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To whom it may concern:

We wish to submit the enclosed manuscript entitled “Fabricating Multi-Component Lipid Nanotube Networks Using the Inverted Kinesin Motility Assay” for publication in the Journal of Visualized Experiments (JoVE). This manuscript represents original research that has not been published or submitted for publication elsewhere.
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Exceptional Service in the National Interest

All correspondence may be addressed to my attention (E-mail: gdbacha@sandia.gov; Phone: 505-844-5164; mailing information above). I earnestly look forward to hearing from you in the near future. 

Sincerely,
[image: Signature]
George D. Bachand, Ph.D.


Editorial comments:
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. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
We have thoroughly reviewed the revised manuscript prior to resubmission.

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points
The manuscript has been formatted accordingly.

3. Please provide an email address for each author.
Email addresses for each author have been provided.

4. Please expand all abbreviations during the first time use.
All abbreviations have been expanded during the first use.

5. Please include a Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Here, we present a protocol to …”
A short abstract has been provided.

6. Please ensure that the Abstract is between 150-300 words.
The abstract meets the prescribed word limit.

7. Please ensure that the Introduction include all of the following with citations:
a) A clear statement of the overall goal of this method
b) The rationale behind the development and/or use of this technique
c) The advantages over alternative techniques with applicable references to previous studies
d) A description of the context of the technique in the wider body of literature
e) Information to help readers to determine whether the method is appropriate for their application
The revised Introduction meets the outlined criteria.

8. 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. Please refrain from using bullets, alphabets or dashes.
The number has been adjusted as suggested.

9. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”
All text in the protocol is written in the imperative tense.

10. Please use complete sentences throughout.
Complete sentences are used throughout the manuscript.

11. The Protocol should contain only action items that direct the reader to do something.
The protocol has been revised to contain all relevant action items.

12. All the solution recipes can either be moved to a separate table in. xlsx format and can be referred wherever applicable.
Solution recipes are outlined at appropriate locations in the revised protocol.

13. Please ensure you answer the “how” question, i.e., how is the step performed?
We have clarified the how question for each step in the revised protocol.

14. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per step.
We have clarified the protocol to include no more than 2-3 actions per step

15. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded separately to your Editorial Manager account. Each figure must be accompanied by a title and a description after the Representative Results of the manuscript text.
All figures have been removed and uploaded separately.

16. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
Email addresses for each author have been provided

17. Please discuss all figures in the Representative Results. However, for figures showing the experimental set-up, please reference them in the Protocol.
All figures are referenced and discussed in the revised protocol and results.

18. Please include all the Figure Legends together at the end of the Representative Results in the manuscript text.
All figure legends have been compiled and are presented at the end of the Representative Results.

19. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
No figures have been reused from prior publication.

20. Please remove the materials section from the manuscript text. The Materials table should include the name, company, and catalog number of all relevant materials in separate columns in an .xls/.xlsx file. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials and sort the table in alphabetical order.
All materials appear in the Materials table and all symbols have been removed.

Reviewers' comments:
Reviewer #1:

Manuscript Summary:
This manuscript describes a method to create lipid nanotube networks using a microtubule gliding assay and giant unilamellar vesicles. Lipid nanotubes have been the subject of considerable interest over the past few decades, and a clear protocol for their creation would seem to be of benefit to a community of researchers. This article provides that clear protocol. It seems like the method would be easy to replicate and bring LNTs to a wider range of labs. I recommend publishing, but only after the authors do some more work.

Major Concerns:

1. The copy-editing of this manuscript is problematic. There are wide discrepancies between the language used here and the language of the JoVE Style Guide. In places, these discrepancies lead to a lack of clarity in the authors intent. A reader attempting to create lipid nanotube (LNT) networks following this protocol could go astray by following the literal statements.
We have revised the manuscript in accordance to the JoVE style guide and believe that the revised manuscript provides a clear, logical protocol.

