Reviewers' comments:
We thank the reviewers for their instructive and constructive comments and suggestions, which have significantly improved the quality of our manuscript. Each comment was addressed by us and appears in the revised manuscript as follows:

Reviewer #1:
Issue 1: More than half of the protocol is how to culture and plate cells to perform microscopy. This protocol is standard in most labs.
We appreciate the reviewer's note on this issue. In their instructions for authors, JoVE specifically requires "a detailed description to enable the accurate replication of the presented method by both experts and researchers new to the field." Moreover, some of the editorial comments for this manuscript specifically required more details about cell plating and culturing that we provided accordingly.

Issue 2: The most interesting part might be the analysis. However, also this part provides no novelty at all. The method has been well documented (there are plenty of YOUTUBE movies on the internet with stepwise instructions) and publishing such a method via JoVE seems excessive (also the plugin for ImageJ exist already for a long time).
We understand the reviewer's concern about this issue. Indeed, the method of cell-edge protrusion dynamics measurement was developed some time ago and was used by our groups and others in several past publications (for example, Bear et al., Cell 2002, PMID: 12086607; Miller et al., JCB 2004, PMID: 15138293; Bryce et al., Current Biology 2005, PMID: 16051170; Lapetina et al., JCB 2009, PMID: 1941460; Miller et al., Biochemistry 2010, PMID: 20146487; Lukic et al., MBOC 2021, PMID: 34432482). However, a single well-resourced detailed, and updated description of the method has not been published within the past 22 years, neither in the materials and methods sections of these papers nor as a methods paper. Therefore, scientists that wish to learn this approach had to visit labs that use this method. The primary aim of our detailed step-by-step methods manuscript is to enable these scientists to use the technique in their laboratories. Moreover, as this is also the primary goal of JoVE, we were specifically noted by the editor that novelty is not a requirement for publication in this journal.

Issue 3: points 4.1 - 4.3 are unclear despite the images provided. It is not clear how one places the lines correctly (length, angle) and whether one needs to press reslice for each and every line or whether there is a bulk reslice for all of the lines that can automatically generate the images in a certain sequence.
We thank the reviewer for this constructive comment and apologize for the unclarity. Eight lines of 20 arbitrary units each, including the lamella and cell edge, are placed in a radial arrangement every 45 degrees. Each line is analyzed separately, so the "Reslice" command should be pressed for every line. These details have been added to the "Image analysis" section of the protocol (section 5, points 5.2 and 5.3; lines 215-221 in the revised manuscript).




Issue 4: The discussion is not inspiring. The kymograph analysis can be used in so much more inspiring ways (e.g., fluorescence profiles over time etc.). Instead, authors just describe the use of it for the simplest phase-contrast analysis for cell edge ruffling during cell spreading.
We thank the reviewer for this insightful comment. Indeed, kymography analysis could be used for many more applications than mentioned in our manuscript and with fluorescence microscopy as well. Such applications are described in detail elsewhere, such as Doggett and Breslin, JoVE 2011 (PMID: 22126853). The authors describe kymography analysis of actin stress fiber dynamics and turnover in GFP-actin transfected HUVEC cells. Our manuscript describes a fast and cost-effective method that can be used as a primary method for testing cytoskeletal dynamics related to cell motility, which can assist scientists in deciding whether to perform more resource-demanding techniques and to test the effect of genetic manipulations of cytoskeletal proteins quickly. Following this reviewer's comment, we have now added a note on the different applications of the kymography assay and the above example in the discussion (lines 364-369 in the revised manuscript). 

Issue 5: The provided movie does not open in Quick Time Player.
We apologize for the inconvenience. In the instructions for authors, JoVE specifically requires movies to be uploaded in .mov, .mp4, or .m4v formats. We have provided the movie in .mov format, which should open in QuickTime player. In our revised version, we have added a .mp4 version of the movie to overcome such difficulties that may occur to the readers.



























