We thank the reviewers and the editor for their careful review of our manuscript and their helpful comments. The comments and our response are presented below. 

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 proofread the manuscript and did the suggested checks the best we can. 

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
We have formatted the manuscript as requested. 

3. Please reword the title to exactly reflect the protocol being presented.
We have revised the title as requested. The protocol includes both an egg extract preparation method and an imaging method. The new title reflects both. 

4. 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.”
We have made sure that imperative tense is used in the protocol section. 

5. Please ensure you answer the “how” question, i.e., how is the step performed?
We have made sure that each step of the protocol clearly describes how the step is performed.  

6. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step.
We have made sure that each step in the protocol contains no more than 3 action sentences. 

7. In the protocol please include how do you visualize the dynamic cytoplasmic organization?
We have added ``Notes’’ to steps 2.14 and 2.16 to further explain the visualization process. 
[bookmark: _Hlk55839626]Briefly, we add fluorescent probes to the extract in step 2.14 to label specific cytoplasmic structures, and then in step 2.16 we use a microscope equipped with a low magnification objective (5x) and digital camera to image these structures, capturing the cytoplasmic organization over time with time-lapse images. 

8. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please highlight 3 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.
We have highlighted the relevant steps in the manuscript as requested (approximately 2 pages).

9. 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].”
The images in this manuscript have not appeared in previous publications, and therefore no permission is needed. 

10. As we are a methods journal, please ensure that the Discussion 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
We have updated the Discussion section to cover these aspects where applicable. 

11. Figures: Please include scale bars for images taken from a microscope.
We have added additional scale bars as requested.

12. Please sort the materials table in alphabetical order.
We have sorted the materials table in alphabetical order with respect to the names of the reagents. We have also added the fluorescent tubulin protein used in the new figure panel (Figure 2B) to the list. 

____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
A easy method for life cell imaging cellular organization in Xenopus egg extracts. This manuscript is very clearly written, easy to follow. We do not find any point to criticize or where we could suggest an improvement.

We thank the reviewer for reviewing our manuscript and we appreciate the reviewer’s positive comments.  

Reviewer #2: 
Manuscript Summary:
Manuscript presents a protocol based on a published protocol by the authors. It is for a relatively easy preparation of Xenopus egg extract that uses easily available reagents

Major Concerns:
Authors reference multiple papers using various types of Xenopus egg extracts but do not make it clear up front how this extract is different from the ones they have referenced.

We thank the reviewer for pointing out this issue. The introduction has been revised to make it clear how the extract we are preparing is different from CSF and cycling extracts: We are following the protocol of Deming and Kornbluth, and the extract prepared this way is an interphase-arrested extract. 
In addition, in the revised Discussion section, we discuss the minor modifications we made to the protocol. For example, the omission of ATP-regenerating mix. We also discuss key differences between our protocol and other extract preparation protocols. 

Minor Concerns:
Authors have published a paper with two different interphase extracts used for different purposed, however, they do not distinguish between the two. I think this could be confusing for some people.

The reviewer is correct – we used three types extracts in our previous publication: F-actin inhibited interphase-arrested extracts (following Deming and Kornbluth), F-actin-intact interphase-arrested extracts (following Deming and Kornbluth but with no cytochalasin B added), and cycling extracts (following Murray, 1991, and Chang and Ferrell, 2018). The imaging procedure described in our current manuscript was used for all three types of extracts, and for cycling extracts a different imaging procedure was also used (not the slide/coverslip/FEP tape method described here). In this manuscript, we have chosen to focus on the slide/coverslip/FEP tape method and we describe in detail how we prepare interphase-arrested extracts with F-actin inhibited, but in our experience the slide/coverslip/FEP method works equally well with actin-intact extracts.

Comments for authors: Overall, this reviewer thinks that this protocol will be helpful to the field. I think some clarification is needed between different frog egg extracts and their strengths and weaknesses. I suggest the authors expand the manuscript to include the ionophore protocol they also used in their paper in reference 9 or distinguish between those two protocols here.

We have added a paragraph in the Discussion section, where key distinctions between these two protocols are discussed.
The calcium ionophore protocol by Murray is used for making cycling extracts. We have some experience using calcium ionophore activation followed by cycloheximide addition to prepare interphase-arrested extracts, but in our hands these interphase-arrested extracts did not perform as well as those prepared following Deming and Kornbluth protocol.  

