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[bookmark: OLE_LINK643][bookmark: OLE_LINK644]Title: Femtoliter droplet array for massively parallel protein synthesis from single DNA molecules
Authors: Yi Zhang, Kanako Kurosawa, Daisuke Nishiura, Mika Tei, Mikiko Tsudome

[bookmark: OLE_LINK1636][bookmark: OLE_LINK1637][bookmark: OLE_LINK1638][bookmark: OLE_LINK1639]Dear Benjamin Werth (Sr. Science Editor) and Nam Nguyen (Manager of Review),

[bookmark: OLE_LINK1646][bookmark: OLE_LINK1647][bookmark: OLE_LINK1632][bookmark: OLE_LINK1633][bookmark: OLE_LINK87][bookmark: OLE_LINK133][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: _GoBack]I sincerely thank you, the editorial board, and three reviewers for spending time and effort in examining our manuscript. We have made an effort to respond to all comments and questions and revised the manuscript according to your suggestions. We updated the rebuttal letter to include our response to the second, the third, and the fourth editorial review (colored in blue, orange, and pink, respectively). All changes were marked in red in the very first revised manuscript for your convenience. A point-by-point response to the reviewers’ comments and questions is as follows.

[bookmark: OLE_LINK1192][bookmark: OLE_LINK1165]We hope that our thorough revision can satisfy you.

Sincerely yours,
Yi Zhang


Editorial comments (January 22, 2020):
Regarding your JoVE submission JoVE60945R3 Femtoliter droplet array for massively parallel protein synthesis from single DNA molecules, we have reviewed your video for step 1 of the written protocol. The quality of the video (both the camerawork and the encoding) are good. What we'd prefer would be unedited clips, though. Please send us the raw footage and specify which clip to use with each highlighted protocol step. Once this is done, we can formally accept your manuscript. 
You can upload the media at the following link: https://www.dropbox.com/request/FMUMZuebAF2Douq3l3nY
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK55][bookmark: OLE_LINK78][bookmark: OLE_LINK81][bookmark: OLE_LINK84]Response: We uploaded the video clips (60945_R1_20200126.zip) to the designated dropbox folder. A separate docx file (60945_R1_20200126.docx) in the uploaded zip file specified (highlighted in pink) every clip at the corresponding highlighted protocol step.

[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Editorial comments (January 6, 2020):
Please note that in order for any author submitted media to be included in the final JoVE produced video, we need to be provided with the media before acceptance. The media in question here is the clean room footage/still images. The media must meet our strict production standards. As the video component you are shooting is to be used in the video, only video and not audio is required. Please ensure that the video component that you shoot is professional grade to ensure that we can use it in the JoVE produced video. You can upload the media at the following link: https://www.dropbox.com/request/FMUMZuebAF2Douq3l3nY
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK41][bookmark: OLE_LINK42]Response: We prepared the required video material to cover the first section of the Protocol and uploaded it (60945_R1_20200106.mp4) to the designated dropbox folder. 

Furthermore, please note that the 2.75 page portion of the protocol represents the entirety of the protocol section of the video. You may want to revise the highlighting in the protocol in light of this. There is also a 15 min restriction on the entire length of the JoVE video. 
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK52]Response: We revised the highlighting as well as some of the text to be within around 2.75 pages. 

[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Editorial comments (January 1, 2020):
Your manuscript, JoVE60945R1 "Femtoliter droplet array for massively parallel protein synthesis from single DNA molecules," has been editorially reviewed and the following comments need to be addressed. 

[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK1642][bookmark: OLE_LINK1643]1) Please revise the highlighting in the video to be 2.75 pages or less including the one line spacer between steps. Currently there is 4 pages highlighted. This 2.75 page limit is to ensure that the videography occurs in a single day.
[bookmark: OLE_LINK1644][bookmark: OLE_LINK1645][bookmark: OLE_LINK1630][bookmark: OLE_LINK1631][bookmark: OLE_LINK1640][bookmark: OLE_LINK1641][bookmark: OLE_LINK1648][bookmark: OLE_LINK1649]Response: We revised the highlighting to be less than 2.75 pages, including the one line spacer between steps. In brief, we completely canceled the highlighting for the first section (“1. Microfabrication of femtoliter microchamber array substrate”) of the PROTOCOL; but it does not mean that this part will not be included in the final video. As we told the Editor before the initial submission, the microfabrication experiment was carried out in a cleanroom outside our institute. Since these two locations are more than an hour drive apart, we have been told that it is impossible to film at both on the same day. Through an consultation with the Editor, we decided to provide our own high-quality footage (or still images) from the second site. Now, the length of the retained highlighting can ensure that the videography (by the journal’s appointed videographer) occurs in a single day.

