Dear Editor Dr. Larissa Jarzylo, 

herewith enclosed we are sending the paper by Vassalli M. et al. "Measurement of the tension release during laser induced axon lesion to quantify axonal adhesion to the substrate with picoNewton and millisecond resolution" (Ms # 50477), which has been revised according to reviewer suggestions. You can find attached to this communication a detailed response to reviewer concerns. 

Thank you for the prompt and thorough processing of our paper.

We hope that the paper, in this new form, will be evaluated for publication in JOVE.

Yours sincerely,

Francesco Difato
Italian Institute of Technology 

Via Morego 30,  16163, Genoa, Italy 

Tel.: +39 011 78718739;  Fax: +39 011 78718 230; 

E-mail: francesco.difato@iit.it

Reviewers' comments:


Reviewer #1: 


Major Concerns:

- The authors claim in the abstract that the described method "offers a quantitative method to study how the mechanical coupling between cells and substrates can be modulated by pharmacological treatment and/or by distinct mechanical properties of the substrate"; in the short abstract: "The developed experimental protocol quantifies the axon adhesion to the culture substrate"; in the main text, pag. 2: "Since, the release of tension induced in the lesioned axon is dampened by the unaffected cellular focal adhesions, we can obtain a quantitative parameter to compare the adhesion of the axon to the substrate in different experimental conditions"; end of text before figure legends on pag. 7: "The release of tension after axonal lesion is dampened by focal adhesions on the substrate, thus higher tension release value means less adhered axon to the substrate"; beginning of discussion, pag. 8: "We report in this work a quantitative method to measure the neurite adhesion to the substrate culture". All such claims are not supported by experimental data in the present article. Are the authors referring to experimental results found in the literature? All such claims cannot be stated without experimental demonstration that there is a direct dependence between the strength of axon adhesion to the substrate and the measured tension release after laser axotomy. Also the title should be changed, for example by removing "to quantify axonal adhesion to the substrate".
We changed the title and we included explicit reference to a paper in which those aspects are theoretically described and experimentally confirmed, showing that the propagation of forces, applied on a neurite, is  dampened by focal adhesion to the substrate. We exploited such model to interpret our data (description is provided in introduction section). In a previous published article (reference 14), we already showed that the change of neurite adhesion can be measured, when treating neurons with the neurotrophic factor BDNF.


- The authors should provide reference to previous works, where applicable, and clearly indicate which results are new (unpublished) and what refers to previous studies. For example, they do not cite their previous article by Difato et al., "Combined optical tweezers and laser dissector for controlled ablation of functional connections in neural networks", J Biomed Optics vol 16 pag 051306 (2011). This article should be cited, since some of the methodologies reported in the manuscript were already reported in that article. For this reason, the authors cannot state that "To the best of our knowledge, this is the first report of simultaneous force spectroscopy measurement during laser induced cell lesion" (first paragraph of the discussion, pag.8). 
We included the suggested reference to our previous work, and we removed the sentence: “To the best of our knowledge, this is the first report of simultaneous force spectroscopy measurement during laser induced cell lesion” that was misleading. In the manuscript, we report a detailed description of the experimental procedure previously published, and we clarify this point in the last paragraph of the Introduction section.

