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Response to editorial, production and reviewers’ comments:
Journal of Visualized Experiments – JoVE61660R1

Dear Editor,
We first thank all referees for their careful reading of our manuscript, their valuable remarks and for their relevant comments regarding our work. We are also pleased to read that most referees considered our protocol was clearly described, understood and worthy of publication. We list below our responses to all the points raised by the editorial and production team and by the referees, as well as the changes made to our revised manuscript (highlighted below in red and with the same colour in the revised version of the manuscript). We now hope that this revised and improved version of the manuscript as well as the video can be published in the Journal of Visualized Experiments as the video produced by the author.

Editorial and production comments:
Changes to be made by the Author(s) regarding the written manuscript:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
3. Please provide examples volumes and concentrations in the protocol so that a specific experiment can be presented in addition to the generalized one.
4. Please sort the Table of Materials alphabetically.

We have proofread the manuscript and personal pronouns have been removed. Specific experimental conditions have been provided and the Table of Materials has been sorted alphabetically.

Changes to be made by the Author(s) regarding the video:
1. The audio is too loud. Please reduce the volume by 3 to 6 dB.
2. 00:02-01:27 After the title card, the Introduction audio is good, but consider adding some visuals to help illustrate what is being talked about and also to help with audience engagement.
3. 11:34-12:36 Same issue with the Conclusion. Consider adding some graphics or illustrations while you wrap up.

The video has been revised according to the indications. The volume of the audio has been reduced by 6 dB.