2. The manuscript claims is that the LNT networks created using this protocol can be studied for morphology and that the individual LNTs created can be examined for size. The representative data are inadequate to support this claim; Figure 9 and Figure 10, in particular, are too small to interpret and should be replaced by statistical data (graphs, etc) of the sort used in the PI's previous publication (Ref. 13).
As this manuscript presents a protocol, we believe that the representative data shown in all of the figures provided in the revised manuscript clearly demonstrate the methodology used to generate relevant data from the images.  

Minor Concerns:

I would suggest a title change. The "Inverted Motility Assay" referred to in the title and article is unique to this lab (as far as Google Scholar reveals). "Kinesin Gliding Assay" brings up 44 Google Scholar entries; "Microtubule Gliding Assay" brings up 513. I would strongly suggest substituting "Gliding Assay" (of some flavor) for "Inverted Motility Assay".
We have replaced all instances of Inverted Motility Assay with Gliding Motility Assay. 
* Are all the materials and equipment needed listed in the table? (Please note that any basic lab materials or equipment do not need to be listed, e.g. pipettes.)
No, here is a partial list of unlisted materials: coverwells, coverslips, agarose, VELAP, Parafilm, Kimwipes, Whatman syringe filters (the last three are listed in the protocol, out of accordance with the JoVE style guide's suggestion for avoiding commercial names until the table).
All commercial names have been removed from the revised protocol. 

* Do you think the steps listed in the procedure would lead to the described outcome?
Yes and no. Generally, the intended steps would probably turn out fine. The literal steps would not. The very first buffer described (5X BRB80, lines 53-57) would literally create an arbitrary buffer, since no final volume is specified. And so the solute concentrations depend on the reader's arbitrary choice of final volume. This is a general problem with the solutions: few contain the final solute concentrations, meaning that the reader could easily end up with solutions that behave differently than intended.
We thank the reviewer for finding these oversights. We have updated the manuscript such that the final solution volume is listed.
Line 71 suggests "the appropriate molar ratio" for a mixture, without specifying the ratio. More generally, the definite article is used frequently in this manuscript when an indefinite article might be more appropriate.
The molar ratio of 1:1:6 is specified in the example. The phrase “appropriate molar ratio” was used because the “appropriate molar ratio” for each experiment depends on the needs of the researcher using this protocol. We have changed the language in this line to “The molar ratio of each type of tubulin depends on the needs of the experiment.” to reflect this flexibility in the protocol. 
Line 102 suggests that "agarose will completely disappear" - if so, why include the agarose in the first place? (Probably because it will only become transparent rather than disappearing.)
We have updated the language in the manuscript accordingly.

And so on. A quick, blunt, note here: If the authors found it not worth the time to comply with the JoVE authors' and style guides, this reviewer will also avoid a line-by-line editing (though my printout contains copy-edit concerns that average more than one per line).
We would like to note here that the initial submission was formatted based on a prior protocol published in JoVE (Greene et al., 2016). We did not realize that JoVE’s Style Guide had changed so substantially in three years.

* Are the steps listed in the procedure clearly explained?
Yes. Occasionally, the level of clarity is inconsistent. For example, line 274 suggests that the reader will need to be told to 'click "ok"' on a radial button, but lines 253 and 255 do not caution against drying the flow-cell when wicking with the Kimwipe, a caution explicitly mentioned later on lines 370-372.
We have added a caution note regarding drying out the flow cell in the protocol section. 

* Line 7 ("are being") immediately avoids the style guide "active/imperative" suggestion.
We have updated the language to reflect the style guide. 

* Line 8 begins the use of ex vivo. This appears to be a non-standard use in the field; the references in this article as well as every other reference this reviewer has seen uses "in vitro" to describe these types of experiments.
We have replaced all instances of “ex vivo” with “in vitro.”

* Tense frequently shifts. For example, line 7, line 8, and line 15 are different tenses (I think), just in the abstract.
We have revised the abstract to ensure consistent verb tenses.

