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February 4, 2019

Dr. Xiaoyan Cao:
Review Editor
Journal of Visualized Experiments

Dear Dr. Cao

I wish to submit our revised manuscript for publication in the Journal of Visualized Experiments, titled “Bacterial Cell Culture at the Single-Cell Level Inside Giant Vesicles”. The paper was coauthored by Yuri Ota, Kaoru Katoh, and Naohiro Noda. 

We greatly appreciate the thoughtful and constructive feedback of the reviewers. We have addressed the concerns of the reviewers in the revised manuscript.

Provided below are our point-by-point responses to each of the concerns raised by the reviewers. We have highlighted the revised text in the manuscript for your ready reference. We hope that the revised manuscript is now considered suitable for publication. We look forward to hearing from you favorably.


Sincerely yours,
[image: ]

Masamune Morita, Ph.D.
Researcher / Excellent Young Researchers of MEXT (LEADER)
Biomedical Research Institute, National Institute of Advanced Industrial Science and Technology (AIST)
Center 6, 1-1-1 Higashi, Tsukuba, Ibaraki, 305-8566, Japan
Tel: +81-29-861-8062, Fax: +81-29-861-6400
E-mail: morita.m9@aist.go.jp


**************************************************************************
With respect to the comments of editor:

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 appreciate your thoughtful and constructive comments, which have helped us to improve the quality of our manuscript.


2. Please add more details to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. 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. See examples below.

· We appreciate your thoughtful and constructive feedback, which has helped us to improve the quality of our manuscript.


3. 1.1, 1.4.1: List an approximate volume of stock solutions to prepare would be helpful.

· Thank you for the helpful suggestion. Following your suggestion, we have revised the manuscript.

Line 68−71
Prepare a lipid stock solution of 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC, 10 mM, 1 mL) and 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[biotinyl(polyethyleneglycol)-2000] (biotin-PEG-DSPE, 0.1 mM, 1 mL) in chloroform/methanol solution (2/1, v/v) and store the stock at -20 °C.

Line 102−103
The stock glucose concentration is 500 mM (20 mL).
Line 107−108
The stock sucrose concentration is 500 mM (20 mL).


4. 1.2.2: Is this (evaporation) done in a fume hood? If so, please include safety procedures in a “Note”.

· Thank you for the helpful suggestion. Following your suggestion, we have added a new sentence in the revised manuscript.

Line 80
Note: It is necessary to evaporate the organic solvent in a fume hood.


5. 1.2.3: Please provide the composition of mineral oil. If it is purchased, please include product information in the Table of Materials.

· Thank you for the helpful suggestion. The mineral oil is a commercial product. We have provided the product information of the mineral oil in the Table of Materials.


6. 1.2.4, 2.1.4: Do you mean wrapping the outside of the glass vial? Please specify the power used for ultrasonication.

· We apologize for the confusion. Following your suggestion, we have revised the section.

Line 84−85 and 154−155
Wrap the opening part of the glass vial with film and sonicate it in an ultrasonic bath (120 W) for at least 1 h.


7. Discussion: Please also discuss critical steps within the protocol and future applications of this technique.

· Thank you for your thoughtful and constructive feedback, which has helped us to improve the quality of our manuscript. Following your suggestion, we have added new sentences and references in the revised manuscript.

Line 273−278
In this protocol, the stability of the oil-water interface is important for obtaining GVs containing bacterial cells (Figure 1b-(vii)). To obtain many GVs, it is essential to flatten the oil-water interface. Therefore, proper preparation of the oil phase is necessary. We sonicated the oil phase for at least 1 h in a high-power ultrasonic bath (120 W) to completely dissolve the lipid molecules. It is important to layer the oil phase on the outer aqueous solution immediately after sonication (Figure 1b-(vii)).

Line 303−306
Our bacterial culture method is a potentially new concept and tool in microbiology19 to culture unknown environmental bacteria for obtaining or analyzing their metabolic products. Moreover, our bacterial cell-containing GVs are a hybrid system of an artificial cell model (GVs) and a living cell (bacterial cells) to make a new tool for biotechnology28 and bottom-up synthetic biology29.