Reviewer #1
Manuscript Summary:
This manuscript describes the fabrication and use of microfluidic in situ crystallization and data collection devices. The devices comprise a dialysis membrane separating the central chamber in two cavity, where crystallization trials using the microdialysis method can be performed. The chambers walls are made of X-ray compatible materials allowing in situ crystallographic data collection. Crystallization of lysozyme under two different conditions are demonstrated.
The presentation is in general clear and useful.
Major Concerns:
The manuscripts claims low background data collection (video 00:17), however there is not sufficient evidence on this point. Instead of the patterns in fig 3C, background curves must be presented as powder patterns on the same graph, for efficient comparison and assessing the background at high resolution. A comparison with background signal from another RT delivery mode would be most useful to demonstrate this. If I understand properly, the device thickness is 2x175 um PMMA, 2x50 um mother liquor or crystal, 20 um kapton, and the RC membrane (of unknown thickness?). This is probably not going to give a particularly low background, compared to other current RT delivery methods such as injectors (example doi 10.1038/ncomms12314), multicrystal grids (doi 10.1107/S2059798315020847) or XtalTool holders (doi: 10.3791/59722). Certainly, design optimization could help reducing the thickness (this could be discussed as well in the paper). Concerning this manuscript, I would suggest removing the claim of low background and stay by X-rays data collection compatibility as in many places of the text, which is already very useful since there are not many options for in situ data collection after microdialysis crystallization.
We would like to thank the reviewer for this very useful comment and the relevant references. Indeed, the claim of low background noise might be inadequate compared to other devices or strategies that have been developed for room temperature in situ X-ray diffraction studies. For example, Nogly et al. (reference 54) used a lipidic cubic phase (LCP) injector in order to study the structure of the light-driven photon pump bacteriorhodopsin (bR) by serial femtosecond crystallography (SFX) using an XFEL source. Specifically, the authors used a pump-probe approach with a temporal delay of 1 ms to investigate the protein’s dynamics by implementing time-resolved serial femtosecond crystallography (TR-SFX). The crystal structure of bR was solved to 2.3 Å resolution, demonstrating the compatibility of an LCP injector for TR-SFX experiments with a reduced sample consumption (approximately 1 mg per collected time point). Another device compatible for room temperature in situ X-ray crystallography was developed by Baxter et al. (reference 55). The device is a high-density multi-crystal grid fabricated by a 100 or 200 µm thick polycarbonate plastic with laser-cut holes of various sizes. An additional 5 µm thick polycarbonate film can be fixed to one side of the grid when using the device for sitting- or hanging-drop crystallization experiments. This high-density grid can be used in multiple ways as crystals can be loaded directly onto the ports of the device or crystals can be grown on the device by vapor diffusion or the LCP method using appropriate adaptors and incubation chambers. Moreover, the grid can be adjusted in a standard magnetic base with epoxy and can be used for in situ X-ray data collection at cryogenic or room temperature conditions in standard goniometer-based beamlines at synchrotron and XFEL facilities. The light-sensitive photosystem II (PSII) protein crystals tested for room temperature diffraction in the dark with the rastering method yielded a diffraction better than 2.5 Å resolution. More recently, Feiler et al. (reference 56) developed a sample holder (XtalTool) for macromolecular in situ X-ray crystallography at cryogenic and ambient temperature with minimal background noise contribution. Specifically, the holder comprises of a plastic support, a transparent COC foil and a microporous structured polyimide foil. It was designed to replace the commonly used cover slides for setting up crystallization drops, while it allows in-place manipulation such as ligand soaking, complex formation and cryogenic protection without opening the crystallization drop or manually handling the crystals. Moreover, the sample holder can be removed from the crystallization plate and placed onto a magnetic base for in situ data collection at standard goniometer-based beamlines. For ambient temperature data collection, the COC foil is removed prior to the experiment and only the 21 µm-thick polyimide foil contributes to background scattering, which in this case is minimal. 
Several microfluidic devices have been developed for in situ X-ray diffraction experiments at room temperature and various fabrication materials have been assessed for their background scattering contribution (as discussed in lines 114-121). The choice of the fabrication materials, as well as, their thickness are indeed crucial to the generated background noise which leads to a degradation of the signal-to-noise ratio during data collection. We have chosen materials commonly used for microfluidic devices (PMMA, Kapton) and we have evaluated their background contribution. The diffuse rings are generated by PMMA between 4-8 Å resolution and by Kapton at a resolution lower than 4 Å. The respective noise generated by the regenerated cellulose (RC) dialysis membrane is observed at a resolution lower than 6 Å. These are the only materials of the dialysis chip that are located in the direct path of the X-ray beam, as the NOA 81 resin is not a part of the protein chamber. In a previous study (reference 19), we presented curves of the background scattering intensity of each material separately (Kapton tape, RC membrane, 175 µm-thick PMMA) and the microchip as a function of resolution (in Å). Scattering peaks can be distinguished for all the fabrication materials in the same resolution range where the diffuse rings are observed in Figure 3C. Concerning the thickness of the materials in the direct path of the X-ray beam, we would like to point out that the total thickness is 410 µm as stated in the manuscript. However, we apologize that it is not very clear how we reached to this calculation. The thickness of the PMMA is 2 x 175 µm (PMMA is used as a substrate for the chip and a small piece is used for the closure of the protein chamber), of the Kapton tape 20 µm and the RC dialysis membrane is approximately 40 µm thick. The last image (dialysis chip) in Figure 3C corresponds to the background noise generated only by these three materials with a total thickness of 410 µm. In the measurement presented in this figure, the dialysis chip was empty of any solution (protein or precipitant solution) and the contribution of the presence of solution to the background noise has not been measured. We recognize that for in situ diffraction data collection of Lysozyme crystals, the diffraction quality was not severely impacted, as we could eventually generate the electron density map at a relatively high resolution (close to 2 Å). However, we will keep in mind for future diffraction studies of more challenging protein targets that the background contribution of the protein solution (in the protein chamber with a height of 45 µm) and the precipitant solution (in the fluidic channel with a height of 45 µm) should be evaluated. We kindly thank the reviewer for this very useful remark.
The microfluidic chips presented in this work, are compatible for on-chip protein crystallization with the microdialysis method and in situ X-ray diffraction experiments at room temperature. In order to further lower the background noise generated by the microchips, optimization concerning the choice of the fabrication materials and their thickness could be implemented in future versions of the device. In this manuscript and video, we would like to emphasize the compatibility of the dialysis microchip with room temperature in situ diffraction data collection. Addressing the concerns posed by the reviewer, we made the following modifications in the manuscript and the video:
Manuscript lines 121 – 143:
Room temperature, in situ data collection has also been implemented in various delivery methods and devices. For example, Nogly et al.54 used a lipidic cubic phase (LCP) injector in order to study the structure of the light-driven photon pump bacteriorhodopsin (bR) by serial femtosecond crystallography (SFX) using an XFEL source. The crystal structure of bR was solved to 2.3 Å resolution, demonstrating the compatibility of an LCP injector with time-resolved serial femtosecond crystallography (TR-SFX). Baxter et al.55 designed a high-density multi-crystal grid, fabricated by a 100 or 200 µm thick polycarbonate plastic with laser-cut holes of various sizes. An additional 5 µm thick polycarbonate film can be fixed to one side of the grid when using the device for sitting- or hanging-drop crystallization experiments. This high-density grid can be used in multiple ways as crystals can be loaded directly onto the ports of the device or crystals can be grown on the device by vapor diffusion or the LCP method. Moreover, the grid can be adjusted in a standard magnetic base and used for in situ X-ray data collection at cryogenic or room temperature conditions. More recently, Feiler et al.56 developed a sample holder for macromolecular in situ X-ray crystallography at cryogenic and ambient temperature with minimal background noise contribution. Specifically, the holder comprises of a plastic support, a transparent COC foil and a microporous structured polyimide foil. It was designed to replace the commonly used cover slides for setting up crystallization drops, while it allows in-place manipulation such as ligand soaking, complex formation and cryogenic protection without opening the crystallization drop or manually handling the crystals. Moreover, the sample holder can be removed from the crystallization plate and placed onto a magnetic base for in situ data collection at standard goniometer-based beamlines. For ambient temperature data collection, the COC foil is removed prior to the experiment and only the 21 µm-thick polyimide foil contributes to background scattering, which in this case is minimal.
Manuscript lines 574 – 575:
The thickness of the PMMA is 2 x 175 µm, of the Kapton tape 20 µm and the RC dialysis membrane is approximately 40 µm thick (Figure 1L).
Manuscript lines 591 – 593: 
In the measurement presented in Figure 3C, the dialysis chip was empty of any solution (protein or precipitant solution) and the contribution of the presence of solution to the background noise has not been measured.
Video 00:17: The audio part has been modified accordingly.

