We would like to extend a sincere thank you to each reviewer for evaluating our manuscript. We have itemized and addressed the feedback in the blue text below. 
Reviewer #1:

Minor Concerns:

1) The authors emphasize that the temperature control has two advantages: facilitating the DIB formation especially for lipids whose transition temperature is above room temperature and enabling temperature dependent experiments. The latter advantage is well illustrated by the representative results, but the former point may be more demonstrated. Could the authors provide an example of DIB formation which is very difficult at room temperature and made easier by the temperature raise induced by their setup?
Lipids with acyl chain melting points above RT require heating to achieve tightly-packed monolayers at the water-oil interface necessary for DIB formation. Examples include synthetic lipids such as di-palmitoyl phosphatidylcholine (DPPC), as well as natural cellular extracts, such as brain total lipid extract (BTLE) or E. coli total lipid extract (ETLE).  
Changes to manuscript (lines 66-76)
The majority of published experiments on model membranes, including those with DIBs, have been performed at room temperature (RT, ~°20-25 C) and with a handful of synthetic lipids (e.g. DOPC, DPhPC, etc.). This practice limits the scope of biophysical questions that can be studied in model membranes and based on observation, it can also restrict the types of lipids that can be used to assemble DIBs. For example, synthetic lipids such as DPPC, which has a melting temperature of 42 °C, does not assemble tightly-packed monolayers or form DIBs at RT1. DIB formation at room temperature has also proven difficult for natural extracts, such as those from mammals (e.g. brain total lipid extract, BTLE)2 or bacteria (e.g. Escherichia coli total lipid extract, ETLE)1, which contain many different types of lipids and originate from cells that reside at elevated temperatures (37 °C). Enabling study of diverse compositions thus provides opportunities to understand membrane-mediated processes in biologically relevant conditions.

2) The hysteresis effect shown on figure 5b suggests that it is not equilibrium capacitance which is displayed. This should be commented maybe with a few words about the kinetics of the phenomena and experiment.
The data shown in figure 5b was normalized by the capacitance at 27 C and the hysteresis shown is due to irreversible changes in membrane area due to temperature changes in the oil bath. 
Changes to manuscript (lines 549-553):
[bookmark: _Hlk62861983][bookmark: _Hlk63167711]At this temperature, changes in acyl chain ordering in the membrane alter the solubility of oil in the core of the bilayer, which affects membrane thickness Also, note that the hysteresis shown between the heating cycle and the cooling cycle is due to irreversible changes in bilayer area that occur between subsequent cycles, which were typically performed 10 min apart.

3) To my opinion figure 6c is not sufficiently explained, I do not understand the graph.
We agree that Figure 6c is confusing.  Our intention was to show the high adhesiveness of a BTLE bilayer when cooled below the lipid’s melting temperature. The plotted data is a graph of capacitive current versus time, where the amplitude is proportional to the area of the membrane.  The fact that the amplitude is steady shows the inability to change the bilayer area by moving the droplets, which hinders the experimenter from collecting specific capacitance data. 
Changes to figure:
We have removed the plot of current versus time from Figure 6C.

4) The ionophore Mz is not defined. A few words of explanation would be welcome.
Monazomycin (Mz) is a positively charged antibiotic that forms cation selective channels in lipid membranes3. Mz channels are comprised of six monomers4 that are ~4 nm3 in length. The monomers arrange themselves like staves in a wood barrel5, prior to insertion, and require a sufficient transmembrane voltage to insert and span the membrane.
Changes to manuscript (pg 13)
Monazomycin (Mz), a positively-charged antibiotic that forms cation selective channels through the bilayer at sufficient transmembrane potentials3, was chosen to demonstrate this relationship.

5) The proposed method enables heating of the sample. Could it be easily extended to cooling by using Peltier devices?
Yes, a Peltier device could be integrated into the protocol if testing at temperatures below RT was of interest. However, other issues may arise. For instance, if the melting temperature was much lower than RT, the experimenter would have to choose an oil that would not freeze at lower temperatures, as hexadecane freezes at 18C.
Changes to manuscript:
None required

Reviewer #2:

We appreciate the reviewer’s enthusiasm for our work. No changes requested.