Reviewer #2:
Issue 1: In the title and the abstract, it should be specified that the measurements are performed in the spreading phase: I suggest extending the phrase "protrusion dynamics" into "protrusion dynamics during spreading" or something similar (line 33). This has been adequately stated, e.g., in the one-sentence summary.
We are thankful to the reviewer for this thoughtful comment. Indeed, the measurements described in our methods manuscript are performed in the spreading phase. However, a similar analysis could be performed at the edge of migrating cells (which is less common).
Based on this comment, we have now changed the title of the manuscript to read:
"Measuring cell-edge protrusion dynamics during spreading using live-cell microscopy."
We have also modified the sentence describing the method in the abstract into the following: "...imaging and quantitative analysis of cell-edge protrusion dynamics during cell spreading". We have also mentioned, in the discussion section, that although our manuscript describes measurements during cell spreading, this method could be applied to migrating cells as well, as was performed, for example, in the original method that was modified by us (Hinz et al., Experimental Cell Research 1999, PMID: 10438589) and in Bear et al. (Cell 2002, PMID: 12086607) (lines 379-381 in the revised manuscript).

Issue 2: The sentence starting with "The assay is an instructive model for exploring actin dynamics..." is not clear; please reformulate (lines 75-76).
We thank the reviewer for this thoughtful note. Indeed, the cell edge protrusion assay is not limited to measuring actin dynamics, and more cytoskeleton components and processes, in addition to actin, are necessary for regulating protrusions. As requested by the reviewer, the sentence has been changed to: "The assay is an instructive model for exploring cytoskeletal dynamics in the context of cell migration and could be used for elucidation of the mechanisms and molecules underlying cell motility" (lines 94-96 in the revised manuscript).

Issue 3: The noun "plate" is used ambiguously to designate the glass-bottom dishes used for microscopy, and the plastic cell-culture dishes (or plates) used to cultivate the cells. Please review the text and introduce a unified designation.
We are grateful to the reviewer for drawing our attention to this issue. As requested by the reviewer, we have revised the protocol section to distinguish between cell culture plates and glass-bottom dishes.

Issue 4: Instead "Image cells using 40X dry lens in phase light" write "Image cells by phase-contrast light microscopy using a 40x dry objective" (line 135).
We are thankful to the reviewer for this comment. This part has now been revised into new section 4 (microscope setup and imaging).

Issue 5: Line 169: does 10 cm refer to the diameter of the dish?
We thank the reviewer for drawing our attention to this point. Indeed, 10 cm refers to the diameter of the cell culture plate. Following the reviewer's comment, we have now changed the text to read: ".....0.7x106 MEFs were plated in a 10 cm diameter cell culture plate...." (line 270 in the revised manuscript).


Issue 6: Line 204: ...live imaging is performed by phase-contrast light microscopy.
We thank the reviewer for this comment. The text was corrected as suggested by the reviewer (line 309 in the revised manuscript).

Issue 7: Line 220: Time-lapse phase-contrast video microscopy...
We thank the reviewer for this comment. The text was corrected as suggested by the reviewer; additionally, the figure legend was revised to become more detailed (lines 338-340 in the revised manuscript).

Issue 8: Table of materials: Is 664160 a company? What is Cellstar? 
Do the glass-bottom dishes have a 1.5 mm thick glass bottom (hint: they don't)? 
For performing experiments described in this study, an inverted bright field microscope equipped with phase-contrast optics is needed!
We appreciate the reviewer's notes on these points and sincerely apologize for these errors in the materials table. All errors have been corrected in the table as suggested by the reviewer; all changes appear in red within the revised table.

Issue 9: A description of Figure 2E is lacking.
We are grateful to the reviewer for drawing our attention and apologize for this error. Following the reviewer's note, we have now added a legend to Figure 2E (lines 316-320 in the revised manuscript). 

Issue 10: Finally, whereas the author used their measurements to quantify the frequency of the occurrence of protrusions and retractions during cell spreading, it should be mentioned that the speed of protrusions and retractions can also be easily calculated from the slopes of the corresponding features in kymographs.
We are grateful to the reviewer for this critical comment, which has significantly improved the utility and comprehensiveness of the protocol described in our manuscript. Indeed, more than just the frequency of protrusion/retractions/ruffles could be measured by kymography of spreading or migrating cells. We have now added a section in the protocol (lines 241-267 in the revised manuscript) and a new figure (now new Figure 3) describing how to calculate additional parameters of cell-edge protrusion dynamics, namely persistence (protrusion time; the amount of time that a protrusion spends protruding before retraction), protrusion distance (distance from protrusion base to the highest peak), and protrusion/retraction velocity (protrusion distance divided by protrusion/retraction time).