 Make it clear what the end product of the protocol is.
We have revised the introduction to convey the message that the end product of the protocol is time-lapse image series that capture the dynamical behavior of the extract (see the last sentence of the Introduction section). This is also conveyed in the new ``Note’’ to step 2.16, the last step of the protocol. 

The abstract states that this protocol is for making Xenopus egg interphase extract. There is nothing about interphase extracts in the introduction. The introduction is great about referencing papers where Xenopus egg extracts are used--- for both biochemistry and imaging. The papers listed use different kinds of Xenopus egg extracts for different research purposes. This reviewer thinks that it would be helpful to readers to define at the beginning of the paper, either the introduction or just before the protocol starts after the note which references Murray, Kornbluth and Newport.

We have now added a paragraph conveying the message the reviewer suggested at the end of the introduction section.
[bookmark: _Hlk54688147]
When discussing Xenopus egg extracts there are several key considerations.
1. Is an extract CSF-arrested (also sometimes called M-phase extract) or has the arrest been released and the extract is progressing to interphase. A minor point is has cycloheximide or another translation inhibitor been added to maintain the interphase state?
2. If the CSF arrest has been released, how was this accomplished? There are 3 common methods; a) the one reported in this protocol, b) addition of calcium to CSF arrested extract and c) calcium ionophore addition to eggs before the crushing spin.
3. Is the actin in the extract intact? ie. was cytochalasin added to the eggs prior to crushing which results in an extract without filamentous actin.

Something like this would be useful. This protocol is for making an interphase extract. The CSF arrest is released during the crushing spin. Cytochalasin is added prior to the crushing spin so there are no actin filaments in the extract and cycloheximide is added so once released, the cell cycle does not proceed and the extract remains in interphase.

We have added this information at the end of the revised introduction section.

An extract that has cytochalasin added before the crushing spin (actin filament minus) is different from an extract where cytochalasin has not been added (actin intact). Even actin intact extracts where cytochalasin is added after collection can look different from actin filament minus extracts. Some of key information (like the cytochalasin and cycloheximide addition) is in the methods section with a note explaining what they are for which is great but this reviewer thinks it would be very helpful to readers to put this information up front before starting the protocol.
We have made the changes as suggested.

The original Murray protocol for CSF extract contains a buffer with EGTA which chelates calcium this is key to maintain cell cycle the arrest. When a sperm enters an egg, calcium triggers the release of the arrest. This biology is used in all the biochemistry used to keep or release the arrest. The lysis buffer used in this manuscript does not contain EGTA so the release starts immediately upon the start of the crushing spin*, possibly during the washing steps. Most of the papers referenced in this protocol are either CSF arrested extracts or use calcium addition to CSF- extracts to release the arrest -an advantage here is that the cell cycle starts a known time—these usually do not add cycloheximide so the cell cycle clock is running. Another advantage of the calcium addition protocol is that a good CSF extract holds its arrest and remains useable for many hours. Thus, multiple interphase reactions can be made and imaging can be done with the same extract for a longer period of time. A disadvantage or this extract and I think also of the one described in this manuscript is that only one cell cycle can be observed.

[bookmark: _Hlk54775695]These are very good points. We do not have much experience with imaging the interphase extracts prepared from calcium-treated CSF extract, but we expect the imaging method will work for those extracts. 

This reviewer is not indicating that one extract is better than another but they are different serve different purposes. This needs to be clear in case readers start comparing results from the various papers referenced here. These authors use two of the three methods for making interphase extracts in their Science paper—this protocol is one of them, with the other being calcium ionophore addition. It is this reviewer's understanding that the calcium ionophore protocol is best if one wants to make cycling extracts and indeed in reference 9, they use the ionophore extract to image multiple cell cycles. This is the most exciting part of the paper. Why do they not include this extract in this protocol? In reference 9 they use the two different extracts for different experiments and use imaging techniques for each. If they found that calcium ionophore is necessary for cycling they should distinguish indicate the difference in this protocol -i.e. this interphase extract is easy to make but it will not perform multiple cell cycles.