 The protocol lacks important details that should be specified:
1) end of pag. 2: the authors should clarify how the two feedback loops work. What does it mean internal and external loop? If the feedback on the piezo stage keeps the bead at constant distance from the trap center, the feedback works in force-clamp regime. What does it mean that the feedback on the motorized stage works synergistically with the feedback on the piezo stage?
We added an overview on how the two feedback loops work, and we provided the references to a paper in which a detailed description of the system is reported. 
2) pag. 5, point 4.4 and 5.1: in point 4.4 the authors state that the measurement is performed under force-clamp (by moving the piezo actuator), unless the system is not equipped with force-clamp and a position measurement using z QPD signal is performed. However, in point 5.1 and below, they refer only to QDP measurements. Why? What to do in case of force-clamp measurement? How do data look like and how they should be interpreted?
We used the force-clamp system to reposition the laser-trapping center on the bead attached to the cell membrane. Then, we switched-off the force-clamp and performed force measurement in position clamp condition. A more detailed description of the procedure is provided in protocol steps 6.4 to 6.7
3) pag. 5, point 5.3: "Thus, the decrease of Brownian motion detected immediately after axotomy is an effect of the increased membrane viscosity due to its strain.". What does it mean? In case there is a decrease in the signal variance, there must be an increase in the stiffness of the system. Please clarify this point.
The Brownian motion of the bead is reduced by optical forces and adhesion forces to the cell membrane. When the membrane tension is released upon axotomy, the abrupt rearrangement induces an increase in the viscosity of the lipid layer, and thus the Brownian motion of the trapped bead start decreasing. We explain this point at protocol step 7.3, and we provide a reference to a similar literature approach.

4) pag. 5, point 5.4 and pag. 6, point 5.5: t0 and t1 are not well defined. t0 and t1 are qualitatively defined, not quantitatively. This means that the quantities whose definition is based on t0 and t1 (Freleased) are ambiguously defined. Can you provide a quantitative definition for t0 and t1? Moreover, such definition assumes that the signal variance after axotomy always follows the same behavior. Is such behavior always reproducible, or which frequency and types of behaviors are observed?
We defined t0 and t1 by visual inspection of the total variance trace. We defined t0 where we observe a clear decrease of the variance, and t1 where the decrease reaches a plateau. After the plateau, we observe a recovering of the Brownian motion due to membrane relaxation after tension release. Force spectroscopy measurement during axonal lesion allows to acquire Brownian motion of the bead with high temporal resolution, and thus calculating the variance of the bead motion (video imaging does not provide the same temporal resolution). We were able to observe that the release of tension does not start immediately after laser axotomy, and the membrane relaxation after the variance decrease reaches a plateau (see the new version of figure 3). The proposed protocol is a precise task of optical manipulation of a neuronal process requiring a high degree of control. However, we report in the new figure 5 a statistic of 26 experiments. The behavior of variance decrease is observed when a small pretension is applied on the attached bead as explained in protocol step 6.6.  
5) pag. 6, point 5.6: How drift in the sample is measured from debris or scratches on the coverslide? Please provide details of experimental procedure, algorithm and accuracy of tracking.
We provide the description in protocol step 7.6

3) pag. 4, point 3.3: please specify in what direction the IR laser spot is moved with respect to the UV spot.
We described now the procedure in step protocol 5.3.

6) pag.6, end of first paragraph of "representative results": "the bead attached to the cell membrane, held in an optical trap, measures the undampened release of tension". What does it mean "undampened release of tension"?
The word “undampened” (misspelled for undamped) referred to the absence of cytoskeletal dampening effects. The sentence has been recast to clarify the concept.

11) Pag.8, 3rd paragraph: "a slow phase that could last few minutes". However, the authors only show a trace lasting for 20 s. Please provide experimental evidence for this sentence.
We corrected the sentence referring to the experiment shown in figure 3. We provide the reference of our previous work where we reported such experimental observation.

12) Pag.8, 3rd paragraph:"In future, a better approach would be to cancel stage drift with a feedback loop, which auto-corrects the microscope stage position by interferometric tracking of a bead attached to the cover glass. This type of configuration, already reported in literature, requires a second laser beam centered on the attached bead, and ensures stage stabilization with sub- nanometer precision17.". There are also simpler methods that do not require a second laser beam and ensures sub-nanometer stabilization. For example, video tracking of a bead attached to the coverslide (Capitanio et al., J. Eur. Phys. J. B vol. 46, pag. 1-8 (2005)).
We thank the reviewer for pointing out such simpler methods that were mentioned in the text along with the appropriate reference.

