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Title: A Quantitative Evaluation of Cell Migration by the Phagokinetic Track Motility Assay

We would like to thank the reviewers for all of their helpful comments and suggestions about our manuscript.  We have attempted to address all of their points (discussed below in a point by point review) and, in so doing, we believe we have improved the clarity of the described methodology and have created a more thorough document.  Please find below our responses to the specific comments made by the reviewers.
Reviewer 1:
Major Concerns

1. The size of the coverslips is not described. 
A:  The information about the size of the coverslip (15-mm in diameter) has been added to the body of the protocol (1.1) and to the reagent and equipment specification section.

2. Classical method used BSA instead of gelatin.  BSA can withstand hot boiling gold colloid solution while gelatin cannot.  It needs to describe what is the advantage of gelatin over BSA and vise versa.

A:  We certainly agree that BSA was used to coat coverslips in the original methodology, however, an introduction of gelatin as a coating solution improved the adhesion of gold nanoparticles as discussed in the references provided in this response letter 


1,2 ADDIN EN.CITE .  Therefore, we have used this gelatin method in our own studies and have now described this point in our protocol.  We made note of this point in the revised discussion.

3. It is not clear why gelatin-coated coverslips need to be baked at 90°C.

4. It is not clear why the coverslips need to be dried after baking.  These steps are not necessary if coverslips were coated with BSA.

A:  The response to concerns 3 and 4 are provided together.  The baking and subsequent drying steps have been shown to lead to the hardening of gelatin-coated coverslips, which in turn creates the appropriate substratum for the adherence of the gold nanoparticules.  By drying post-baked gelatin-coated coverslips, one ensures that gelatin is not in a liquid state.  Liquid gelatin has been shown to strongly bind gold nanoparticles, thus preventing/blocking the creation of tracks by moving cells.

Reviewer 2:

Major Concerns

1. My main concern is that most workers in the cell motility area typically use more advanced methods to follow cell motion. Imaging cells with techniques such as DIC is easy.  It does require knowledge of how to keep cells alive under the microscope but does not require preparation of nanoparticles. Tracking a cell through time manually in a movie, using free ImageJ tools such as MtrackJ, is perhaps as time consuming as tracing the boundary of the gold-particle-free area and it provides more information.  So the article is addressed to researches who (i) need a quick and easy way to quantify cell motion without being experts in cell culture, (ii) work with cell types that are not amenable to time-lapse imaging, or (iii) need a simple high-throughput assay.

A:  We certainly agree with Reviewer 2 that there are a number of protocols available to examine cellular motility, many of which are more advanced.  Our goal in presenting the following protocol is that this assay is a rapid quantitative assay that is easy to perform and thus, may be a logical choice for many scientists; for the three primary reasons the reviewer discussed above.  We have found it to be very amenable to screening and in our hands serves as a simple early measurement of cellular activation to control for infection in many of our long-term assays.  As discussed below, we have tried to introduce some alternative protocols in our discussion to make sure that a reader has the information necessary to decide on the motility assay(s) that is appropriate for their experiments.

Minor Concerns

1. Some discussion of alternative approaches would be useful, perhaps with references to papers involving accurate measurements of cell motion.
A:  We agree with the reviewer and have expanded our discussion of some alternative possibilities for analyzing cell migration.

2. Also, the authors could mention that the assay requires cells to be dilute on the slide.

A:  We have attempted to clarify this issue in the revision and comments have now been added to section 3.2.
Reviewer 3:

Major Concerns

1. There is currently no discussion of the possible caveats or pitfalls of this technique (there are many!). For example: the cell density is crucial for this method as too many cells will result in overlapping tracks that are impossible to quantify.  This may also result in very different findings from previously published time-lapse experiments for the same cells as density play a major role in cell migration behaviour…..From the analysis side: how are potentially merged or overlapping tracks identified and excluded from analysis?

A:  Throughout our manuscript, we expanded our discussion on the possible caveats or pitfalls related to the phagokinetic track motility assay.  We apologize for not thoroughly addressing these issues in the initial submission.  As the reviewer points out density is a critical parameter, however, once solved the assay is easy to perform and can be used effectively to measure motility.  This critical point has been addressed in more detail in 3.2 section of the revised manuscript.
2. Moreover, the authors do not mention whether the role of different purified ECM ligands can be applied here (for example fibronectin, collagen etc.).

A:  We agree with the reviewer that a discussion of possible treatments (i.e. the influence of purified ECM ligands on cell motility), which could be analyzed using the phagokinetic track motility assay, would improve the manuscript.  We have attempted to address this concern in the discussion section of our revised manuscript.

3. 3.3: it would be very helpful to provide examples here of previously used time points for analysis from the literature (eg: monocytes, 6hours etc), this will greatly assist in users estimating time points for initial optimization.
A:  This information has been added to section 3.3 of the revised manuscript.