As the reviewer points out, we used a different imaging setup for cycling extracts. Here we chose to focus on the imaging setup that was relied on most heavily in the 2019 paper. We have revised the Introduction and Discussion sections to make it clear that the extract used in the current manuscript is interphase-arrested and will not perform multiple cycles. 
Actually, I think they should include the ionophore preparation in this manuscript and discuss the advantages or disadvantages of each. The goal of this type of document is to allow people to duplicate another lab's work. Since they use two different interphase extracts in their paper either report them both here or distinguish between them so people do not get confused.

We have now made it clear in the introduction that we use interphase-arrested extracts prepared following the protocol of Deming and Kornbluth. We also added more discussion in the Discussion section to highlight some key differences between these two types of extracts. The extracts described in this manuscript are released from meiotic arrest during a crushing spin and thus not by calcium ionophore. The extracts are kept in interphase by cycloheximide and thus will not progress through multiple cycles. 

 Perhaps discuss a few more key differences between the extracts
We have included a new paragraph discussing the differences in the Discussion section as suggested.

Then in the discussion some information putting this extract in perspective to others would be useful. It is fine to mention that the Ferrell extract only used two protease inhibitors, however as mentioned above*, the fact that the lysis buffer does not contain EGTA, which is a key ingredient to most other extract buffers used in the crushing spin in the papers referenced is perhaps more important than the difference between 2 or 3 protease inhibitors which the authors discuss.

We have included a new paragraph in the Discussion section to clarify key differences between our interphase extract protocol and other established protocols, particularly how CSF-arrest is released and interphase is achieved. 
In addition, we have removed the discussion of protease inhibitors as reviewer 3 also raised concerns about it. 

 I like that they make clear some of the important points for making the extract. The pictures of the defective eggs are great. The points mentioning not to dilute the extract and also not to image for longer that 60 min are important.

We thank the reviewer for the positive comments. 

 I am confused by Figure 1I—where is the extract in that figure? What is the diameter of the holes in the spacer? If the spacer is 120 um thick and 7 ul of extract is placed the center of the well created by the spacer does spread out as indicated in Figure 1H ? In Figure 1I there are two examples of chambers. There is an oblong shaped object inside the well against the right side of the right chamber—is that extract? The left chamber has a similar object at the bottom. Depending upon the diameter of the hole I find it hard to imagine 7 ul of extract spreading out within the well and maintaining a thickness of 120um.

We have now replaced Fig 1I with a more representative photograph, included a scale bar, and annotated relevant objects to make sure the illustration is clear. We added the dimensions of the spacer in the ``Note’’ to step 1.2 to improve clarity. We have also updated the materials table so that the glass slide listed there match the one shown in the updated photograph. 
To answer the reviewer’s questions:
In Fig 1I, the extract is the light brown substance that takes up most of the volume of the imaging chamber. The oblong shaped objects next to the walls of the chambers are air pockets collapsed from the interstitial air surrounding the once centrally localized extract droplet. Sometimes during transportation, the droplet can be displaced off the center, resulting in the scenario seen in Fig 1I. When extracts are deposited in the well, the hydrophobic nature of the FEP coating will cause it to bead up without spreading and flattening quickly. We then directly apply the FEP-taped coverslip to seal the chamber as indicated by Fig 1H, flattening and spreading the droplet in the process. As a result, the final form of the extract droplet is a column of liquid with a defined height (i.e. that of the spacer) sandwiched between two flat surfaces. The diameter of the hole in the spacer is 9 mm and the thickness is 0.12 mm according to the manufacturer. Given these measurements, when approximately 7 µl extract is placed at the center of the well, the droplet will form a near-cylindrical column with a height of 120 µm (i.e. that of one spacer) and a radius of about 4.3 mm. There should be approximately 9/2 – 4.3 = 0.2 mm of clearance between the edge of the extract droplet and the chamber well, if the former is perfectly centered in the chamber. The relevant objects are now annotated and a scale bar is included in the new photograph in Fig 1I.

 The spacing between items in the Table of materials is messed up.It is often hard to follow across to the right and the 3 items -----Material, company and catalog number are not aligned. Putting a space between each item should help with that.

We have now left-aligned the text in each column, and included both horizontal and vertical borders in the table so that items are easier to follow. 