Reviewer #3:

Major points:
Abstract:
1) The abstract should start with one sentence addressing the advantages of the use of DIBs, for the audience who are not yet familiar with this.
We agree the advantages related to the DIB method should be introduced to the reader early to better explain the impact of the work described in the procedure. The DIB method is advantageous in that it allows for a tunable bilayer area, enables, asymmetric droplet and leaflet compositions, uses low droplet volumes, and can be easily scaled to larger droplet networks6. In addition, membranes formed in this way exhibit long lifetimes. This rationale has been included in the revised abstract.
Change to manuscript (Abstract, lines 17-22):
[bookmark: _Hlk62646770]The droplet interface bilayer (DIB) method for assembling lipid bilayers (i.e. ‘DIBs’) between lipid-decorated water droplets in oil offers key benefits versus other methods: DIBs are stable and often long-lasting, bilayer area can be reversibly tuned, leaflet asymmetry is readily controlled via droplet compositions, and tissue-like networks of bilayers can be obtained by adjoining many droplets. Forming a DIB requires spontaneous assembly of lipids into high density lipid monolayers at the surfaces of the droplets; this method is often employed at room temperature and with synthetic phospholipids, including those that happen to be in a liquid-disordered thermotropic phase.
[bookmark: _Hlk62646900]
2) The following sentence needs rephrasing: "These conditions yield well-packed monolayers and stable bilayers, but they also disguise the importance of temperature on lipid phase and assembly and bilayer structure." In order to not inadvertently disparage previous DIB work done at ambient temperature, it might be rephrased as: "These conditions yield well-packed monolayers and stable bilayers, but greater insight into importance of temperature on lipid phase and assembly and bilayer structure may be obtained by studies over varying temperatures."
Our goal here was to inform the reader that commonly used lipids (e.g. DPhPC) may not undergo thermotropic transitions and may differ substantially from some naturally occurring lipids. However, we appreciate your concern that our statement may be taken as a negative comment in regards to previous works that do not consider the effects of temperature. Thus, we have changed the manuscript per your recommendation. 
Change to manuscript (Abstract, lines 24-26)
These conditions yield well-packed monolayers and stable bilayers, but greater insight into importance of temperature on lipid phase and assembly and bilayer structure may be obtained by studies over varying temperatures.

Introduction:
3) This section will benefit from greater background material on ion-channel kinetics, possibly in the final section of the introduction, to provide insight into the crucial components and concepts mentioned at the end of the results and conclusion sections.
The intent of this manuscript is to provide instruction for using feedback temperature control to prescribe the temperature of the oil bath and lipid solution used in DIB formation. Lines 80-89 in the original introduction section outlined effects that can be studied when temperature is varied, including identifying thermotropic transitions in lipids, quantifying changes in structure and transport properties of the membrane, and exploring the kinetics of membrane-active peptides and proteins at varying temperatures and across multiple membrane types. We had intended for this to provide the necessary background needed for a reader to understand the context of the results shown later in the manuscript.
Nonetheless, to further strengthen this connection, we revised the sentence in lines 87-90 and added new text at the end of the introduction to help the reader see the relationships between temperature, membrane properties/composition, and the kinetics of membrane active-species studies.
Change to manuscript:
(lines 89-92)
… examine how lipid composition and fluidity affect the kinetics of membrane-active species (e.g. pore-forming peptides and transmembrane proteins1), including in mammalian and bacterial model membranes and at a physiological temperature (37 °C).
(Lines 103-104)
These techniques are important additions to the many biophysical studies that can be designed and performed effectively in DIBs, including studying the kinetics of membrane-active species in different membrane compositions.
 
