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. Please define all abbreviations at first use.
2. Please provide an email address for each author.
3. Please increase the word count of the abstract to be 150-300 words.
4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: Hellmanex; YOYO-1 etc
5. Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
6. 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.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.
7. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
8. 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 and one-inch margins on all the side. Please include a ONE LINE SPACE between each protocol step and then HIGHLIGHT up to 3 pages of protocol text for inclusion in the protocol section of the video.
9. Please remove the embedded figure(s) from the manuscript. All figures should be uploaded separately to your Editorial Manager account. The legends should appear only in the Figure and Table Legends section after the Representative Results.
10. 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].”
11. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
12. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source (ITALICS). Volume (BOLD) (Issue), FirstPage–LastPage (YEAR).] For 6 and more than 6 authors, list only the first author then et al. Please include volume and issue numbers for all references, and do not abbreviate the journal names. Make sure all references have page numbers or if early online publication, include doi.
13.Please add all materials to your Table of Materials (e.g., Hellmanex) to your Table of Materials and then sort the Materials Table alphabetically by the name of the material.
We thank all these editorial comments, and we revised the manuscript by following all these comments.

Reviewer #1:
Manuscript Summary:
In the manuscript by Zuo, authors describe a method of imaging EWS-FLI1 protein forming condensates on DNA. They provide details of visualizing the molecular interactions by using DNA curtains and total internal reflection fluorescence microscopy. Overall, the manuscript provides enough technical details to perform DNA curtain experiments and combined with video recording, users will be able to perform similar experiments with provided instructions. Several topics need to be addressed before manuscript can be published.
We thank the reviewer for these important comments and questions, and we added the control experiments and more details about DNA Curtains into the new manuscript. We used the “Track changes” function of Microsoft Word to track all changes in the new manuscript.

Major Concerns:
1. Authors have chosen the imaging of EWS-FLI1 interaction with DNA for their title and the main representative data. However, they do not provide any information about the source of the protein. EWS-FLI1 is not listed in the materials table. That is extremely unlikely that the EWS-FLI1 protein is available as a commercial product. Therefore, it is critical to describe how the EWS-FLI1 protein was purified or where was it acquired from. The quality of the data will be dependent on the quality of the protein. Authors can have the option of writing the paper on "DNA curtains" and not mention EWS-FLI1. They can use a different commercially available DNA binding protein as an example.
We thank the reviewer for this comment. EWS-FLI1 we used here is a fusion protein from FET family, and we inserted the gene into an E.coli expression plasmid, then the protein was purified from E.coli cells in vitro. The fused sequence of EWS-FLI1 and purification method have already added into the methods part of the manuscript (page 6- page 7).

2. It is likely that EWS-FLI1, being an intrinsically disordered protein, will have tendency to undergo liquid-liquid phase separation. However, since there is no experimental validation of phase separation happening in the DNA curtains, authors should refrain from implying that the observed condensates have this property. Since the selected method cannot accurately measure how many EWS-FLI1 proteins are present on a single DNA molecule, it is not even clear if the observed signal is coming from a protein condensate or individual protein molecules.
We thank the reviewer for this comment. In order to confirm that the LLPS happen on DNA Curtains with such low protein concentration, we titrated the concentration of mCherry-EWS-FLI1 from 25 nM to 500 nM and determined the intensity of each puncta on one DNA molecule at the clone site (Fig 2d). Compared with the intensity of fusion TF FLI1DBD labeled with mCherry, the puncta intensities of EWS-FLI1 and FLI1DBD were similar at low protein concentrations, nevertheless, the intensity of EWS-FLI1 increased significantly while that of FLI1DBD remained low even the concentration reached 500 nM. These evidence strongly suggested EWS-FLI1 not only bind on the 25x GGAA repeats, but also concentrated on it through LCD interactions. Besides, as it has been well-studied that single FLI1DBD can bind 2x GGAA motifs or higher order oligomers binds to highly repetitive low-affinity sequences1, the signal of mCherry on 25x GGAA sequence was from a protein cluster rather than individual protein molecule. 

3. Since there is no data on EWS-FLI1 or the condensates searching on DNA, the title is misleading. DNA curtains can provide such data but the manuscript does not provide any details on how to perform the specific experiment of data analysis nor it provides any representative data for it. Title may be revised to better reflect the true content of the manuscript or additional text may be added to support analysis of the protein searching on DNA.
We thank the reviewer for this question. The reason why we promote the hypothesis of 3D or 2D search model of EWS-FLI1 condensate is because we observed the difference of the condensate distribution before and after incubation. However, single-tethered DNA Curtains requires flow to extend Lambda DNA, so that we cannot acquire the whole incubation process during which the DNA molecule was not well-extended. We have changed the title because we cannot provide more direct data to prove our hypothesis.


4. To prove that the observed interactions are specific the representative data has to have a negative control DNA. The best negative control would have been the same Lambda DNA containing mutated GGAA sites but the least could have been Lambda DNA without any GGAA sites. The experiment also needs a negative control protein, which can be another intrinsically disordered protein transcription factor with the same mCherry label.
We thank the reviewer for this comment. We have mapped the GGAA distribution on Lambda DNA and there are more than 400 GGAA motifs except for the cloned site, so it is hard to remove all the GGAA sites out of Lambda DNA. In order to confirm the specificity of mCherry-EWS-FLI1, we conducted the electrophoretic mobility shift assay (EMSA) using DNA template containing 25x GGAA and without GGAA separately (Response Fig1).