13) Fig. 3a, right panel: please indicate t0 and t1 on the time axis.
We indicated t0 and t1 on fig. 3a, right panel.

Minor Concerns:
We thank the reviewer for careful reading of the paper. All minor concerns and suggestions were adopted in the new version of the text.


Reviewer #2: 


Major Concerns:
1.) Figure 2b shows a displacement curve recorded using an interferometer. What is the displacement range of the interferometer? Is it possible to detect a displacement larger than a half-wavelength? The curve shows the measured displacement is around 500 nm.
We have a linear range (volt/nm) in the x and y axis of about 400 nm, and in z direction of about 1 μm. 

We provide here, the calibration curves obtained by scanning the laser-trapping beam on bead attached to the coverglass:
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Blue and red traces represent respectively the x and z directions. The bright blue shadow marks the linear range. Standard calibration curves are reported here for reference, but not included in the text.

2.) Item 7 of Step 5 of the protocol states that the drift is subtracted from the displacement data. Is it possible to subtract drift/disturbance directly? That should be valid only when the displacement and the noise is correlated. It will be better if this point is clarified.
As better clarified in protocol steps 6.4 to 6.7, we are performing position clamp experiment, thus the stage is held in a fixed position and any further low frequency displacement is only associated to thermal drift, also influencing the measurements, that can be directly subtracted. 

1.) Protocol Step 1 states the lasers used for the setup. It will be better to state the requirement on power levels of the lasers employed for the setup.
We included the average power of the trapping laser in the legend of figure 2.

2.) What is the spot size of the trapping beam? How sensitively should the spot size be controlled?
The spot size of the trapping beam depends on the quality of the laser beam (i.e. M2 factor, polarization, and laser wavelength), its collimation at the pupil entrance of the microscope objective, and on the NA of the microscope objective. In our system, we have all these parameters fixed and we measured about 900 nm spot diameter. When we project a hologram on the SLM, we introduce some spherical aberration, which could slightly enlarge the spot size. However, we calibrate the optical trapping stiffness before each experiment to take into account such aberrations as explained in discussion section.


Reviewer #3: 


Major Concerns:
The quantification of cell adhesion is obtained by the measurement of the tension released after partial lesion, but this tension is proportional to the amount of lesion induced on the axon, the more cytoskeleton is disrupted, the more tension is released. Therefore, whenever it is going to be evaluated the adhesion force for different pharmacological treatments versus the controls, I see a potential problem comparing these populations. The authors should justify better this point.
We clarified the raised issue, at the end of representative results section, and we added a figure (figure 5), showing the tension release dependence on delivered energy and neurite contact area.

Minor Concerns:
We thank the reviewer for careful reading of the paper. All minor concerns and suggestions were adopted in the new version of the text.


Reviewer #4: 


Minor Concerns:
1.) The long abstract included in the text ant the abstract in the cover page should be identical.
We followed the template article of JOVE journal.


2.) the numbering of the protocol section is confusing: after paragraphs 1,2,3,4 the text comes back to 3; the sub-numbering of any paragraph should be possibly clearly different from the main numbering (e.g. 4.1 4.2).
We apologize for the mistyping; we corrected the numbering of protocol steps.


3.) The authors claim that they are reporting the first experiment of force measurement during laser induced cell lesion; even if their set-up is innovative, similar approaches were tested in literature (see e.g. J.Scrimgeour, E.Eriksson, M.Goksör, Methods in Cell Biology 82:629-646, 2007) and some additional comment and comparison with literature should be included.
We added the reference to the suggested work, and we include a work of Martin Berns published on the same Journal book series (reference 8). We mentioned two times in the papers (in introduction and discussion sections) that several laboratories integrated, in the same experimental setup, optical tweezers and laser dissector. We proposed as an achievement the simultaneous force spectroscopy measurement during laser ablation procedures. However, we removed from the text our misleading claim as first experimental report of the protocol. 