* Capitalization in the solutions sections shifts frequently.
We have updated the manuscript for more consistent capitalization. 

* "calcium" on line 173 should be "casein", I think.
We thank the reviewer for finding this typing mistake and have updated the manuscript accordingly. 

* Many "Notes" and "Cautions" are missing those labels (e.g. line 122).
We have revised the protocol accordingly. 

* Pronouns are used (e.g. line 139).
We have rephrased sentences containing pronouns.  

* "For example" is used inconsistently in the solutions section (lines 189 and 192, for example).
We have removed the phrase “for example” from the solutions section. 

* The location of the "three layers" of tape (line 236) is unclear, especially in comparison to the "two strips" on line 237. I think the authors mean to stack three pieces of tape into one strip, and do this twice, separated by an unspecified distance (maybe 3-5 mm).
We have updated this section to be clearer. 

* Scale bars have units both in the figures and figure captions.
We prefer to leave the images and caption with scale bar information to ensure clarity.

* Kimwipe (line 253) or Kim-wipe (line 255) or lintless wipe?
We have replaced all instances of “Kim wipe” with “laboratory wipe”. 

* I'm not sure which two methods are referred to on line 330.	Comment by Zach Imam: Not sure what methods they are talking about? If it’s the fabrication of LNTs using previous methods then I guess we just add the citations?
We have revised the text to remove “two methods.” Line 434.

* Does line 360 refer to GUVs that are "too small" and thus have a high bending energy (line 361), or a system in which there are "too few" GUVs?
The intended phrasing was for a “small number of GUVs in solution.” We agree that the original phrasing was not clear and we have updated the phrasing in the manuscript to “If there are a low number of GUVs in solution…”  


Reviewer #2:

Manuscript Summary:
In this manuscript by Imam et. al., the authors describe generation of large-scale lipid nanotube network from giant unilamellar vesicles using motility of microtubules powered by kinesins. The manuscript is well written, and the content is attractive for the readers of JoVE. The presented data are enough to prove authors' claim. The detailed methodologies will also enable one to reproduce the work. I therefore recommend the manuscript for publication. But before making the final decision by the editor, I would like to request the authors to make following corrections in their manuscript:

Minor Concerns:

1. Line 70: It would be better to write that the concentration of tubulin must be higher than the critical concentration. It might be misleading for the readers to specify the critical concentration at 5 mg/mL.
We thank the reviewer for this suggestion. We agree that the original phrasing might mislead readers and we have updated the manuscript for clarity. 

2. Line 74: "Aliquot microtubule solution" "Aliquot tubulin solution".
We thank the reviewer for catching this mistake. We have updated the manuscript to contain the correct phrasing. 

3. Please improve the quality of Figure 1, 2, 3, and 4; there are many things shown in the images.

4. Line 229: Paclitaxel-stabilized or GMPCPP microtubules are stable enough even below room temperature. So, it would be misleading for the readers to know "Microtubules will depolymerize at temperatures beneath room temperature". Please modify this statement.
We have updated the manuscript to reflect that microtubules can be stable beneath room temperature when stabilized by Paclitaxel and/or GMPCPP.

5. Please mention the size of the flow channel somewhere.
We thank the reviewer for catching this oversight. We have added the dimensions of the flow channel in the main text as well as the figure caption. 

6. Please mark the flow chamber in Figure 6.
This figure has been removed from the revised manuscript.

7. Line 257: It must be "AMP-PNP", not "AMPNP".
We thank the reviewer for finding this error. We have updated the manuscript. 

8. Line 246: The meaning of the sentence "…………acts as a support for the kinesin head………" is not sufficiently explained.
We have revised this sentence to enhance the clarity.
[bookmark: _GoBack]
9. Mark the panels in Figure 9 and 10.
These two figures (now Figures 2 and 3) have been revised to mark the panels.


