Dear Dr. Nguyen,

Please find attached the revised manuscript, JoVE62268 "A time-efficient fluorescence spectroscopy-based assay for evaluating actin polymerization status in rodent and human brain tissues," with the suggested additions and changes for both the text (in track-change mode) and the video. 

Please also find attached below the rebuttal addressing each of the editorial and peer review comments individually. 

Sincerely,

Faraz Ahmad

 

Editorial and production comments:
Changes to be made by the Author(s) regarding the written manuscript:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Response:
We have revised the manuscript thoroughly in this respect and rectified the errors.

2. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
Response:
We have now included these additional information (see lines 109-114).

3. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?
Response:
We have now included these additional information.

4. 1.2: What concentrations of what are used?
Response:
We have now provided the concentrations used (see lines 126-127), which was according to the vendors’ instructions.

5. 2.1: For how long? To what end point?
Response:
We have now included these additional information (see lines 152-154).

6. 2.2: Please provide a reference here.
Response:
We have now included the reference as suggested (see line 155).

7. Please specify the volumes used for the washings.
Response:
We have now specified the volumes used for the washings as suggested (see line 262).

8. Please specify all volumes used throughout.
Response:
We have now specified all volumes used throughout as suggested.

Changes to be made by the Author(s) regarding the video:
1. Please increase the homogeneity between the video and the written manuscript. Ideally, the narration is a word for word reading of the written protocol.
Response:
We have now increased the homogeneity between the video and the written manuscript as suggested and also made it more coherent with the main Figures 1-5.

2. Please identify all speakers with on screen text.
Response:
We have now done this.

3. The video says the cells were from rats or human. Please provide an ethics statement regarding the usage of both cell types in the video and the written manuscript.
Response:
We have now included the ethical information in the text and video as suggested.

4. Video
• Fade up from black at beginning of video
• Fade to black at end of video
• No cross-dissolves or fades have been used. Consider using dissolves to smooth transitions between clips within sections, and consider using fades (fade to white or black) to smooth transitions between sections.
• 03:37 - Edit out white frames
• 04:08 - Edit out white frames
• Please remove the entire shot of the commercial product: AlexaFluor
• 04:39 - There is a short clip that has been looped to fit the VO. Consider making this a still frame image or shooting a replacement clip.
• 05:24 - Give a second of pause between sections V and VI.

Response:
We have edited the video as suggested. 

5. Audio
• Audio gain needs to be reduced by 6db
• Edit out any mouth clicking noises at the start of sentences.
• 04:43 - Sound of rustling paper is heard, edit this out.

Response:
We have edited the audio as suggested and hope it is fine now.

Reviewers' comments:
Reviewer #1: 
The authors of this manuscript have developed a method to assess polymerization status of actin in ex vivo conditions. In the assay, F-actin is labelled by Phalloidin tagged with Alexa Fluor 647. The fluorescence intensity correlates with the used amount [µU] of Phalloidin-A647 (Fig.1) in unbound liquid phase. Therefore, measuring changes in fluorescence intensity of different Phalloidin-AF647 stained samples is directly correlated with amount of labelled F-actin.
In principle, this is an interesting protocol and method which could help to analyze actin dynamics in samples with a medium throughput. However, there are some limitations:
1. The assay is clearly limited to low protein concentration samples since binding saturation occurs fast. Authors state that linearity of the read-out occurs between 50 and 200 µg of protein (Fig. 2B). However, the fitted data for a broader range (Fig. 2A) show that fluorescence at higher values is already becoming saturated. Authors use 500 µU for each sample. Highest amount of binding seems to be at 100 µU in the samples used (Fig. 2A, Fig.4A-B). 
Response:
For our tissue type of interest (brain), the linear range of phalloidin retention (when its starting amount is 500 µU) is 50-200 µg. For the 50 µg sample, there may be more prominent variations in retention of the samples (lines 283-284). Hence, we suggest a working range of 100-150 µg of protein (Fig. 2B) for the assay for which 500 µU phalloidin is not limiting. Specifically, we used 100 µg for synaptosomes/synaptoneurosomes and 150 µg for homogenates mainly because of the lower yields of synaptosomes compared to homogenates and also because we expected to observe a decrease in the homogenate (treated with latrunculin A compared to mock treated samples) and an increase in synaptosomes (treated with KCl compared to mock treated samples). For other tissue types, optimal sample amounts and phalloidin concentrations should be determined. 

The reviewer stated that “the assay is limited to low protein concentration samples”. In fact, higher amounts of protein (even for brain samples) can be assessed using higher starting concentrations of phalloidin. Because human brain tissues are precious, we standardized the assay with the lowest amounts of samples without affecting the robustness of the assay (100-150 µg protein with a starting 500 µU phalloidin per sample). We have indicated this now in lines 266-268.