Editorial comments (December 11, 2019):
The manuscript has been modified and the updated manuscript, 60945_R0.docx, is attached and located in your Editorial Manager account. Please use the updated version to make your revisions.
[bookmark: OLE_LINK1652][bookmark: OLE_LINK1653][bookmark: OLE_LINK1650][bookmark: OLE_LINK1651][bookmark: OLE_LINK1654][bookmark: OLE_LINK1655]Response: We used the updated version (60945_R1.docx) to make our revisions. We noticed that some texts were improved, and the red marks were removed from this version. 

[bookmark: OLE_LINK1100][bookmark: OLE_LINK1101]1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Response: We proofread the revised manuscript.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. 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].”
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Response: All figures in the submitted manuscript are original. None of them was reproduced or modified from other publications.

3. Please highlight complete sentences (not parts of sentences) for filming.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK1076][bookmark: OLE_LINK1077][bookmark: OLE_LINK1085][bookmark: OLE_LINK1086]Response: We revised some parts of the protocol. Only the complete sentences are now highlighted for filming. But the words in the parentheses should be excluded for the filming.

4. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next.
Response: We confirmed the logical flow of the highlighted steps.

[bookmark: OLE_LINK1130][bookmark: OLE_LINK1131]5. Please define all abbreviations before use.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK1104][bookmark: OLE_LINK1105]Response: We defined all abbreviations before use.

6. Please avoid long steps/notes (more than 4 lines).
[bookmark: OLE_LINK1110][bookmark: OLE_LINK1111][bookmark: OLE_LINK1114][bookmark: OLE_LINK1115]Response: We shortened the long steps and notes to no more than 4 lines.

[bookmark: OLE_LINK1122][bookmark: OLE_LINK1123]7. Please split some long steps into two or more sub-steps so that each step is less than 4 lines.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK1124][bookmark: OLE_LINK1125]Response: We split the long steps into sub-steps less than 4 lines. 

8. Please do not highlight a step without highlighting any of the sub-steps for filming.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK1586][bookmark: OLE_LINK1587]Response: We checked the highlight steps. Because the highlight steps reached the page limit, we only highlighted a small part about the software use.

Reviewers' comments:
Reviewer #1:

Manuscript Summary:
This manuscript provides a complete summary of the work published in Science Advances. The work describes a cell-free protein synthesis platform using femtoliter arrays to measure single copies of DNA/RNA. The paper is well written and provides a comprehensive experimental description and diverse and useful protocols for the scientific community.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK112][bookmark: OLE_LINK113]Response: We thank the Reviewer for the very positive evaluation of our work.

Major Concerns:
None

Minor Concerns:
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK76][bookmark: OLE_LINK77]I am not sure I agree with the interpretation of the ability to count numbers of molecules of DNA/RNA by looking at droplet intensities. It is well known that there are differences in enzyme activity due to static heterogeneity. The distribution is likely a convolution of both enzyme activity and number of DNA/RNA molecules
[bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK1132][bookmark: OLE_LINK1133][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK66][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK106][bookmark: OLE_LINK107]Response: First of all, just to clear up some potential misunderstanding, we would like to emphasize that we did not count the number of RNA molecules in individual droplets. This Minor Concern would be an open discussion about the heterogeneity of enzyme activity, which is an active research topic. Yes, the static heterogeneity, which is mainly exemplified with individual active and inactive molecules in a population, is a widely accepted opinion on single-molecule enzymology. Our study neither supports nor challenges this idea, as we did not characterize individual enzyme molecules in the droplet reactor. In general, there are many active enzyme molecules synthesized from a single DNA molecule in a single droplet. So our FemDA is still a system that deals with a large molecule ensemble. There may be a small fluctuation in the actual number of active enzyme molecules among droplets containing the same number of template DNA molecules, but the “averaged” ensemble is generally stable. We proved this point in our previous publication using many kinds of fluorescent proteins and enzymes (Science Advances, 2019, 5, eaav8185). Back to the Reviewer’s Minor Concern, the droplet intensity at a given time point is determined by the product of the “averaged” enzyme activity and the number of enzyme molecules. Because the quantity of enzyme molecules is predominantly proportional to the number of template DNA molecules, we can directly correlate the droplet intensity with the number of DNA molecules. We have detailed this point in the previous publication (Science Advances, 2019, 5, eaav8185).