A side-view schematic of the device throughout fabrication and device filling, all the way until X-ray data collection should be added for clarity. The relevant thicknesses need to be indicated on this schematic, especially the thicknesses of the layers crossed by X-rays at data collection (materials, chamber height, etc). These parameters are now buried into the manuscript or missing, although they are essential in the choice of a delivery method for macromolecular crystallography.
A side view schematic of the dialysis chip including the thickness of each fabrication material (PMMA, NOA81 resin, Kapton tape and RC dialysis membrane) and the heights of the fluidic channel (45 µm) and the protein chamber (45 µm) is included in Figure 1 (Figure 1L). As we already explained while answering to the first comment of the reviewer, we acknowledge that the calculation of the total thickness of the chip (410 µm) that is exposed to the X-rays during in situ data collection was not thoroughly described in the manuscript. The thickness of the PMMA is 2 x 175 µm (PMMA is used as a substrate for the chip and a small piece is used for the closure of the protein chamber), of the Kapton tape 20 µm and the RC dialysis membrane is approximately 40 µm thick. These details are now illustrated in Figure 1L. Moreover, a color-based explanation has been added to all the steps of Figure 1 in order to guide the reader and facilitate the comprehension of the fabrication protocol. 
In order to make these important details more evident in the protocol, we have changed Figure 1 and we have made the respective changes in the manuscript.  
Manuscript lines 546 – 548: 
Figure 1L illustrates a side view schematic of the dialysis chip where all the layers of the device and their respective thickness are indicated.
Manuscript lines 645 – 646: 
(L) Side view schematic of the dialysis chip where all the layers of the device and their respective thickness are indicated.

