizes the metric between 0 and 1 and the expected result of the cyanide inhibition is a decrease in redox ratio.”
[bookmark: _Hlk84935312]
6) Lines 108-111, the authors should more clearly define peak excitation and emission and differentiate it from the broader range of reasonable wavelengths that can be used for NAD(P)H and FAD imaging. For example, NAD(P)H will excite below 740nm, and FAD will excite well below 890nm. This is important for readers to understand. The emission ranges are more clearly defined but the FAD wavelengths seem a bit red shifted.
We agree that NAD(P)H and FAD can be excited at a broader range of wavelengths and have made the following revision:
[bookmark: _Hlk85607952]“In two photon fluorescence excitation, NAD(P)H and FAD will excite at wavelengths of approximately 700 to 750 nm and 700 to 900 nm respectively 15,49.”

7) Line 157, the excitation wavelengths stated are not required. However, they may be recommended or optimal. This should be revised.
We agree with the reviewer’s suggestion. Although not required, the wavelengths used are recommended. We have made the edit for the user using the revision below: 
“Note: 750 nm excitation is recommended for NAD(P)H although it has broad absorption 700-750 nm.”
“Note: 890 nm excitation is recommended for FAD although it has broad absorption 700-900 nm.”

8) Lines 181-185, it is not clear why these parameters are listed. Why should the image size be 256x256 pixels? This seems arbitrary, and excessively coarse. Should the integration time always be 60s? Many groups use different times. Some more information on optimal detector gain should be provided too. What is optimal for photon counting may not be optimal for intensity measurements in the alternative method.
We appreciate this thoughtful comment and agree that there should be an explanation provided as to why these parameters are recommended. We use these parameters for our experiments in order to maximize image resolution while still obtaining them within a reasonable time. With larger image sizes, it will take longer to acquire the image since there are more pixels (for example, a 1024x1024 pixel images has 16x as many pixels and would require 16x the imaging time). Although recommended, these parameters are not required for the reader to use. We have clearly marked the parameters as recommended in the protocol and explained the trade-off between resolution and image size within the discussion. 
[bookmark: _Hlk85604913]“Additionally, image acquisition is relatively slow with a trade-off between the number of pixels or image resolution and image acquisition time.  The parameters recommended in this protocol of 256x256 pixels, 60 s integration time provide an image with reasonable resolution within about 1 minute. The user can choose to image smaller areas with fewer pixels or perform line scans to improve the imaging speed.  Alternatively, higher pixel images can be acquired with increased image integration times”
Yes, the optimal detector gain for photon counting may not be the same as what is optimal for intensity measurements. We included that the optimal detector gain might vary depending on the manufacturer. We have added this as a note to make it more clear to the reader. Here is the revision below:
“Note: There is an optimized detector gain for operating detectors in single-photon counting mode, for the system referenced the value is 85%. “

9) Some requirements for the laser source should be provided. What is the recommended power? Are there limitations for the acceptable pulse width and repetition rate? Is there a minimum time that one should wait between tuning the laser from 750nm to 890nm?
We have revised the manuscript (Discussion, page 16) to include requirements for the laser source.  Since low powers are needed for imaging (<10 mW at the sample), the laser output power is typically not a limiting factor.   
“The FLIM excitation requires a pulsed-excitation source with picosecond or femtosecond pulses at a repetition rate between 40 to 100 MHz with output power >50mW 61.” 
It is important to wait till laser is mode-locked after tuning to a new wavelength before imaging; however, the time for this to happen is typically very quick. We added this into the protocol. Here is the revision:
“Set the multiphoton laser to 890 nm and wait for it to mode-lock at the new wavelength. “

10) Does the IRF change daily, requiring urea measurements every time?
We thank you for commenting on this issue. In the lab, it is best practice to measure the IRF everyday. By doing so, we can ensure that the system is not changing in anyway and it operating correctly for measuring lifetime events. However, in reality the system should not change unless there are hardware or software alterations. 
 “When analyzing fluorescence lifetime images, either a measured IRF or a simulated IRF can be used. The simulated IRF is estimated from the upshoot of the fluorescent lifetime curve; however, the real IRF obtained from the system might be broader depending on the system and thus result in more accurate lifetime values. While the IRF typically only changes with hardware or software alterations, a daily IRF measurement is a good practice to ensure the fluorescence lifetime system is working as expected. “