Protocol:
4) To enhance Figure 1, it would be helpful to have schematic views to show the involved steps, in addition to the top-down photos. The perspective of the photos makes it very difficult to perceive how the materials were layered/stacked on one another. There are no images or clarification as to what the acrylic reservoir is. Figure 1.7 does not clearly show what the latter looks like, or where it is placed. The main issue with the part of the protocol associated with "Figure 1", is the lack of detail regarding the construction of the aluminum fixture. This particularly becomes problematic when the protocol calls for adding oil to the system, since the location of where it is added is not clear.
Thank you for the suggestion. 
Change to manuscript:
We have added an exploded view of the fixture and its components to the SI(S3). 

5) Whenever the term "oil" is mentioned, does this mean the same chemical composition for oil (e.g., hexadecane), for both placement in the well of the aluminum fixture as well as between the walls of the acrylic reservoir and aluminum fixture? For example, please refer to Line 133: "Oil added to the viewing compartment of the aluminum fixture is used to match the refractive indices of the acrylic and glass for clearer imaging of the droplets contained within the acrylic reservoir." Would the use of different oils having different RI, influence the design of the set up, and are there any precaution that needs to be taken when using different oils?
There are several oil types that would match the RI close enough to enable imaging of the experiment, but clarification that hexadecane oil is being used in both the acrylic reservoir and the well of the aluminum fixture was lacking. Also, different oils could be used in each compartment, but we have not experimented with any potential combinations, nor have we seen reason to.
Changes to manuscript (steps 1.8 and 1.9 of Protocol):
1.8. 	Dispense ~1000 µL of hexadecane oil into the well of aluminum fixture (i.e. between the walls of the acrylic reservoir and aluminum fixture), taking care to not overfill. The oil level in the well of the aluminum fixture should be as high as allowable to provide a maximal surface area for heat transfer to occur, while not allowing oil to spill over the edges of the fixture onto the microscope stage or objective lens.
1.9.	Dispense ~1000 uL of hexadecane oil into the acrylic reservoir, while remaining mindful to not overfill.
6) Fig 2b image is blurry.
Figure 2b is clear in the original format. Perhaps there was an issue with the upload or the file conversion process. 
Changes to manuscript:
The figure was checked and uploaded again to try to fix any issues with image quality. 

7) Protocol 2.3.5 (Lines 236-239) and Protocol 3.1 (Lines 261-262): More clarity is needed for both. It is recommended to split into two separate statements to avoid ambiguity.
On step 2.3.5, the added explanation of the role of the headstage took away from the clarity of the procedure step. This is better suited as a note below that procedure step to still provide the reader with relevant information about the function of the headstage. In regard to step 3.1, the first half of the procedure step is redundant information and does not add to the explanation of what should be accomplished on that step. Hence, it can be removed.
Changes to manuscript (steps 2.3.5 and 3.1 of the Protocol):
NOTE: The role of the headstage is to control the voltage between the electrodes and measure the resulting current, which is converted into a proportional voltage that gets output by the patch clamp amplifier to the DAQ-1.
[bookmark: _Hlk62648065]3.1.	Start the DAQ-2 software on the PC and open the temperature control VI file. Once the VI opens, open the VI again by clicking on the folder icon in the bottom left corner of the VI’s GUI and selecting the temperature control VI.

8) With regards to the open-loop, closed-loop temperature control responses and heating scenario systems and Simulink modeling: this section will be vague and obscure to anyone except those already familiar it. More explanation would be helpful.
Further explanation of open-loop and closed-loop heating have been added to the manuscript. We also have added references to outside resources in regard to Simulink and PI controllers7. 
Changes to manuscript (section 3 of Protocol):
During open-loop heating, the prescribed heating power is independent of the measured temperature. In contrast, closed-loop heating consists of continually adjusting the applied power to the heaters in a manner that helps drive the measured temperature closer to the desired temperature. This is achieved herein using a proportional-integral (PI) control scheme. 