ll.536, 634 and video 09:35 I think it is a bit bold to say that the high resolution data is not impacted, as this will mainly depend on the size and diffraction power of the crystals, compared to the device thickness. The investigated large and well-diffracting lysozyme crystals certainly yield high resolution in this case, but this says nothing of smaller crystals.
We would like to thank the reviewer for this relevant comment. In this protocol we describe the in situ X-ray diffraction data collection and treatment of lysozyme crystals grown on-chip with the microdialysis method. In this case, indeed, the large and well-diffracting lysozyme crystals yielded high-resolution data that could be processed accordingly and the electron density maps of the refined structures were obtained at less than 2 Å resolution. For the experiments performed with lysozyme, the background noise of the microchips didn’t affect the treatment of the diffraction data sets. However, we acknowledge that this conclusion is not generic because, as the reviewer emphasizes it, the resolution of the diffraction data depends greatly on the size and the diffraction power of the protein crystals compared to the background noise generated by the microfluidic device. In a previous work (reference 19), we used the dialysis chip in order to collect in situ X-ray diffraction data from two other model proteins (Insulin from porcine pancreas and IspE from Agrobacterium tumefaciens). Partial diffraction data sets were collected from multiple crystals of both proteins and were merged to generate electron density maps at 2.1 Å and 2.3 Å resolution for insulin and IspE, respectively. The above mentioned case studies demonstrate the compatibility of the dialysis chip with in situ diffraction experiments at room temperature where detailed structural information can be revealed by collecting diffraction data from a large, well-diffracting crystal (lysozyme) or from significantly smaller, multiple crystals (insulin, IspE). However, we acknowledge that more challenging protein targets, producing crystals that might be even smaller, exhibiting less diffraction power or being more susceptible to radiation damage, should be tested with our microchips. Therefore, in order to avoid any implication of a generic conclusion about high-resolution data, we suggest the following modifications:  
Manuscript lines 588 – 589: 
…that does not affect the treatment of high-resolution diffraction data of the large lysozyme crystals.
Manuscript lines 694 – 695: 
…that does not affect the treatment of high-resolution diffraction data of the large lysozyme crystals.
Video 09:35: The audio part has been modified accordingly.