Further, for post-mortem human tissue authors did not check binding of phalloidin-A647 for the whole range of protein amount (0-300µg) (Fig. 3A). This leads to the proposed linearity of the assay which is in fact probably in the saturated range.
Response:
We did not test the higher amounts of proteins because human tissues are precious. However, upon the reviewer’s request, we now checked the binding of phalloidin-A647 for the whole range of protein amount (50-300µg) of post-mortem human tissue (see lines 306-308 and lines 374-378), and present the new data in Fig. 3. Our data indicate binding efficiency of phalloidin in human homogenates is similar to rat brain homogenates.  

2. The amount of protein used was determined by measuring light scattering at 540 nm. Of note, protein concentration determination at 540 nm with spectroscopy is done using the Biuret approach. Is this what they did?
Response:
No, we just measured the absorbance of the samples at 540 nm. Light scattering at this wavelength depends on the turbidity of the samples, representing a relative measure of sample amounts. We have retained this method for relative assessment of sample content of the fixed samples from the publication (Bernstein and Bamburg 1989, Neuron, 3:257-265) from which this study is modified from. Normal assays for protein assessment such as Biuret or Bradford may not optimally work in glutaraldehyde-fixed samples because of the presence of excessively cross-linked proteins. We have also removed ‘proteins’ in the results section (see lines 310-311), figure legends (see lines 370-371 and 377) and discussion (lines 531-532) to avoid this confusion.
  
3. For the proof of principle, authors treated rodent and human samples with Latrunculin A, a strong actin depolymerizing drug and measured decrease of bound phalloidin-A647. Again, authors can show binding of phalloidin-A647 to F-actin in control and treated conditions (Fig. 4A+B). However, the biological mechanism for decrease in phalloidin-A647 binding is unclear. It is not clear whether the same amount of protein has been used for both conditions. Furthermore, to state the biological effect of Latrunculin A, a more suitable control, e.g. measuring whole actin (F+G) and calculating the fraction (F/(F+G)) is necessary.
Response:
We indeed used the same amount of material and incubation time for the respective treated (with latrunculin A) and untreated (with same volume of DMSO) samples. This has been clarified in the text now (see lines 160-164, 316-317 and 382-383). Please note that upon the request of reviewer 3, we have repeated the experiments and have new data with increased number of experimental pairs for Fig. 4.

Furthermore, to state the biological effect of Latrunculin A, a more suitable control, e.g. measuring whole actin (F+G) and calculating the fraction (F/(F+G)) is necessary. 
Response:
We have now done this experiment and added the data showing no effect of latrunculin A treatment on total actin levels in homogenates (Supplementary Fig.1). Please note that for this experiment involving immunoblotting, we have taken a small amount (10g) of the samples just after latrunculin A treatment, prior to fixing (see lines 163-164). 

Moreover, F-actin could be lost due to preparation of samples. If it is not possible to measure G-Actin, samples have to be treated exactly the same way during preparation and have to measured in parallel.
Response:
The experiments were done exactly as the reviewer indicates. Please see the response above and clarifications in lines 160-164, 316-317 and 382-383.

In this case, authors need to use a paired Students t-test instead of an unpaired t-test.
Response:
We thank the reviewer for pointing this out. We have now analysed the results using paired tests as suggested (lines 384-385). 

4. The assay does work for specific isolated cellular fractions. Authors show in depolarized rodent synaptosomes and human synaptoneurosomes an increase of bound Phalloidin-A647 (Fig. 5A+B). Normalization in this experiment is completely different to normalization before. Authors set amount of bound phalloidin-A647 in controls to 1 and calculated amount of bound Phalloidin-A647 in treated samples as a ratio to the control. The amount of analyzed synaptosomes/synaptoneurosomes or protein amount should be measured to calculate the amount of F-Actin (same as for Fig. 4).
Response: 
We have now added the new analyses in the absolute units of phalloidin bound (Supplementary Fig. 2) as requested. Please note that upon the request of reviewer 3, we have repeated the experiments and have new data with increased number of experimental pairs for Fig. 5.   

Minor point:
Typos in figure labelling
Response:
We thank the reviewer for pointing this out. The errors have now been amended.

Reviewer #2: 
Manuscript Summary:
The authors wrote a manuscript and produced a video on a quick and efficient fluorescence spectroscopy-based assay for evaluating actin polymerization status in brain tissue. They used this method in their published papers. The manuscript is well written, fluent and solid. The aim is decent. I also reviewed the video produced by the author. It is clear, easy to understand and accurate. Time in the video is associated with comments.

The authors report a fluorescence-based method to evaluate the polymerization status of actin in rodent and post-mortem human brain tissue homogenates. They demonstrate how to prepare synaptosomes and synaptoneurosomes, then depolarize the isolated synaptic terminals by KCl. After fixation, label the samples by fluorescent phalloidin. The fluorescently labelled phalloidin binds to F-actin, to provide a direct measurement of polymerized filamentous actin. F-actin levels in the samples are directly proportional to the fluorescence intensity of bound phalloidin. By using the drug latrunculin A that depolymerizes actin filaments, they showed that this method could detect changes in F-actin levels. They demonstrated an easy, fast assay for analysis of F-actin, and its alternations in physiological and pathophysiological states suitable for small amounts of samples.