9) At Line 314: "The formation of a tightly-packed interfacial bilayer, upon exclusion of excess oil, can be confirmed through visual inspection.": Hexadecane, the oil used in this particular protocol, is known to be substantially entrapped within the bilayer (10-30%). How then does one confirm "visually" that oil is completely excluded? Any visual images would be helpful to readers to show before and after exclusion of oil. What would be expected if a different oil (e.g., squalene) was used for this device?
The reviewer is correct; our original wording was misleading. Rather than viewing the exclusion of (all) excess oil, we meant to say that we are able to monitor changes in the appearance of the connected droplets upon thinning, a process that excludes some of the oil from between the two monolayers as they come together to form a bilayer. The visual changes that occur during DIB formation are well-documented8, therefore we chose not to show a before-and-after comparison. Rather, we included in Figure 5a images to show how temperature affects the appearance of a DIB at different temperatures. Separately, the reviewer asks an important question about the role of oil type on DIB formation and appearance. We have address this in a note corresponding to Step 3.8 as detailed below.
Change to manuscript (step 3.8 of protocol):
[bookmark: _Hlk62834964]The formation of a thinned interfacial bilayer can be confirmed through visual inspection (Figure 5a) or by measuring the increase in the amplitude of a square-waveform capacitive current induced by a waveform generator outputting a 10 mV, 10 Hz triangular voltage6. 
[bookmark: _Hlk63168689]NOTE: The type of oil can have a significant impact on bilayer thinning, membrane thickness, and inter-droplet contact angle. In general, the smaller the oil molecule the more easily it can remain in the hydrophobic core of the bilayer occupied by lipid acyl chains. Oil retention increases both monolayer and bilayer tensions and thickness and decreases the area and angle of contact between droplets. These metrics signify a weaker state of adhesion. Larger, bulkier molecules exert the opposite effect. For example, squalene is bulkier molecule than alkanes such as hexadecane, which enables it to be readily excluded from between monolayers during bilayer thinning. As such, DIBs formed in squalene are thinner, they display higher contact areas and angles, and they exhibit higher free energies of formation6,9 (a measure of droplet-droplet adhesion).

10) The paper focuses on a temperature-controlled study but the construction of the heating element /aluminum fixture, and information about the specifics of the heating element, is found only in the supplemental section. More detail on it should be placed in the main part of the paper.
We believe the addition of an exploded view in the SI, as mentioned in line item 4 of this response, will add clarity to the construction of the heated stage we propose. Furthermore, the heated stage design we included is only one way of preparing a fixture to perform this task, as there have been other iterations of the fixture and other designs could be used in a similar manner to perform this experiment. The main purpose of the protocol is to teach the reader how to use a heated stage in conjunction with measurement equipment to identify and control the thermotropic phase behavior of membrane lipids, which is why these details were included in the SI. 
Change to manuscript:
None.

11) Line 312, at point 3.7, it is recommended that the bilayer should equilibrate for at least 10 minutes to reach a steady interfacial area. Would the time depend on choice of lipid and/or of oil? If so, what is expected in terms of equilibration time? Also, upon bringing the electrodes together to form a bilayer, a recommendation is needed as to how to determine when to cease bringing them closer. Would this be simply at the point of first contact? It is likely that, even though the droplets may touch, a bilayer will not fully "zip" unless droplets are practically pushed together. There is a difficult balance between a contact being sufficient to form a bilayer, vs. a contact that does not (fully) form a bilayer, vs. a contact that precipitates droplet coalescence. These possibilities need to be clarified and explained (based on the author's experience), for the benefit of the non-experienced reader.
Lipid and oil types will definitely impact the time required to for tightly packed bilayer to form, but the best method to determine if the bilayer has reached an equilibrium state is to monitor the capacitive current6 and visually inspect the bilayer area (Figure 5a).  The droplets should be brought together until the user can see the droplets start to deform or displace each other. If a bilayer does not form after several minutes, the droplets can be forced together further, but this typically is not required. We have included this additional detail in Step 3.8.
Change to manuscript (step 3.7 which is now step 3.8 of protocol):
3.8. 	Bring the droplets into gentle contact by slowly manipulating the horizontal positions of the electrodes until the user sees the droplets deform from contact or begin to displace on another and wait a few minutes until bilayer formation commences. If after several minutes a bilayer has not formed, the droplets can be coerced together more to facilitate bilayer formation.  