Reviewer #2:

Manuscript Summary:
This paper describes a protocol for how to fabricate a droplet array for a cell-free protein synthesis with single DNA molecules.

Minor Concerns:
This paper is well-written and is suitable for the publication in JoVE. I have one question: some words and sentences are colored yellow in the PDF file. Is this intentional? (do the authors wish to emphasize them?) or did the authors forget to erase the color?
[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK119]Response: We thank the Reviewer for the very positive evaluation of our work. We followed the Instructions-for-Authors of the journal (https://www.jove.com/files/Instructions_for_Authors.docx) to prepare the manuscript. The yellow highlighting indicates the essential parts of the protocol to be filmed.

Reviewer #3:

Manuscript Summary:
Kanako et al. present a protocol for fabricating and operating femtoliter droplet arrays. In combining several different experimental techniques, ranging from microfabrication to cell-free protein synthesis, microscopy and automated image analysis, this protocol paper can help to further popularize the Cytop based droplet array slides in the community.
Response: We thank the Reviewer for the positive evaluation of our work.

Major Concerns:

Nonetheless, several aspects must be addressed in the draft:

[bookmark: OLE_LINK885][bookmark: OLE_LINK886][bookmark: OLE_LINK926][bookmark: OLE_LINK927][bookmark: OLE_LINK883][bookmark: OLE_LINK884][bookmark: OLE_LINK911][bookmark: OLE_LINK912][bookmark: OLE_LINK909][bookmark: OLE_LINK910][bookmark: OLE_LINK1024][bookmark: OLE_LINK1025][bookmark: OLE_LINK130][bookmark: OLE_LINK889][bookmark: OLE_LINK890][bookmark: OLE_LINK1012][bookmark: OLE_LINK1013][bookmark: OLE_LINK1014][bookmark: OLE_LINK1015][bookmark: OLE_LINK1032][bookmark: OLE_LINK1033][bookmark: OLE_LINK29][bookmark: OLE_LINK36][bookmark: OLE_LINK1022][bookmark: OLE_LINK1023][bookmark: OLE_LINK1030][bookmark: OLE_LINK1031][bookmark: OLE_LINK28][bookmark: OLE_LINK1036][bookmark: OLE_LINK1037][bookmark: OLE_LINK1068][bookmark: OLE_LINK1069][bookmark: OLE_LINK1070][bookmark: OLE_LINK1071]1) While well-plates and the overall motivation of microfluidics to advance miniaturization is covered unduly extensively, 1)the more relevant context of CFPS in microcompartments, 2)as well as the history of the Cytop droplet array (PMID 26101788, 25058452, 29177838) is covered so briefly - or not at all - that this can be perceived as unfavorably deceptive. 3)How do different CFPS fluidics compare to the droplet array method presented here? Please note that emulsion droplet reactions have been stored in microscope slides for time-trace analysis (i.e. Rondelez lab) and thus in practice are much more similar to droplet arrays then what the reader is likely to conclude from the current presentation, and have been used to study bio-chemical kinetics (i.e. PMID 29921909 vs. p.2 l.120 ). 4)Using injection loops, droplet fluidic solutions with zero dead volume are available (Fraden lab vs. p. 2 l131) and long-term storage (p3. l134) is equally simple with emulsion droplets and can be considered a standard in the microfluidics community. 5)How much of the 10 ul loaded into the array chip are actually deposited in the wells, and accordingly how much 'deadvolume' remains un-used?
[bookmark: OLE_LINK1096][bookmark: OLE_LINK1097]Response: We thank the above comment, which serves to improve our manuscript by better clarifying the advantage of our method. Overall, we refined the background introduction to satisfy the Reviewer. Since the comment included several questions and concerns, we would like to separate it into five main points, as underlined and numbered, and respond to them individually as follows. 
1) [bookmark: OLE_LINK974][bookmark: OLE_LINK975][bookmark: OLE_LINK891][bookmark: OLE_LINK892][bookmark: OLE_LINK1004][bookmark: OLE_LINK1005][bookmark: OLE_LINK994][bookmark: OLE_LINK995][bookmark: OLE_LINK1006][bookmark: OLE_LINK1007][bookmark: OLE_LINK1010][bookmark: OLE_LINK1011][bookmark: OLE_LINK1002][bookmark: OLE_LINK1003][bookmark: OLE_LINK992][bookmark: OLE_LINK993]To cover the whole spectrum of the huge topic of CFPS in microcompartments, we revised the text and newly cited several well-written review papers in the first paragraph of Introduction. These reviews summarized the past approaches for CFPS in microcompartments, including the emulsion droplet systems. As a recent review (PMID 31780816) recognized, our FemDA system is the smallest reactor that can be used for CFPS, which is consistent with our logic in the Introduction section.