4. Are there are any possible toxic effects to look out for when using such a phagoctyic assay? Do the authors recommend using a marker of cell death at the end (on fixed cells) to ensure all cells being analysed are healthy for the duration of the experiment?

A:  We have not found that the colloidal gold nanoparticles or other steps in the analysis of cell motility using the phagokinetic track motility assay to be toxic to the tested cells.  We have always been concerned about this because of our work with monocytes, which for example are very sensitive to endotoxin contamination and other contaminants.  There does not seem to be any reason that a marker for cell death can’t be utilized, if the issue of cellular death is of concern to the users of this assay.  We have added this suggestion to section 3.4.

5. Can fluorescent particles be used instead of gold ones? Are there other potential modifications that can be made for easier preparation?
A:  The literature appears scarce about the use of fluorescent particles for studying cellular motility.  Fluorescent microspheres are usually used as markers in cellular phagocytosis, cell surface antigen detection, as neuronal retrograde tracers and in blood flow measurements.  They are available in sizes from 0.02 (m to 15 (m.  In cell motility studies, 1 (m in diameter microspheres have been used as discussed in the reference provided below in this letter3, thus, the size is much bigger than the size of an average gold nanoparticles (10-20 nm).  We cannot state how that change in particle size would affect, for example, monocyte motility and thus, how this change would compare quantitatively to the assay we describe in our review.  The researcher would certainly need to have the access to a fluorescent microscope, which differs from the colloidal gold nanoparticles-based assay that utilizes only a light microscope.  Additionally, if the synthesis of gold nanoparticles is burdensome for the researcher, gold nanoparticles are commercially available in sizes from 5 nm to 400 nm.

6. Figure 1 is currently very unhelpful as no scale bars are provided, the resolution of the images is very low, some images of cells must also be given along with the ‘best case scenario’ for gold particle coating for comparison.
A:  The photos do look a little dark and thus, we have tried to lighten them to allow for a cleaner image for the reader.  For us they were high-resolution light microscopy photos.  We have added scale bars for reference.  Figure 2 documents a correct amount of gold particles for coating.  We have made note of this point in our revisions.  For this methodology the optimal density should be experimentally determined for each cell type used, as the characteristics of the different cells will dictate their strength of movement.  This issue has been expanded and is discussed in sections 2.8 and 2.12 of the revised manuscript. 

7. Are there any benefits to live vs. fixed analysis of cells?
A:  The analysis of live cells would allow monitoring of cell movement at different time points post treatment on the same sample.  However, fixation allows one to analyze cell motility at a later time post harvesting.  In a general sense this point is something that the researcher will have to decide on based on the number of samples and times of harvesting, etc..  This issue has been expanded and is discussed in the section 3.3.

8. Can tracks be analyzed and measured at different time points to allow addition of (for example) growth factors or drugs at any stage during the experiment and thus provide a before and after measurement?
A:  If cells are not fixed, their movement can be monitored at different time intervals upon treatment with activators or inhibitors of cell motility.  This issue has been expanded in the revised discussion section.

Editor Comments:
1. The sentence below in the Long Abstract does not make sense.  Please clarify (should “in” be “it?”.  “In result gold particles (10-20 nm in diameter) precipitate from the reaction mixture and can be applied on glass coverslips, which then are ready for use in cellular migration analyses.”
A:  We have clarified and fixed the sentence discussed above.
2. Step 2.8, delete “s” in “mls” and “coverslips.” 
A:  We have corrected step 2.8 in the revised manuscript.
3. Could the authors expand on any alternative methodologies that are used to measure motility (description does not need to be extensive, 1-2 sentences to orient the reader since the Discussion states the advantages of the technique presented, so a description of other approaches would be helpful).  Also, could the authors address any limitations in the protocol or maybe situations where is could not be used and alternative methods should be employed (if applicable).  

For the Figure Legends, the legend in the Figure .tif file should match what is included in the text.  Could the authors please consolidate the information.
A:  We have included in the revised manuscript some alternative protocols (also suggested by reviewer #3).  We have included these revisions in the revised discussion.  In addition, we have tried to add some additional strengths and weaknesses of the protocol to the discussion and then incorporated these points into the short discussion of alternative protocols.

We apologize for the confusion and have fixed this issue in the revised document.  The legends should now match.
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Thank you in advance for your consideration of our revised manuscript.  If you need any additional information please don’t hesitate to contact me.

Sincerely,
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Andrew D. Yurochko, Ph.D., 
Professor of Microbiology & Immunology, 
Center for Molecular and Tumor Virology, 
Feist-Weiller Cancer Center, 
Louisiana State University Health Sciences Center, 
1501 Kings Highway, 
Shreveport, LA 71130-3932. 
Phone:  318-675-8332 
Fax:  318-675-5764 
Email:  ayuroc@lsuhsc.edu 
Website:  www.lsuhscmicrobiology.com
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