Reviewer #3: 
Manuscript Summary:
This protocol manuscript by Cheng & Ferrell describes the experimental approach to construct chambers to image the organization of cell-free cytoplasmic extracts derived from the eggs of the African clawed-frog Xenopus laevis using fluorescence microscopy. The work stems from a recent manuscript by the same authors demonstrating that these extracts can self-organize to form a beautiful tessellated array of cell-like compartments within these chambers. The authors construct these chambers by covering a coverslip and glass slide with commercially available FEP tape, serving as the top and bottom of chambers made by sandwiching an adhesive spacer with a hole cut out of it. The use of FEP tape as an alternative to the relatively cumbersome, costly, and time-consuming alternative approaches typically used to passivate glass surfaces will undoubtedly be of tremendous utility to the field, and this is perhaps the most worthwhile aspect of this protocol. However, the construction of these devices is rather straightforward and, in fact, little of this protocol is actually dedicated to describing their assembly. Instead, the bulk of the text is geared toward explaining how to generate cell-free interphase extracts from X. laevis eggs, and the literature is so replete with protocols about the preparation of egg extracts that why this one is warranted now should be better justified. This concern, and several others detailed below, will need to be addressed before this manuscript is suitable for publication.


Major Concerns:
1. The authors should better explain why the field needs another protocol about the preparation of cell-free extracts from X. laevis eggs. I certainly understand that there are nuances in extract preparation and that the extracts described here are specifically non-cycling, interphase extracts, but the manuscript would be significantly improved if some comparison and contrast between recently published protocols about describing X. laevis egg extract preparation from, e.g. the Mitchison & Heald labs, was included.
We have added a new paragraph in the Discussion section to discuss the key differences between our extract protocol and established protocols from the Mitchison lab and the Heald lab in the context of interphase extract preparation. 
The reviewer is correct – the egg extract protocol here is not the main contribution of the manuscript. It helps demonstrate the imaging method for visualizing the cytoplasmic self-organization phenomenon. 
The main contribution of this manuscript is the imaging method:
(1) A quick, easy and cost-effective way to coat glass surfaces.
(2) An easy way to make a sealed imaging chamber for the extracts. In this system the extracts form a layer with uniform thickness, and this thickness can be adjusted by varying spacer height. This chamber is suitable for many microscope systems. 

2. The authors set up what I consider to be a strawman argument about the timeliness of this work, in that they seem to imply that live-cell imaging of extracts is "emerging", i.e. that it is a recent development in the evolution of these extracts from limited utility as a biochemical system. This could simply be a matter of semantics, however, many labs have been using live-cell imaging in X. laevis extracts for the last few decades. Although the authors do provide references, there is a conspicuous gap in publication dates that could easily be filled with several works published during that time which describe live-cell imaging in egg extracts (e.g. much of the work being done during the 1990s and 2000s in a collaboration between the Salmon and Mitchison labs). The authors should consider either toning down this argument or inclusion of additional references.
We have added additional references from Salmon and Mitchison labs in the Introduction and the Discussion sections as the reviewer suggested. (Murray, Desai, and Salmon, 1996; Desai et al., 1998; Mitchison et al. 2004; Mitchison et al., 2005)

3. The protocol would be improved if the authors make a stronger argument for their form of passivation over existing alternatives. Though the authors do include a brief paragraph describing other passivation methods, it seems that the examples used were chosen in a somewhat arbitrary fashion and the treatment, overall, is far from being comprehensive. I think that this is important because, as I mentioned above, the real utility I see in the work is in the FEP tape-based passivation. I would also suggest that Fig. 2 be modified to facilitate a comparison of extract cellularization in chambers without passivation or with some other widely used, but perhaps less effective form of passivation.

We have carried out new experiments to compare extract dynamics in chambers with and without FEP tape-based passivation. The results clearly show that without FEP tape the cell-like compartments are more poorly organized. These new data have been presented as Figure 2B. We have also updated the main text, the legend to Figure 2, and materials table accordingly. 

Minor Concerns:
1. As written, the title of the protocol is misleading as it suggests the protocol will be focused on the imaging of the prepared extracts, consider "Preparation of Xenopus laevis egg extracts to visualize dynamic cytoplasmic organization by live imaging" instead.
The main contribution of this manuscript is the imaging method. However, per the request of the editor inviting this submission we have also included the extract preparation procedure we used in our related publication in 2019, so that together the procedures (imaging method + extract preparation) will yield the desired final product – the time-lapse images. 
[bookmark: _Hlk55072736][bookmark: _Hlk55073933]To address the reviewer’s concern, we have changed the title to “Xenopus laevis egg extract preparation and live imaging methods for visualizing dynamic cytoplasmic organization”. 