2) [bookmark: OLE_LINK938][bookmark: OLE_LINK939][bookmark: OLE_LINK930][bookmark: OLE_LINK931][bookmark: OLE_LINK932][bookmark: OLE_LINK933][bookmark: OLE_LINK934][bookmark: OLE_LINK935][bookmark: OLE_LINK1588][bookmark: OLE_LINK1589][bookmark: OLE_LINK942][bookmark: OLE_LINK943][bookmark: OLE_LINK944][bookmark: OLE_LINK945]To better introduce the development history of CYTOP droplet array, we added some words in Introduction by emphasizing a prototype work (PMID 21031171). As one of the suggested references (PMID 26101788) was not so representative (only changed the target enzyme but with the same approach used in PMID 21031171) from the historical perspective, we excluded its citation. The remaining two suggested references (PMID 25058452 and 29177838) were essentially the same work by the same authors (Watanabe et al.). They expanded the CYTOP device from the water-in-oil droplet system to a lipid bilayer system. We newly added their work to the Introduction.
3) [bookmark: OLE_LINK1016][bookmark: OLE_LINK1017][bookmark: OLE_LINK1018][bookmark: OLE_LINK1019][bookmark: OLE_LINK1034][bookmark: OLE_LINK1035][bookmark: OLE_LINK1020][bookmark: OLE_LINK1021][bookmark: OLE_LINK1090][bookmark: OLE_LINK1091][bookmark: OLE_LINK1026][bookmark: OLE_LINK1027][bookmark: OLE_LINK1028][bookmark: OLE_LINK1029][bookmark: OLE_LINK1062][bookmark: OLE_LINK1063][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK128][bookmark: OLE_LINK129]The Reviewer’s question turned back to the first one. The difference can thus be found in the newly added review papers above. In brief, compared to the emulsion droplet developed by Rondelez lab, the static droplet array holds several distinct advantages in terms of droplet size, microcompartment isolation/stability, droplet monodispersity, fixed position, and so forth. As one of our newly cited review papers (PMID 31200276) suggested, the droplet position in an array allowed a convenient spatial indexing and longer incubation times. On the other hand, you could find the issues/challenges in emulsion droplet systems from some recent reviews (e.g., PMID 28631799, 31769655). These disadvantages of previous approaches motivated us to develop and further push forward the FemDA system. According to the journal’s guideline, we also stated the limitations of our current system in the final Discussion. In general, there could always be pros and cons associated with every research tool. Users can choose any one of the existing tools according to their respective needs, including the bio-chemical kinetics studies mentioned by the Reviewer. The authors in the suggested paper (PMID 29921909) applied a delay-line system (PMID 19417899) to improve the control precision of on-chip incubation time. There are still many other factors compromising the signal accuracy of microfluidic sorting systems. Considering this suggested reference, we modified our description around here.
4) [bookmark: OLE_LINK1058][bookmark: OLE_LINK1059][bookmark: OLE_LINK1048][bookmark: OLE_LINK1049][bookmark: OLE_LINK1050][bookmark: OLE_LINK1051][bookmark: OLE_LINK1038][bookmark: OLE_LINK1039][bookmark: OLE_LINK1094][bookmark: OLE_LINK1095][bookmark: OLE_LINK1052][bookmark: OLE_LINK1053][bookmark: OLE_LINK1054][bookmark: OLE_LINK1055][bookmark: OLE_LINK1066][bookmark: OLE_LINK1067][bookmark: OLE_LINK1060][bookmark: OLE_LINK1061]We never wrote that FemDA is the only system capable of achieving zero dead volumes and long-term storage. There are several other groups (e.g., Daniel Chiu@ University of Washington) that also succeeded in the zero dead volume or long-term storage on microfluidic chips. However, small or large dead volumes caused by the tubing system, which is generally required by integrated microfluidic chips, are still a general issue in this field. In contrast, our FemDA does not use tubing or sophisticated external supplies for operation. We revised the text around here to confine our statement more specific.
5) About 10 nl is actually deposited in the wells. So near 10 ul can be recovered and re-used.