Another possible point of discussion: How about introducing reagents at the data collection stage to trigger time-resolved experiments?
Performing on-chip and in situ time-resolved studies is a possibility that we have considered and we assume that it would be interesting for the crystallographic community. We can imagine experiments where the crystals would grow on the dialysis chip and then the device would be set up on the appropriate beamline for in situ data collection. Reagents that could trigger time-resolved studies could be introduced within the microfluidic channel either manually (with the aid of a syringe) or automatically (with a pressure-driven fluidic system or a syringe-pump). However, there are some concerns that should be addressed in order to ensure the feasibility of time-resolved experiments. First of all, a major practical challenge is setting the chips on a beamline. So far, we have fabricated a support (Figure 3) for beamlines compatible with in plate diffraction experiments. Nevertheless, not all beamlines dedicated to macromolecular crystallography are compatible with in plate diffraction experiments. In this case, a support or a holder that could be easily adjusted on the head of a goniometer (like the holder used by Feiler et al. (reference 56) or Baxter et al. (reference 55)) should be designed and the chips could be mounted in many standard goniometer-based beamlines. Moreover, the diffusion of the reagents through the dialysis membrane has to be ensured in advance by selecting a membrane with the appropriate molecular weight cut-off (MWCO). The MWCO must be chosen accordingly to retain the protein sample and facilitate the diffusion of the crystallization precipitants and the reagents for time-resolved studies across the membrane. Apart from the diffusivity of the reagents across the dialysis membrane, preliminary experiments should be conducted in order to study diffusion times. The timescale in time-resolved experiments and the response time of the protein target to external triggers are crucial parameters. Therefore, it is also important to ensure that the diffusion time of the reagents through the dialysis membrane lies within the timescale of the diffraction experiment. Once these practical concerns are answered, we believe that the dialysis chip could be used for time-resolved experiments. In response to the reviewer's comment, we have added the following paragraph to the discussion section:
Manuscript lines: 732 – 737:
[bookmark: _GoBack]Finally, performing on-chip and in situ time-resolved studies is a future possibility that could be of significant interest to the crystallographic community. Therefore, by growing crystals on the dialysis chip and introducing the reagents into the microfluidic channel, either manually (using a syringe) or automatically (with a pressure-control fluid system or a syringe-pump), future efforts will focus on proving that the microfluidic chips can be successfully used to trigger time-resolved experiments on synchrotron beamlines.
Minor Concerns:
video 03:25: It is difficult to see where the RC membrane is deposited
We agree with the reviewer that it is difficult to see the RC dialysis membrane when being deposited on the central pillar of the PDMS stamp because both materials are optically transparent and the bench in the clean room where this manipulation takes place doesn’t create any optical contrast to better visualize the membrane. For this reason, we added a photo (video 03:45) where the two PDMS molds (supported on a glass slide) and the RC membrane “sandwiched” between the two molds are placed on a black support. In this photo, the piece of the membrane can be seen clearly, while an arrow and a description has been added to facilitate the visualization. 

video 08:05. Is the device leaking? I assume the protein solution goes between the NOA and unsealed PMMA, this needs to be clarified for the reader. Does it happen always when the protein solution touches the cavity side? Is it a problem?
In this part of the video, we can see the protein reservoir during the growth of lysozyme crystals on the microchip. The protein sample seems to be moving away from the dedicated cavity of the device. This is not a problem that we encounter always during on-chip crystallization experiments, however, it can be observed mainly when a pressure-driven system within inappropriate pressure range is used for the circulation of the crystallization solution within the fluidic channel. For the experiment visualized in the video (video 08:05), the protein sample was pipetted manually within the protein reservoir (as described in the protocol step 5.1) and a pressure-driven system was used for the introduction and circulation of the crystallization solution within the fluidic channel under a constant injection pressure of 100 mbar. In this case, we have noticed that it was difficult to confine the protein sample within the dedicated cavity of the device. In order to avoid this problem relatively low-pressure values should be applied while circulating the crystallization solution. We suggest an injection pressure of 20 – 60 mbar for solutions with a viscosity close to water viscosity (reference 19). However, even in the case that the protein sample is moving away from the protein reservoir, it doesn’t leak outside the limits of the silicon grease. As we describe in the protocol (step 5.2), a thin layer of high-vacuum silicone grease is applied all around the protein reservoir. This layer of the silicone grease acts as a barrier when a movement of the protein sample occurs. 
In order to clarify this observation and to guide the reader in cases where the protein sample is not perfectly confined in the protein reservoir, we have added a note in the protocol:
 Manuscript lines 420 – 425: 
NOTE: It is sometimes difficult to confine the protein sample within the dedicated cavity of the device (protein reservoir) when a pressure-driven system is used for the introduction of the crystallization solution within the fluidic channel (step 6.4). To avoid the problem mentioned above, relatively low pressure values should be maintained while circulating the crystallization solution. An injection pressure of 20 – 60 mbar for aqueous solutions or 50 – 150 mbar for more viscous solutions (PEGs, glycerol) is suggested19. 