Reviewer #3:

Manuscript Summary:
The authors present a method/protocol to generate lipid nanotube networks from giant unilamellar vesicles (GUVs) using kinesin-powered microtubules. The networks can be formed in short time (< 30 minutes) using common laboratory equipment, and does not require specially trained personnel. Similar methods which can efficiently produce lipid nanotube networks with common equipment exists (Koksal et al., Jove, 2019); the strength of the method presented in this study is to bring together the lipid nanotubes, microtubules and active machinery, and enable the biomolecule transport studies. The method would be of great interest especially for biologists, biophysicists and materials scientists.

Major Concerns:

The written protocol contains photographs of generic equipment and setup, e.g. pipette and pipette tips, glass vials, a sonicator. Presenting photographs of such items are unnecessary, especially since the key steps of the protocol will be filmed. The photos of generic equipment should be eliminated from the written protocol. Some of the photographs may be helpful (e.g. Fig. 6) but their quality, e.g. resolution, lighting in the photos, the clarity for the object of focus etc., is low. If the authors think some of the photographs will be beneficial to provide in addition to the steps that will be demonstrated in the video, their quality should be significantly improved.
We agree with the reviewer that the images of the reagents and equipment were not useful and have removed them from the revised manuscript.

Instead it would be helpful for the viewer to have a schematic drawing of the key mechanism of the lipid network formation described in lines 41-48, e.g. the flow chamber containing casein, adsorption of motors to the surface, binding of biotinylated microtubules to kinesin etc. This would be very helpful for the reader to visualize the steps of the core mechanism that drives the network formation.
We appreciate the reviewer’s comment. The gliding motility assay itself has been widely published and such schematics have been presented in a number of papers. Thus, we believe that inclusion of a similar figure would not enhance the paper.

What is described as GUVs: giant unilamellar vesicles, appear in Fig. 7 an 8, to be mostly multilamellar vesicles (MLVs), considering the intensely fluorescent internal volume of the compartments. Under a fluorescence microscope, GUVs typically appear as circles with no internal fluorescence volume but a fluorescent rim (unless they encapsulate a fluorescent solution). The vesicles shown in Fig. 7 and 8 do not reflect this appearance.
If the GUVs appear as MLVs due to the over-amplification of the fluorescence signal to compensate for the relatively weak fluorescent of nanotubes compared to the vesicles, authors should make this clear and present the image of GUVs with and without the image adjustments.
The majority of the vesicles are indeed unilamellar in nature. The settings necessary to visualize the LNTs cause over saturation of the GUVs, and thus the lack of internal fluorescence is not apparent. We refer the reviewer to the images published in Imam et al. (2019, Langmuir) and Greene et al. (2016, PLos One) for detailed images showing the unilamellar nature of the vesicles. We have also added text to Line 354 to emphasize this point.

To be able to calculate the thickness of the nanotubes, the authors instruct to convert the fluorescence images to binary images applying a threshold. In such a conversion, the thickness of the nanotubes which is calculated based on the white pixels of the resulting binary image, will depend on how the threshold for that image is selected, i.e. the lower the threshold the higher the number of white pixels. Since the threshold is set manually for each image, and since the imaging settings vary from sample to sample (authors advice adjustment of settings during imaging in 270-271 when necessary), the nanotube sizes would only be approximate and comparable within the same image, not among different experiments/images. The authors should include a clarifying statement.
We thank the reviewer for this comment. We have added a note in the appropriate part of the protocol. 

Minor Concerns:

Typo > Line 40: "The resulting LNT network provide a model platform to study the how differences in the lipid phases can change LNT morphology."
We thank the reviewer for catching this typographical error and have updated the manuscript accordingly. 

"coverwell" used in Line 149 is a commercial name: CoverWell™ Instead using 'adhesive chamber' would be more appropriate and the item can be included in the list of materials.
We have updated the manuscript to reflect this change. 
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