[bookmark: OLE_LINK467][bookmark: OLE_LINK468]Accordingly, please recalibrate those statements. Furthermore, Cytop has been extensively used as a surface treatment agent in microfluidics in the past, please reference this line of work (p1. l77).
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK473][bookmark: OLE_LINK474][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK471][bookmark: OLE_LINK472][bookmark: OLE_LINK469][bookmark: OLE_LINK470][bookmark: OLE_LINK124][bookmark: OLE_LINK125]Response: We know that CYTOP has been extensively used in MEMS and electrowetting fields. We searched the database of Web of Science to confirm the relevance of the surface treatment in microfluidics. We cited their representative publications in the revised manuscript. 

[bookmark: OLE_LINK579][bookmark: OLE_LINK580][bookmark: OLE_LINK585][bookmark: OLE_LINK586]2) Throughout, previous own work is referenced unsatisfactorily. I.e. Fomblin Y25, ALP, DiFMUP etc. have been utilized in essentially identical experiments Zhang et al. 2019 (Ref 7) and the relation of this protocol manuscript in comparison to the one from Ref 7 has to be presented clearly. Where are both procedures identical or deviate from each other. For example: How can the combination of AE-3000 and S-386 be "established in this study" (p 2, l124) if it has been used already in Ref 7? Please re-consider similar constructions in the remaining manuscript as well.
[bookmark: OLE_LINK581][bookmark: OLE_LINK582][bookmark: OLE_LINK593][bookmark: OLE_LINK594][bookmark: OLE_LINK1136][bookmark: OLE_LINK587][bookmark: OLE_LINK588][bookmark: OLE_LINK1134][bookmark: OLE_LINK1135][bookmark: OLE_LINK589][bookmark: OLE_LINK590][bookmark: OLE_LINK583][bookmark: OLE_LINK584][bookmark: OLE_LINK591][bookmark: OLE_LINK592]Response: We have stated the relation of this protocol paper and our recent paper (Zhang et al., Science Advances, 2019) in the very first paragraph of Introduction. As the journal required, we detailed the protocol in this paper for the first time that had not been detailed in our previous paper and other papers. Yes, most of the commercial reagents have been utilized in essentially identical experiments to Zhang et al. 2019. To emphasize the relation, we revised the text and added citations of our previous paper when we applied the essentially identical reagents or procedures. Now no “this study” or “this work” was involved in the revised manuscript.