2. I may have simply missed it, but I could not find the number of frogs that were used in protocol. I am not sure it's critical, but at some threshold number of frogs the volumes of buffers used for some of the steps would have to be adjusted.
We have added a ``Note’’ to step 2.3 to clarify the frog usage. We typically induce 3 to 6 frogs for egg production, select the frog with eggs of the highest quality, and use only eggs from that frog for extract preparation. 

3. The authors should reference work from Field and Mitchison the first time actin-based gelation and contraction of extracts is mentioned in the text (I should note that this reference is included later in the manuscript).
We have added the reference (Field, Wühr, Anderson, Kueh, Strickland, and Mitchison, 2011) in the ``Note’’ to step 2.10, where actin contraction is first mentioned. 

4. The schematic in Fig. 1h (part 3) should be changed as it seems to suggest that imaging through the thick glass slide is possible (certainly with a low power, low NA objective). It this was the intent, fine. If the intent was to suggest that the slide could be mounted on either an upright or inverted microscopy, then it should be changed to better convey this message.
We have made the changes to Figure 1H as suggested. In the new illustration the objective is imaging through the thinner coverglass side of the assembly. 

5. The fluorescent images in Fig. 2 seem to have some sort of distortion around their edges. This should be corrected before publication.
We have double checked the uploaded original images in Figure 2 but could not identify any distortion. All of the images in the fluorescence channels match the original monochrome images obtained by the camera. 
We just noticed that the image quality was greatly reduced and some artifacts appear around the edges in the manuscript PDF preview generated by the online submission system. Perhaps something happened to the images as a result of format conversion in the online submission system, but here everything looks okay. 

6. The logic in lines 270-272 is no clear to me. Here the authors state "Finally, since we demonstrate our imaging methods with interphase extracts, the protease inhibitors we use are standard for interphase extracts15,21, and are somewhat different from those used for cycling extracts 16,21,23 and cytostatic factor-arrested extracts16." What is your basis that your protease inhibitor cocktail should be the standard? The implication is that because your experiments worked, your protease cocktail should be the standard, which is not necessarily true. Mitchison's group has used different preparations of interphase extracts, different protease inhibitors, and different passivation methods to generate "normal" asters. Furthermore, to attribute your success to the protease inhibitors used seems to be an overstatement and reach as far as a causality link.
We have removed these statements from the Discussion section. 

7. There are a few typos and minor issues with syntax that should be corrected.
We have proofread the manuscript and fixed these mistakes as much as we can.

Reviewer #4: 
Manuscript Summary:
The well-written manuscript describes a minimalist method for imaging self-organization of the cytoskeleton and organelles in Xenopus egg cytoplasm. Passivation of glass is a key step for imaging proteinaceous samples and the authors solve this efficiently through use of fluorinated polypropylene tape, eliminating the need for chemical surface treatments. The information is presented clearly and I found it straightforward to follow the steps of protocol. This is a welcome protocol for the community following a 2019 publication from Cheng and Ferrell in Science on topic of self-organization.

Minor Concerns:
I have only a few small notes for the authors.
1. Line 267-269: when describing omission of ATP regenerating system from the extracts the authors mentioned it can negatively impact the performance. Additional clarification should be provided about what aspects of the system are worse. It is quite common in protocols that use Xenopus egg cytoplasm to include this, so more of an explanation would be helpful.
We have updated the Discussion section to clarify this point. 
Briefly, when the ATP-regenerating mix described in the Deming and Kornbluth protocol is added to extracts supplemented with sperm nuclei, microtubules will occasionally form a crosslinked lattice that interferes with cytoplasmic pattern formation. We do not know why that happens, but since omitting the energy mix never caused this particular issue, we have chosen to carry out experiments without it. 

2. Authors describe a typical time course for self-organization at room temperature. Does this system also perform well at 18 C, but just more slowly.
Yes, the system performs well at 18 C. 
Interestingly, self-organized pattern formation proceeds at about the same pace at 18 C as it does at room temperature. 

3. Stacking spacers: lines 278-280. I think it would be helpful to indicate the maximum thickness the authors have used in such a setup. 
We have added that information in the Discussion section as suggested. 
We have used a stack of up to 6 spacers (each 120 µm in height). The cell-like compartments formed normally when examined with a stereoscope.