11) A section on troubleshooting might be helpful. What if the bead lifetime is not 2.1 ns?
We agree that a troubleshooting section might be helpful to include throughout the protocol section. If the bead lifetime is not 2.1 ns, the following problems could have occurred:
· If beads are close to one another, quenching could occur and lower the lifetime
· If solution dries out, the lifetime can be different
· If beads are not in focus, scattered light might be appearing in the image
· A poor lifetime fit due to an unrepresentative IRF or IRF shift 

We have added this revision for the user:
“Check the lifetime of the bead, using the IRF of the urea.  The lifetime is stable over time and has a lifetime of ~2.1 ns.
Note: If the lifetime is not ~2.1 ns, check the following:
•	Bead is in contact with another bead contributing to fluorescence quenching
•	Bead solution has dried
•	Bead is out of focus 
•	IRF is not accurate or shift between IRF and fluorescence decay is not optimized [see Step 4.2.4.]

12) Line 231, is live cell metabolism sensitive to temperature and CO2 levels? Should a chamber be recommended?
This is a great point to include! The metabolism of live cells is sensitive to temperature and CO2 levels. An environmental chamber is recommended to the user because the chamber can simulate conditions within the body, such as body temperature and oxygen. 
We have included this as a note. Here is the revision below:
[bookmark: _Hlk85803219]“Note: It is recommended that the cells be placed in an environmental chamber to maintain heat, humidity, and CO2 levels during image acquisition, as these parameters can influence cellular metabolism.”

13) Line 296, I would think the peak number of photons on the decay trace would depend on many things including the IRF. Does 100 photons really work as a minimum requirement for most systems?
Yes, the peak number of photons depends on many system variables including the IRF and number of time bins. We’ve added a note to the protocol to address this concern: 
Note: The minimum peak number of photons within the fluorescence exponential decay is dependent on system parameters including temporal resolution, IRF, and background noise.   

14) Line 300, why are four-five additional FOVs needed? Doesn't this number depend on the experimental design and effect size? This comment applies to other sections too.
This is recommended parameter that typically provides enough data at both the image and cell levels to resolve the expected changes with cyanide. However, the user can acquire more if so desired or complete a preliminary experiment for mean and standard deviation values to calculate the required n (number of images or number of cells) for a given experiment.  These considerations have been added to the discussion.  
[bookmark: _Hlk85632640][bookmark: _Hlk85444019]“The protocol recommends 5-6 images of different fields of view be acquired from each experimental group as this sample size provides sufficient data at both the image and cell levels to resolve the expected differences in fluorescence lifetime parameters of confluent MCF7 cells due to the cyanide perturbation.  The optimal number of images acquired per group depends on the experimental design and effect size.” 

15) Are there any safety considerations for working with cyanide?
We thank the reviewer for bringing this to our attention. There are safety precautions when working with cyanide. We made to sure to add a caution notice when cyanide is first introduced in the protocol section of the paper. Here is the revision below:
[bookmark: _Hlk85632721]“CAUTION: Cyanide is toxic. Wear appropriate personal protective equipment.”

16) Line 479, can the authors describe how to calculate an optical redox ratio? What software is used?
The redox ratio for fluorescence intensity imaging is calculated from the NAD(P)H and FAD intensity images through the formula FAD/ (FAD+NAD(P)H) computed at each pixel.
Image math can be performed in a variety of software packages including ImageJ/FIJI, CellProfiler, Matlab, or Python. 
We have added a generalized protocol for the image analysis in the section titled “Fluorescence Intensity” in the protocol:
“
5.4.	Image Level Redox Ratio Data Analysis

5.4.1.	Open the NAD(P)H and FAD intensity images in an image processing program.

5.4.2.	Set a threshold on the NAD(P)H to retain cytoplasm pixels and 0 background and nucleus pixels.

5.4.3.	Calculate the redox ratio image by evaluating the equation FAD/(NAD(P)H+FAD) at each pixel using the thresholded NAD(P)H image.

5.4.4.	Calculate the mean value of the non-0 pixels.

Note:  These steps can be performed in an image analysis software or coded directly with scripts.

5.5.	Cell Level Redox Ratio Analysis

5.5.1.	Follow Protocol Steps 4.3.1-4.3.12 to obtain a mask image of the cells within each NAD(P)H image.

5.5.2.	Calculate the redox ratio image by evaluating the equation FAD/(NAD(P)H+FAD) at each pixel.

5.5.3.	Using the cell cytoplasm mask, average the redox ratio for all pixels for each cell within the image.
“