The title and abstract is appropriate for this methods article. However instead of 'rodent and human brain tissues' only 'brain tissue' could be written.
Response:
We thank the reviewer for the time and efforts in assessing our work. We would like to keep the title as such, because we want to emphasize that our technique is suitable for measuring F-actin changes in homogenates and synaptosomes of human post-mortem brain tissues. This is essential because of the challenges associated with studying physiological processes such as actin dynamics using other methods (e.g. immunocytochemistry) in post-mortem brains of human subjects.

All the materials needed are listed in the manuscript.

I think, the steps listed in the procedure would lead to the described outcome.

The listed steps in the procedure are clearly explained, and I do not think any important steps are missing. The critical steps are highlighted.

Controls are included in the procedure. Representative results are given, and they are useful to readers.

My concerns are listed below:

The reference 'Ahmad F, Liu P. Synaptosome as a tool in Alzheimer's disease research. Brain Res. 2020 Nov 1;1746:147009. doi: 10.1016/j.brainres.2020.147009.' provided in the video is not given in the manuscript. Please add.
Response:
We thank the reviewer for pointing this out, and have now added the reference (line 331; ref 41). 

Please provide the concentration for the mix of protease and phosphatase inhibitors.
Response:
We have now provided the concentrations used (lines 126-127). 

In literature, it is seen that cold methanol is also used for rapid F-actin fixation. The sentence in line 361, 362 'For example, methanol fixation alter native F-actin conformation and hence should be avoided.' could be modified.
Response:
We agree with the reviewer that methanol is widely used as a fast fixative for F-actin. Since we have not ourselves tested its efficiency, we feel that it is better to remove the sentence. 

The sentence 'Of note, recent studies indicate alterations in neuronal actin cytoskeleton as a key pathological event in a wide range of neuropathologies, including ageing-related neurodegeneration and neurodevelopmental diseases.' should be deleted from the abstract. It could be given in the introduction or discussion with its reference.
Response:
We have removed in this sentence from the abstract as suggested. We already had this information in the introduction (lines 74-77).


Reviewer #3: 
Manuscript Summary:
The manuscript describes a fluorescent based technology to assess polymerisation status of actin extracted from brain tissue. This technic used fluorescent labelled phalloidin that selectively binds to filamentous actin to obtain a quantitive measure of the presence of F-actin in tissue. The protocol is well described with a step by step procedure that will be very useful for the reproduction of this assay. The pharmacological characterisation of the presence of increasing levels of F-actin in neurosynaptosomes exposed to depolarising conditions is convincing. The authors are ranging the level of polymerisation that has been described in living tissue in similar conditions.
Response:
We thank the reviewer for the time and efforts in assessing our work and the positive comments. 

Major Concerns:
The relative modest effect of latrunculin (-25% of F-actin), a drug that should fully depolymerised filamentous actin in cell culture is puzzling. The authors should explained this discrepancy with previous results using similar pharmacological compound.
Response:
Depolymerization of F-actin is highly concentration dependent (Fujiwara et al. 2018, Current Biology, 28:3183-3192. In this study, we used a concentration of 2 M latrunculin A, which has been shown to reduce F-actin levels only modestly (20-30% decrease) in synaptosomes (Wolf et al. 2015, Cerebral Cortex, 25:2863-2875). In neuronal cultures also, a modest decrease in F-actin (phalloidin staining) was also seen even after prolonged incubation with 2.5 M latrunculin A (Zhang and Benson 2001, Journal of Neuroscience, 21:5169-5181). On the other hand, much more prominent loss of F-actin is seen in neuronal colures treated with higher dose of latrunculin A (for example 10 M; Merriam et al. 2013, Journal of Neuroscience, 33:16471-16482). Of note, previous studies and our own unpublished results have indicated that even lower concentrations of latrunculin A (100 nM, for example) do not alter the basal F-actin levels at all, but only inhibit the formation of new F-actin (Gu et al. 2010, Nature Neuroscience, 13:1208-1215; Yang et al. 2008, Proceedings of the of National Academy of Sciences of the USA, 105:11388-11393).
  

Minor Concerns:
The statistic test used are mostly paired t-test. Because of the relative small number of values analysed, I will be more confortable with non-parametric tests.
Response:
We have now repeated the experiments and increased the sample size to 6 pairs and the new data are presented in Figs. 4 and 5, and hope that the use of paired t-test is now justified. We have also assessed statistical significance using Wilcoxon matched-pairs signed rank test for the data and found that it also gives similar statistical difference between the groups.  

It will be interesting that the authors justify the use of 645 nm wavelength to measure phalloidin binding.
Response:
The absorption maxima of Alexa Flour 647 phalloidin is at 645-650 nm and emission maxima at 668-671 nm. We chose 645 nm as the absorption wavelength and 670 as the emission wavelength. This allows a 25 nm difference between the two wavelengths that is suitable for some plate readers such as the one that we used (SpectraMax® i3x).