References
28. Trantidou, T., Dekker, L., Polizzi, K., Ces, O., Elani, Y. Functionalizing cell-mimetic giant vesicles with encapsulated bacterial biosensors. Interface Focus. 8, 20180024 (2018).
29. Elani, Y. et al. Constructing vesicle-based artificial cells with embedded living cells as organelle-like modules. Scientific Reports. 8, 4564 (2018)


8. References: Please do not abbreviate journal titles.

· We apologize for the abbreviation of journal titles in the references. Following your suggestion, we have revised the references in the manuscript.

9. Figure 1: Please correct typo (Evaporation instead of Evapolation). Please be consistent whether “w/o” or “W/O” is used throughout the figure and define the abbreviation in the figure legend. Please use sentence case for “Add Mineral oil… & Sonication” (i.e., change it to Add mineral oil… & sonication).

· We apologize for the mistake. Following your comments, we have revised figure 1 and its legend, and have used “W/O” consistently in the revised manuscript.

Line 48, 117, 133, 201, 204, 231, 238, 281, 291, 300

10. Figure 3: Please indicate what arrows represent in the figure legend.

· Following your comments, we have revised the manuscript.

Line 246−248
Figure 3. Phase-contrast microscopy image of GVs containing single bacteria (indicated by the black arrows).


11. Table 1: Please include a title and a description for Table 1 in the figure legend.

· Following your comments, we have added a new sentence in the revised manuscript.

Line 253
Table 1. The contents and volumes of the outer and inner aqueous solutions of GVs.


12. Table of Equipment and Materials: Please sort the items in alphabetical order according to the name of material/equipment.

· Following your comments, we have revised the table of materials and equipment.




**************************************************************************
With respect to the comments of reviewer 1:

Manuscript Summary:
The manuscript of Morita et al., describes an easy protocol for encapsulating live bacteria inside Giant Vesicles.
Figure 3 clearly shows that bacteria divide according to a normal cell cycle lifespan.

· Thank you for your thoughtful and constructive comments.

Minor Concerns:
1. To strengthen the claim made on the title (single-cell level), authors should make some statistics to showing the encapsulation profile (frequency of events vs, number of bacterial cells encapsulated inside single GUVs)

· Thank you for your thoughtful comment. Following your suggestion, we have provided new data for the statistical analysis of the number of encapsulated bacterial cells per GVs. The relative frequency of GVs containing a given number of bacterial cells is shown in new Figure 4. In our experimental condition (OD600 = 0.01–0.015), bacterial cells were encapsulated at the single cell level in approximately 10% of the obtained GVs (empty GVs were approximately 80%). The GVs encapsulated at the single cell level were approximately 50% of the GVs containing bacterial cells. Therefore, we have added a new figure, figure legend, and sentence and revised the sentence in the revised manuscript.

Line 222−226
The relative frequency of GVs containing a given number of bacterial cells is shown in Figure 4. In our experimental condition (OD600 = 0.01–0.015), bacterial cells were encapsulated at the single cell level in approximately 10% of the obtained GVs (empty GVs were approximately 80%). The GVs encapsulated at the single cell level were approximately 50% of the GVs containing bacterial cells.

Line 250−251
Figure 4. Statistical analysis of the number of encapsulated bacterial cells per GV. The relative frequencies of GVs were plotted as histograms. A total of 235 GVs were analyzed.

Line 284−287
Second, the number of encapsulated bacterial cells cannot be perfectly controlled. Figure 4 shows that a large number of bacterial cells were encapsulated in the GVs, and therefore, it is difficult to control the number of bacterial cells in GVs using the droplet transfer method.


2. Comment the influence of the mineral oil layer between lipid monolayers on the permeability of nutrients for bacterial growth (in particular oxygen)

· Thank you for your insightful comment. Indeed, this is a very interesting point. Oil molecules (mineral oil in this case) remain in the membrane when using the droplet transfer method, as has been pointed out by Weitz’s group (Pautot, S., et al., Langmuir. 19 (7), 2870−2879, 2003). We do not know the influence of the oil remaining in the membrane on the permeability of nutrients or oxygen for bacterial growth in the present study. However, we consider that the amount of nutrients and gas in the growth medium was enough for bacterial growth in the present study. However, the permeability of nutrients or gas is very important for bacterial cell growth and is an important topic for future study. Therefore, we have added new sentences in the revised manuscript.