[image: C:\Users\ASUS\AppData\Local\Temp\1625663947(1).png]
Response Fig.1. EMSA of mCherry-EWS-FLI1. 306-bp dsDNA labeled with 5’ Quasar670 was incubated with mCherry-EWS-FLI1 in different concentrations under room temperature for 30 min in reaction buffer containing 40 mM Tris-HCl (pH 7.5), 150 mM KCl, 2 mM MgCl2, 1 mM DTT and 0.2 mg/mL BSA. The samples were loaded and run on 1.3% agarose gel for 25 min, 120 V. Adapted with permission from Reference 2.

5. There is no information on data analysis. Manuscript should provide guidance to readers on how to evaluate simple protein binding versus protein searching on DNA.
We thank the reviewer for this suggestion. Since the resolution of DNA Curtains doesn’t allow us to distinguish a single mCherry signal in the flowcell, and EWS-FLI1 binds on the DNA very quickly once after it reaching into the flowcell, instead we injected high concentration (for single-molecule experiments) of EWS-FLI1 to observe the condensate formation through the change of puncta formed on target. We have added the protocol of intensity analysis of mCherry-EWS-FLI1 condensate on DNA in the new manuscript (page 7).

Minor Concerns:
1. Discuss section should include a paragraph on proper negative and positive controls for this method.
We thank the reviewer for this comment. We have added the related controls for this method to prove that the condensate formed on DNA is resulted from both the interactions between EWS-FLI1 and the interactions between proteins (page 8, Fig 2 a-c).

2. Discussion section should contain a paragraph, comparing DNA Curtains to others biophysical methods that provide data on direct binding of proteins and DNAs and list advantages and limitations of the method.
We thank the reviewer for this suggestion. This discussion was added in the 4th paragraph in the original manuscript (page 8).

3. Page 2, Line 55. The sentence indicate that flow cell is coated with biotinylated lipid bilayers. However, the lipid bilayer is not biotinylated. The lipid bilayer contains streptavidin protein. What is biotinylated is the DNA. The difference should be clarified and the misleading sentence should be revised or removed.
We thank the reviewer for this question. Our liposome solution contains three ingredients, one of them is biotinylated lipids, and during the flowcell preparation we inject streptavidin so that it can bind to the biotinylated lipids, while one streptavidin molecule can bind with four biotin molecules. That is the reason why the biotinylated DNA can be anchored on the lipids and move to the barrier through the interaction between biotin and streptavidin. We added this information in the new manuscript to make it clearer (page 6, 5.6).

4. Page 2, Line 66, The reference cited here (#26) is not appropriate for NR0B1 and GGAA motives. Instead of citing a review article the authors should cite the original paper that discovered the GGAA microsatellites and NR0B1 as EWSFLI1 target.
We thank the reviewer for this suggestion. We have checked the reference and cite the original paper of GGAA microsatellites in the new manuscript.

5. Page 6, Line 222, Spell out "sCMOS"
We thank the reviewer for this question. “sCMOS” is referred to “scientific Complementary Metal Oxide Semiconductor” and we have added this message in the new manuscript.

6. Figure 1e has numbers (1, 2, 3,4) under the image but it is not described anywhere what those numbers mean.
We thank the reviewer for this question. “1, 2, 3, 4” represent different positions of puncta on one Lambda DNA, and “3” is where 25x GGAA microsatellite sequence was cloned. Related information have added in the new manuscript.

7. Figure 1e(i) has 6 protein condensates but the enlarged image that was shown in Figure 1e (ii) has only 4. It is not clear if the selected enlargement is coming from the indicated DNA line.
We thank the reviewer for this question. We are sorry for this mistake and it has been correct in the new manuscript.

Reviewer #2:
Manuscript Summary:
This manuscript provides a detailed protocol for single-molecule imaging of transcription factor condensate formation and association with DNA in vitro. It details the method used in the author´s recent publication in Nature Communications, thus fulfilling JoVe´s requirements. It describes the DNA Curtain technology using fluorescently tagged EWS-FLI1 protein binding to DNA containing a GGAA microsatellite, but in the authors´ previous publication they have already shown that the same protocol works for other proteins in a similar way. The protocol is sufficiently detailed to allow reproduction.
We thank the reviewer for these important comments and questions, and we have added more details about the flowcell preparation and materials used in this assay.

Major Concerns:
The only protocol step that needs more detail is 4.1., the preparation of a flowcell with zig-zag nanofabricated barriers on it for DNA Curtains, unless this is a ready-made, purchased product.
We thank the reviewer for this comment. Nanofabrication needs the department have a clean room and some special equipment like electron beam lithography machine. The detailed preparation methods of nanofabricated barriers have been added to the new manuscript which some professional institutes or company can help to make it (page 5, part 4).

Minor Concerns:
Some additional information in part provided in the Nature Communication study should also be included in the protocol presented here, such as the structure of the fluorescently tagged protein (N- or C-terminally tagged EWS-FLI1), and the purpose of the use of YOYO-1.
Figure 1a should indicate the input and output sides of the flow cell.
Line 274: "regions containing high intensity….." should read "regions containing high density…."
[bookmark: _GoBack]We thank the reviewer for these questions. We have added the additional information of the materials we used in DNA Curtains like protein structure (EWS-FLI1 labeled with mCherry at N-terminal) and purification (page 6), also the use of YOYO-1 to stain double-stranded DNA in the new manuscript.
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