[bookmark: OLE_LINK131][bookmark: OLE_LINK132]3) Compared to conventional soft-lithography for PDMS-microfluidics, the DRIE process required here, especially with an oxygen process-gas, is a rather un-usual and also pricy equipment that is not easily available - especially for biology labs without microfabrication expertise, which are (should be) the majority of the target audience.
[bookmark: OLE_LINK693][bookmark: OLE_LINK694][bookmark: OLE_LINK138][bookmark: OLE_LINK595][bookmark: OLE_LINK596][bookmark: OLE_LINK137]Given the already detailed PDMS flow cell procedure, it appears an overall simple exercise for the authors to include the replica-molding approach developed by Eto et al (PMID 31136146) in this protocols paper as a low cost and more readily accessible alternative to DRIE fabrication.
[bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK601][bookmark: OLE_LINK602][bookmark: OLE_LINK597][bookmark: OLE_LINK598][bookmark: OLE_LINK603][bookmark: OLE_LINK604][bookmark: OLE_LINK605][bookmark: OLE_LINK606][bookmark: OLE_LINK607][bookmark: OLE_LINK699][bookmark: OLE_LINK691][bookmark: OLE_LINK692][bookmark: OLE_LINK1098][bookmark: OLE_LINK1099]Response: We thank the Reviewer for the suggestion of another fabrication method. First, this is not a DRIE process. It was RIE, a much simple process using facilities much cheaper than that of DRIE. Regarding the facility cost, the microfabrication of the SU-8 master in the suggested study (PMID 31136146) still requires the mask aligner with a price much higher than the RIE machine. Yes, the RIE equipment is not inexpensive, and even not available for our small lab. As we disclosed in Acknowledgments, we used a central microfabrication infrastructure in our local area to conduct this RIE processing. So that people only need to pay an inexpensive fee as a user of the shared facility. To our knowledge, the shared central infrastructure is generally available not only in Japan (25 institutes widely distributed in the country to serve all the people who want to use: https://www.nanonet.go.jp/content/files/NanotechnologyPlatform_8p_pamphlet.pdf) but also in research institutes and universities worldwide. 
[bookmark: OLE_LINK695][bookmark: OLE_LINK696][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK1137][bookmark: OLE_LINK1138][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35]Regarding the suggested recent paper (PMID 31136146), there were at least two big differences compared to FemDA: (1) The resulting microchamber in Eto et al.’s device is totally composed of the hydrophobic CYTOP material; while in FemDA, the complete removal of hydrophobic CYTOP, as well as consequent full exposure of the hydrophilic glass surface, is required for the stable retention of aqueous solution in the femtoliter space. (2) They said that the replica molding method leads to an uncontrollable volume variation. In fact, they did not conclude that replica molding is totally better than RIE. Conversely, as clearly stated by Eto et al. in their paper, variations in the way the PDMS stamp is pressed down onto the uncured CYTOP can sometimes cause deformed structures. Also, there can be random damages on the CYTOP layer when the PDMS stamp is peeled off. Some of their data also revealed the larger variation of signal intensities on the replica molded device than that on the RIE counterpart. Some of the data obtained with the replica molded device were only available in Supporting Information but not in the main text because of the relatively low data quality. Besides, they only cured the CYTOP for short at a temperature (50 oC) much lower than the suggested curing temperature (180~200 oC) of CYTOP and even lower than the boiling point (100 oC) of the solvent (please refer to https://www.agc-chemicals.com/file.jsp?id=jp/en/fluorine/products/cytop/download/pdf/Cytop_tech_7_curing_conditions.pdf). CYTOP in their device may not be fully cured. That should be problematic in some way if their method is not compatible with high temperature. 