Reviewer #3:
Issue 1: The technique is a very standard and straightforward one, so it is not clear how useful this visualized protocol would be compared to, for example, simply reading a text-based method description.
We understand the reviewer's concern about this issue. Indeed, the method of cell-edge protrusion dynamics measurement was developed some time ago and was used by our groups and others in several past publications (for example, Bear et al., Cell 2002, PMID: 12086607; Miller et al., JCB 2004, PMID: 15138293; Bryce et al., Current Biology 2005, PMID: 16051170; Lapetina et al., JCB 2009, PMID: 1941460; Miller et al., Biochemistry 2010, PMID: 20146487; Lukic et al., MBOC 2021, PMID: 34432482). However, a single well-resourced detailed, and updated description of the method has not been published within the past 22 years, neither in the materials and methods sections of these papers nor as a methods paper. Therefore, scientists that wish to learn this approach had to visit labs that use this method. The primary aim of our detailed step-by-step methods manuscript is to enable these scientists to use the technique in their laboratories. Moreover, as this is also the primary goal of JoVE, we were specifically noted by the editor that novelty is not a requirement for publication in this journal.

Issue 2: The potential utility, as well as the demonstrability of the protocol's efficacy (which is a requirement for publication), could be significantly enhanced if the authors were to show the ability of this technique to discern different cellular phenotypes (e.g., a wild-type cell versus a cell in which a particular adhesion, cytoskeletal, or regulatory component has been genetically lost or pharmacologically inhibited). The latter option might be of particular strength, as one could depict the 'before' and 'after' kymographs and statistics for an individual cell.
We appreciate the thoughtful comment of the reviewer on this topic. The main goal of our methods manuscript is to provide a step-by-step protocol for applying the cell-edge protrusion assay. Indeed, several examples of previous papers which use the method in wild type vs. knockout or knockdown fibroblasts are described in the discussion section of the manuscript. In addition, we have recently used the technique to elucidate the role of the non-receptor tyrosine kinase Pyk2 in protrusion dynamics and consequent cell migration (Lukic et al., MBOC 2021, PMID: 34432482). A detailed paragraph describing the ability of the technique to discern different cellular phenotypes using Pyk2-WT and Pyk2-knockout cells is included in the last paragraph of the discussion section as an example of the power of the cell-edge protrusion technique to discern different cellular phenotypes (lines 392-401 in the revised manuscript). 

Issue 3: The authors should explain in more detail how "the number of protrusions, retractions, and ruffles formed during 10 minutes of the movie in each of the eight regions in the cell, marked by the grid lines, is extracted and manually counted from the respective kymograph". Specifically, guidance should be supplied as to whether it is important to discern between protrusions or retractions that are short (in duration and/or distance) versus those that are more protracted. Also, it would be helpful and important to include guidance regarding how to 'threshold' (either manually/subjectively or using ImageJ) phase-dark kymograph signals that are interpreted (or rejected) as ruffles (i.e. is every dark spot along the edge considered a ruffle?).

We thank the reviewer for this constructive comment. In the protocol, we demonstrate and explain the frequency of protrusions/retractions/ruffles. For this measurement, we focus on protrusion peaks at the cell edge; namely, if one observes such a peak, it would be counted as a protrusion followed by a retraction. In this aspect, because the number is determined, it is not necessary to distinguish between short vs. long protrusions/retractions. We also explain how to determine the time, distance, and velocity of protrusions and retractions, where it could be relevant to distinguish between short and long, however in our opinion, it is not necessary to distinguish between values in this case. Such differences (i.e., two or more groups of values) do not usually occur when using knockout cells. Still, they may arise when using knockdown or transfection of cells, when not all cells express the desired construct, or differences in expression levels may occur. In these cases, the existence of a more heterogeneous population will be expressed by a more significant error bar. We usually overcome this obstacle, which occurs in many different systems when using knockdown or overexpression by transfection, to quantify only the cells that are transfected and expressing. This could be performed by adding a fluorescent tag or using a dual expressing vector that expresses fluorescence when using knockdown or overexpression and quantifying only the cells that express fluorescence.
Additionally, in our analysis, we distinguish ruffles from other structures within the cell based on their dark appearance in phase-contrast microscopy and by their centripetal movement, which starts at the cell edge and ends at the border of the cell body, which can be observed in the movies. Of note, when quantifying protrusions, retractions, and ruffles, movies should be observed as a control for quantification and to define ruffles. Based on the reviewer's comment, we have now added a more detailed explanation in the protocol section on how to recognize and define ruffles (lines 228-232 in the revised manuscript).