12) In bullet 4.2.1.2 (line 334) how does one measure bilayer area? How is an image captured of the bilayer? While this may have been already discussed elsewhere, however, it would useful to compile all the necessary steps for the readers, considering that this is a methods paper.
We appreciate the reviewer’s suggestion. We have added text describing the use of a camera that captures images of the bilayer (as viewed from below) through the objective of the microscope stage. This is a critical part of the process for determining specific capacitance of the membrane and the addition of this text will add value to the protocol.  We utilize a custom Matlab script that calculates bilayer area from DIB images. This is achieved by identifying the edges of the droplets (i.e. intersecting circles), measuring the interfacial contact length, and then calculating area by using the contact length as the diameter of a circle or ellipse, as discussed elsewhere6 .
Change to manuscript (step 4.2.1.2 of the Protocol and NOTE added):
[bookmark: _Hlk62862587]…collect images of the DIB to enable calculation of membrane area versus time by using a camera mounted to the microscope to image the bilayer as seen from the aperture of the microscope stage. 
[bookmark: _Hlk63169216]NOTE: As discussed elsewhere6, bilayer area is calculated from the contact length between droplets, which appear as overlapping circles in a bottom-view image. The positions and dimensions of the droplets, and the length of the contact line, can be calculated using an image-processing software or with other scientific programming tools.
13) It would be helpful to see illustrate how capacitance is calculated from the current response. The average reader may not know how to do this. Same comments as above. Regardless whether this has been explained in different paper, it is still expected to be repeated here, at least in some fashion, for complete understanding without having to read separate papers to fill the gap.
We agree that a brief explanation of determining capacitance from the current response will be of value in this step. The square wave current response of a bilayer is proportional to its capacitance, as seen in the relationship  10, and as such capacitance can be extracted from the amplitude of the square-wave current response. 
Change to manuscript:
NOTE: Nominal capacitance can be calculated from the amplitude of square-wave current10,  using the relationship, , where is equal to four times the product of amplitude () and frequency () of the applied triangular voltage. From these equations,  .

14) In step 4.2.1.2, there is discussion regarding the separation of the electrodes to modulate bilayer area: some explanation is needed as about how precise control of the electrodes can be achieved. I imagine ready rupture of the bilayers upon coarse movement of the electrodes.
[bookmark: _Hlk62861391]Section 4.2.1.2 describes the method by which the droplets are mechanically manipulated, via micro-manipulators, to facilitate changes in bilayer area. Micro-manipulators allow for precise control of the electrodes and thus the contact between droplets, but coarse manipulation of the droplet will lead to a failed experiment by coalescence of the droplets or the droplet falling off the electrode. 
Change to manuscript (after protocol step 4.2.1.2):
NOTE: Micro-manipulators allow for precise control of the electrodes and thus gentle contact between droplets. Coarse manipulation of the droplets can lead to a failed experiment by coalescence of the droplets or by causing a droplet to fall off the electrode. 

Representative Results:

15) Line 529-530: It is stated that cooling the bilayer reverses the effects of increased temperature (thickened membrane, reducing contact area). It would be helpful to see the data showing a heated membrane being cooled over time. Is there hysteresis during heating and cooling?
[bookmark: _Hlk62861930]This data for a membrane being cooled is provided in figure 5b and expanded upon in the specific capacitance plots in figure 6a. The temperature where the nonmonotonic change in capacitance occurs (figure 5b) is related to a change in bilayer thickness due to exclusion of oil from the membrane. Likewise, the change in slope of the specific capacitance plots in figure 6a also showcase the impact of a thickened membrane at lower temperatures. 
Change to manuscript (lines 547-458):
[bookmark: _Hlk63169709]The temperature where the nonmonotonic change in capacitance occurs corresponds to a change in bilayer thickness from exclusion of oil from the membrane2.  