Line 290−301
[bookmark: _GoBack]GVs may control their inner aqueous solution more effectively than other materials (gel droplets12,13 or W/O droplets5,11). For example, the aqueous conditions of the inner and outer solutions of GVs are altered by natural membrane permeability26 or permeability facilitated by a membrane pore16 or transporter27. In the present method, oil molecules (mineral oil in this case) remained in the membrane20. The influence of the oil remaining in the membrane on the permeability of nutrients or oxygen for bacterial growth is unknown. Although we do not know the natural membrane permeability of nutrients or oxygen, we consider that the amount of nutrients or oxygen in the growth medium was enough for bacterial growth in the present study. The natural membrane permeability of nutrients or oxygen is very important for bacterial cell growth and is an important topic for future study. The technique for controlling permeability cannot be conducted using the culture method with gel droplets12,13 or W/O droplets5,11. GVs will thus become the first choice for bacterial culture applications in a confined space.

3. Shaking is widely used to improve bacterial growth. Include some comments on how to setup this on the experimental protocol.

· Thank you for your thoughtful comment. It is not necessary to perform “shaking” in this experiment as our culture method is a static culture. We apologize for the confusion. Following your suggestion, we have added a new sentence in the revised manuscript.

Line 193
Note: Incubate this sample at a static condition.





**************************************************************************
With respect to the comments of reviewer 2:

Manuscript Summary:
This brief methods paper reports a method for encapsulating bacteria into giant vesicles produced through the droplet interface transfer technique. The utility and general interest of the method for the field is unclear. However, the manuscript is of a reasonable quality based on the review criteria of JoVE. I recommend publication after the major comment below is addressed.

· Thank you for your thoughtful and constructive comments. 

Major Concerns:
The authors citation to the literature and comparison with other methods is inadequate. The authors should more thoroughly cite the GUV literature since they make claims that their method is 'simpler'. There are many recent methods that have been published such as cellulose paper-abetted hydration and gel-assisted hydration for making GUVs that the author should cite and compare with their method. The authors currently only compare their method with the gentle hydration technique, which is not very widely used in the field.

· Thank you for your thoughtful and constructive comments. Indeed, the droplet transfer technique for preparing GVs containing bacterial cells is simpler (not simplest) than the classical hydration and microfluidics methods. Cellulose paper-abetted hydration and gel-assisted hydration methods for making GVs have a high encapsulation efficiency of biomolecules compared with the classical gentle hydration method. Their encapsulation efficiency is as high as that of the droplet transfer technique, and it is expected that these methods may allow the encapsulation of cells inside GVs. Following your comments, we have revised the manuscripts and added new sentences and references in the revised manuscript.

Line 258−268
Compared with other approaches for obtaining GVs containing bacterial cells, this method has two advantages: i) it is easy to develop, and ii) a small volume (2 μL) of the sample solution is required to prepare the GVs. The droplet transfer method20 for preparing GVs containing bacterial cells is simpler than the classical hydration22 and microfluidics methods17. For example, the classical hydration method22 is a simple and easy method for preparing GVs, but the encapsulation efficiency of materials into GVs is quite low and at least a few hundred microliters of sample is required. The recently developed cellulose paper-abetted hydration23 and gel-assisted hydration24 methods for making GVs have a high encapsulation efficiency of biomolecules compared with the classical hydration method22. Their encapsulation efficiency is as high as that of the droplet transfer technique, and it is expected that these two methods may allow the encapsulation of cells inside GVs.

References
20. Pautot, S., Frisken, B. J., Weitz, D. A. Production of Unilamellar Vesicles Using an Inverted Emulsion. Langmuir. 19(7), 2870-2879 (2003).
22. Tsumoto, K., Matsuo, H., Tomita, M., Yoshimura, T. Efficient formation of giant liposomes through the gentle hydration of phosphatidylcholine films doped with sugar. Colloids and Surfaces B: Biointerfaces. 68, 98-105 (2009).
23. Li, A., Pazzi, J., Xu, M., Subramaniam, A. B. Cellulose abetted assembly and temporally decoupled loading of cargo into vesicles synthesized from functionally diverse lamellar phase forming amphiphiles. Biomacromolecules. 19, 849-859 (2018).
24. Weinberger, A. et al. Gel-assisted formation of giant unilamellar vesicles. Biophysical Journal. 105, 154-164 (2013).
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