What is the fabrication failure rate? Do you test devices before use?
We test the chips before setting up crystallization experiments by circulating the crystallization solution within the fluidic channel in order to ensure that the alignment of the two layers during the fabrication process (protocol step 3.4) was successful. Bad alignment can lead to blockage of the inlet and outlet ports of the device. Another possible reason for the failure of the chips can be the blockage of the fluidic channel. In this case the NOA resin fills the cavity of the channel and leads to blockage during polymerization. This problem is rare and it is mainly encountered when we use the same PDMS molds several times, therefore, we suggest reusing them approximately 5 times after washing them properly (protocol lines 318-319).  
Approximately 30 chips can be fabricated within 6 – 8 h. After testing them, a failure rate of 30% can be estimated.

It is possible to open the device to harvest a particularly nice crystal?
The protein reservoir could be opened by carefully removing the Kapton tape and the small piece of PMMA used to encapsulate the protein sample (protocol steps 5.3 – 5.4). We haven’t performed such manipulation yet, as we have been mainly interested in the compatibility of the chips for in situ room temperature X-ray diffraction experiments. However, we can assume that carefully opening the protein reservoir could be accomplished in order to harvest crystals from within.

One could insist by writing already in the beginning or abstract that the functional element, RC membranes, are "off-the-shelf" or commercial, as this is one of the strong points of the paper.
We thank the reviewer for this suggestion that can highlight one of the main features of the dialysis chip. We have mentioned in several parts of the manuscript that the RC membranes used in this protocol are commercially available in various molecular weight cut-offs (MWCO). We added this information in the abstract too:
Manuscript lines 43 – 45: 
The main feature of this microfabrication procedure lies on the integration of a commercially available, semipermeable regenerated cellulose dialysis membrane in between two layers of the chip.
 
For labs without easy access to clean room: maybe specify which steps absolutely need to be performed in a clean room.
Photolithography (steps 1.3.1 – 1.3.7) has to be performed in a clean room. The other steps of the protocol can be performed in any laboratory as long as some criteria are met:
1. A laminar flow hood is used to ensure a low level of particles in the air.
2. Yellow light in the room is used when working with the NOA81 resin (steps 3.6 – 3.11).
3. A source of UV light is available for the polymerization of the NOA81 resin (steps 3.7 and 3.11).
In order to make these points clear in the manuscript, we have made the following changes:
Manuscript lines 263 – 268: 
NOTE: Steps 1.3.1 – 1.3.7 are performed in a clean room. The following steps of the protocol can be performed in any laboratory as long as a laminar flow hood is used, yellow light in the room is used when working with the NOA 81 resin (steps 3.6 – 3.11) and a source of UV light is available for polymerizing the NOA 81 resin (steps 3.7 and 3.11). 

l.68 aims to facilitate should be aims at facilitating
l.121: research instead of researches
We thank the reviewer for these comments which allow us to improve the manuscript.
Manuscript line 68: aims at facilitating
Manuscript line 144: research

You could cite Feiler et al, JoVE 2019 doi: 10.3791/59722 for a more complete review of state-of-the-art.
We thank the reviewer for this relevant reference. We have updated the manuscript accordingly:
Manuscript lines 133 – 143: 
More recently, Feiler et al.56 developed a sample holder for macromolecular in situ X-ray crystallography at cryogenic and ambient temperature with minimal background noise contribution. Specifically, the holder comprises of a plastic support, a transparent COC foil and a microporous structured polyimide foil. It was designed to replace the commonly used cover slides for setting up crystallization drops, while it allows in-place manipulation such as ligand soaking, complex formation and cryogenic protection without opening the crystallization drop or manually handling the crystals. Moreover, the sample holder can be removed from the crystallization plate and placed onto a magnetic base for in situ data collection at standard goniometer-based beamlines. For ambient temperature data collection, the COC foil is removed prior to the experiment and only the 21 µm-thick polyimide foil contributes to background scattering, which in this case is minimal.