[bookmark: OLE_LINK773][bookmark: OLE_LINK774][bookmark: OLE_LINK1141]4) Please provide a final name for the plugin (p13, l. 590). Also, please include the plugin as a supplement, or as a github link or via the ImageJ site. Otherwise, remove section 7 altogether, as the standard of scientific reproducibility is not achieved without providing the plugin with the manuscript. I consider this to be a rather helpful tool and congratulate the authors for developing it. It is beyond me how a detailed software manual can be included with the manuscript without providing the software itself.
[bookmark: OLE_LINK1139][bookmark: OLE_LINK1140][bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK775][bookmark: OLE_LINK776][bookmark: OLE_LINK1142][bookmark: OLE_LINK1143][bookmark: OLE_LINK777][bookmark: OLE_LINK778][bookmark: OLE_LINK791][bookmark: OLE_LINK792][bookmark: OLE_LINK795][bookmark: OLE_LINK796][bookmark: OLE_LINK793][bookmark: OLE_LINK794][bookmark: OLE_LINK797][bookmark: OLE_LINK798]Response: According to the comment, we provided the final name of the plugin in the revised manuscript. The journal’s guideline requests the authors to provide all specific details (e.g., button clicks, software commands, any user inputs, etc.) needed to execute the actions on software. So we still retained Section 7 in the revised manuscript. We have already provided the route for getting the software in the initial manuscript. Now, to make the plugin more freely accessible to anyone, we offered an alternative official download link (https://fbox.jamstec.go.jp/public/1c6kwAhMusqA3nsBi8dvLpcJTyFGNTG7xzffsAqHVqAR) in the revised manuscript. 

Minor Concerns:

p2
[bookmark: OLE_LINK801][bookmark: OLE_LINK802][bookmark: OLE_LINK799][bookmark: OLE_LINK800]l.175: please comment on shelf life, storage temp/ atmosphere for silane and other chemicals for optimal results. How can bad reagent stocks be noticed..
[bookmark: OLE_LINK805][bookmark: OLE_LINK806][bookmark: OLE_LINK803][bookmark: OLE_LINK804][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK854][bookmark: OLE_LINK855]Response: We commented on the shelf life, storage temperature/ atmosphere for silane and other chemicals as far as we know in the revised manuscript. The second sentence of this comment was not so clear. We do not recommend using any expired reagents. 

p4
[bookmark: OLE_LINK856][bookmark: OLE_LINK857]l. 198: Given the criticality of the vacuum chuck, please include a technical drawing, since the photograph Fig 1A is insufficient for re-producing the chuck. Please refer to Fig 1A here as well.
Response: According to the comment, we revised Figure 1 to include the drawing of the vacuum chuck. We also referred to Figure 1A here in the revised manuscript.

p5
[bookmark: OLE_LINK872][bookmark: OLE_LINK873][bookmark: OLE_LINK874][bookmark: OLE_LINK875]l. 228 and 258: fringe patterns
[bookmark: OLE_LINK876][bookmark: OLE_LINK877][bookmark: OLE_LINK1144][bookmark: OLE_LINK1145]Response: This is an incomplete sentence. We speculate that the Reviewer may want us to provide the photograph of fringe patterns. So we added two photos (one representing a good example and the other one representing a bad example) for each of the steps in Figure 1C and Figure 1D, respectively. The journal offers the Reviewer and readers the high-resolution figures. 

p11
[bookmark: OLE_LINK878][bookmark: OLE_LINK879][bookmark: OLE_LINK880][bookmark: OLE_LINK949]l. 513: please include photographs of this step
Response: According to the comment, we included the requested photographs in Figure 2 in the revised manuscript.

p15
[bookmark: OLE_LINK881][bookmark: OLE_LINK882]l. 670: How was this measurement performed? Pleas provide confocal Z-data on droplet volume consistency, or use a dequenching fluorophore concentration to infer actual volume changes.
[bookmark: OLE_LINK1559][bookmark: OLE_LINK1560][bookmark: OLE_LINK960][bookmark: OLE_LINK961]Response: The Fig. 2 of the reference (Noji, H. The 17th International Conference on Solid-State Sensors, Actuators and Microsystems (TRANSDUCERS & EUROSENSORS XXVII).  630-632 (2013)) cited herein showed the severalfold difference on fluorescence intensity over the droplet array. 
[bookmark: OLE_LINK1561][bookmark: OLE_LINK1562][bookmark: OLE_LINK1563][bookmark: OLE_LINK1564][bookmark: OLE_LINK1565]According to the comment, we provided the confocal z-stack time-course data in Figure 3D. We also attached the corresponding 3D time-course data as new supplementary materials for readers.

P18
l. 801: Please provide spin-speed reference curve data.
Response: We provided the requested data in Figure 1B in the revised manuscript.
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