Discussion:

16) The need for a Faraday cage is mentioned in the discussion section. This should be included in the protocol.
We agree this detail should be included. The Faraday cage is crucial in eliminating outside noise from measurement of currents in the pA-nA range. Excessive noise from the environment can sequester small bilayer currents from the experimenter and should be at the forefront of the experimental procedure. 
Change to manuscript (added section 3.7 to protocol):
[bookmark: _Hlk62862073] 3.7.	Cover the headstage and heated stage fixture with a grounded Faraday cage.

17) It has been discussed that the positions of the electrodes, and how resting on the substrate, can distort the droplets' shape and complicate bilayer area calculations. It was recommended that the reader takes this into account. However, the manuscript does not provide any other information on how to image the bilayer or perform their image analysis to calculate area.
Imaging of the bilayer was addressed in line item 12 of response to the reviewers. However, an explanation of the area calculation was not included in the manuscript and the addition of explanation would benefit the text. This explanation was also addressed in item 12.
Change to manuscript:
Resolved in response 12. 

18) It would be useful to include the monolayer equilibration time. If there are data already collected to determine optimal temperature and time for this process, then it would be useful to have such data. Even if some of data are disclosed elsewhere, it would be helpful for readers to see all relevant factors in this protocol.
In protocol step 3.6 we suggest a monolayer equilibration time of 10 minutes. Likewise, we proposed the use of interfacial tension measurements to assess monolayer formation and differential scanning calorimetry to measure critical transition temperatures, thinking these techniques would aid the reader in choosing conditions conducive to monolayer assembly.  However, the “time” required for the equilibration was not explicitly discussed. Thus, we updated this discussion to indicate that critical time and temperature info can be gained via these complementary approaches.
Change to manuscript: (lines 695-711)
For a previously untested lipid composition, key unknowns are the incubation time and temperature required to enable sufficient monolayer assembly at the surfaces of the droplets. The general rule is to heat the oil to a temperature above , where lipid mobility is enhanced allowing for faster lateral diffusion and tighter packing at the oil-water interface11, and wait long enough such that monolayer packing at the oil-water interface is high. The user may review published literature or consider their own complementary measurements to determine suitable time and temperature values: interfacial tension measurements on a pendant drop goniometer can be used to assess the time required for monolayer assembly12 and differential scanning calorimetry is often used to identify thermotropic transitions of lipids2. Or an iterative approach may be pursued to identify suitable time and temperature where bilayer formation is consistent, the membrane is stable for more than a few minutes, and the resistance of the bilayer is >1 G. In recent studies with E. coli total lipid extract (ETLE)1 and BTLE2,13 a starting temperature >50 °C consistently leads to stable bilayer formation. Similarly, the minimum stable temperature after DIB for a given lipid type may also vary between lipid selections. For example ETLE DIBs can be cooled to 25 °C14, whereas single component DPPC DIBs always coalesced below ~40 °C2.  Observation has shown that BTLE DIBS show that 27 °C is a safe minimum temperature for maintaining a stable bilayer.


Minor points:

Reference:

19)#39 and #41 are the exactly the same except for the publication year; one of these references is thus wrong and the other is redundant.
Thank you for catching this mistake. We have corrected the error in the references.
Change to manuscript:
Removed erroneous reference and fixed the in-text citation. 

Table of Materials section:

20) Acrylic substrate and aluminum fixture have a catalog number provided but no company specified.
These pieces are to be fabricated by the experimenter and cannot be purchased off-the-shelf, and as such we have provided the necessary blueprints if they wish to follow our design. Because of this, no manufacturer was listed in the table of contents.
Change to table:
“Fabricated in-house” was added under the company heading. 

21) Potassium chloride is listed but not mentioned anywhere else in the document.
Potassium chloride or sodium chloride are essential components of electrophysiology experiments and the reader is referenced to a previous JoVE protocol published by our lab for these details15. We have included this definition. Separately, during investigation of this line item we discovered that we had another duplicate reference in the text which needs to be removed. 
Changes to manuscript:
3.6. Pipette a 250 nL droplet of aqueous lipid solution containing 2 of BTLE, 100 mM potassium chloride (KCl), and 10 mM 3-(N-morpholino) propanesulfonic acid (MOPS) onto each … 
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