Issue 4: Addition of text and/or demonstration of how edge velocity (protrusion/retraction speed) can be calculated would also increase the utility and comprehensiveness of the protocol.
We are grateful to the reviewer for this critical comment, which has significantly improved the utility and comprehensiveness of the protocol described in our manuscript. Indeed, more than just the frequency of protrusion/retractions/ruffles could be measured by kymography of spreading or migrating cells. We have now added a section in the protocol (lines 234-263) and a new figure (now new Figure 3) describing how to calculate additional parameters of cell-edge protrusion dynamics, namely persistence (protrusion time; the amount of time that a protrusion spends protruding before retraction), protrusion distance (distance from protrusion base to the highest peak), and protrusion/retraction velocity (protrusion distance divided by protrusion/retraction time).

Issue 5: The authors state that "Cells that completed their spreading phase and started moving are also not appropriate for kymography analysis." This is, at best, quite misleading or, at worst, wrong. The same general approach (save for the eight symmetrical radial lines) can easily be (& has been) used to analyze leading-edge dynamics in polarized and actively migrating cells, not just cells that have been adhered and spreading for 15 minutes. Indeed, the authors begin their Introduction with the words "Cell migration..." and end it by suggesting that their "assay is an instructive model for exploring actin dynamics in the context of cell migration", so the text should be re-thought and re-written to (1) clarify the similarities and distinctions between edge dynamics during cell spreading versus those during migration and (2) broader utility of kymographic edge analysis for actual cell migration.
We appreciate the thoughtful comment of the reviewer on this topic. Although our manuscript describes measurements during cell spreading only, this method could be applied to migrating cells as well, as was performed, for example, in the original method that was modified by us (Hinz et al., Experimental Cell Research 1999, PMID: 10438589), or in Bear et al., Cell 2002 (PMID: 12086607). These publications also demonstrated a direct correlation between cell translocation and the frequency and persistence of protrusions, but not with their velocity. Following this constructive comment of the reviewer, we have now added a note in the discussion explaining that, although we measure protrusions during spreading only in our protocol, this method could also be used for measuring protrusion dynamics in migrating cells, including the references above as examples (lines 379-381 in the revised manuscript). 

Issue 6: While MEFs on fibronectin are used here, the authors should make clear that different cells and different ECMs can be used to similar effect.
We appreciate the reviewer's thoughtful note on this specific issue. Indeed, this methods manuscript and most of the previously published papers mentioned in the discussion section of our manuscript have used fibroblasts for cell-edge protrusion assay as well as for two-dimensional (2D) cell motility assay. Fibroblasts are commonly used for 2D motility assays and other related assays such as the cell-edge protrusion dynamics, as they are mesenchymal, they move fast and have clear cytoskeletal structures such as lamellipodia, filopodia, and focal adhesions. Although we have not tried to use the cell edge protrusion assay with other cell types and other ECM types in our laboratories, this could be applied. Moreover, in the first documentation of the lamella dynamics assay, which was modified by us to become the cell edge protrusion dynamics assay (Hinz et al., Experimental Cell Research 1999, PMID: 10438589), the authors used keratinocytes stimulated to migrate by EGF, demonstrating that other cell types and other stimulations could be used. Following the reviewer's note on this issue, we have added this information in the discussion section (lines 374-379 in the revised manuscript).

Issue 7: The authors suggest that edge retraction is a completely contractile/myosin-driven process and do not mention the considerable importance of * depolymerization* of dendritic actin at the periphery.
We thank the reviewer for this constructive comment. Indeed, as mentioned at the end of our introduction section, edge retraction could result from a contractile myosin-driven process. Additionally, as noted by the reviewer, retraction at the cell edge could also result from depolymerization of dendritic actin. As suggested by the reviewer, we have added this note to our introduction in the paragraph that discusses retraction (line 66 in the revised manuscript).
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