l.346: pressure controlled: would a flow controlled system not work? For instance a syringe pump.
We are using a pressure-driven system in our laboratory for mixing and circulating the crystallization solution under a constant pressure value, or we manually introduce the solution within the fluidic channel with disposable syringes. However, we have performed on-chip crystallization experiments in other labs where syringe pumps were available and we can definitely propose that flow controlled systems work with the same efficiency. We added this information in the protocol in order to provide more options for fluid handling equipment:
 Manuscript lines 382 – 384: 
Commercially available kits are recommended for easy and precise control over the flow rate and are usually combined with automated pressure-driven or flow controlled (syringe pumps) systems for mixing and fluid handling.
Manuscript lines 455 – 456: 
Inject the solution into the inlet point of the chip with a syringe or an automated pressure-driven fluidic system or a syringe pump, as described in steps 4.1 – 4.5. 
Manuscript lines 460 – 461: 
For the latter case, the use of an external pressure-driven system or syringe pump is recommended.
Manuscript lines 532 – 535: 
The crystallization experiments are set up by manually pipetting the protein sample directly into the protein reservoir and introducing the crystallization solution into the linear fluidic channel with an automated pressure-driven system or syringe pump or manually with the aid of a syringe.

step 1.1: are the geometries used here to be found somewhere?
We have not published the CIF files with the geometries of the microfluidic devices. The chips and the fabrication protocol have been filed for a patent (reference 45). 

l.389. Is washing required to reuse the chips, and how is this done?
The chips can be washed and reused several times as long as the RC dialysis membrane is still functional and the adhesion of the NOA resin on the PMMA substrate is not damaged. If these parts of the chip are damaged, leaks are observed verifying that the device can no longer be used. Washing the chips depends on the crystallization solution. In the case of low viscosity solutions (salts, buffers), the fluidic channel can be washed by merely introducing distilled water and let it flow for a few minutes. We have measured that 400 µL is the volume required in order to completely exchange a solution within the channel with another solution. So, a volume of water > 400 µL is sufficient to wash the fluidic channel from the crystallization solution. In the case of more viscous solutions (PEG, glycerol), we do not recommend reusing the chips since washing the channel just with water is not sufficient. The upper part of the chip, where the protein reservoir is located, can also be washed with distilled water and dried with pressurized air. 
We have updated the protocol including these remarks:
Manuscript lines 432 – 441: 
NOTE: The chips can be reused several times as long as the dialysis membrane and the adhesion of NOA on the PMMA substrate are not deteriorated. If these parts of the chip are damaged, leaks are observed verifying that the device can no longer be used. Washing the chips depends on the crystallization solution. In the case of low viscosity solutions (salts, buffers), the fluidic channel can be washed by merely introducing distilled water and let it flow for a few minutes. 400 µL is the volume required in order to completely exchange a solution within the channel with another solution. In the case of more viscous solutions (PEGs, glycerol), reusing the chips is not recommended since washing the channel only with water is not sufficient. The upper part of the chip, where the protein reservoir is located, can also be washed with distilled water and dried with pressurized air.

figure 1 K "dialysis chip." is not clear. The assembly of the 2nd PMMA and kapton layers are missing in the schematic.
A side view schematic of the dialysis chip including the second PMMA layer and the Kapton tape (missing in Figure 1K) has been included in Figure 1L.

step 2.3: is “to a height of approximately 5 mm.” also valid for the second master?
Yes, the height of the pre-mixed PDMS poured into both SU-8 masters is approximately 5 mm. We have re-written the step 2.3 in the protocol in order to make this point clear to the reader:
Manuscript lines 279 – 281: 
Pour the remaining 25 g of the PDMS into the second SU-8 master patterning only the pillars up to a height of approximately 5 mm (Figure 1C).

How long did it take to grow the lysozyme crystals?
We have tested several crystallization conditions with lysozyme (different precipitants and concentrations) and various concentrations of the protein sample and we have observed crystal growth even within 1 minute or after several hours from the onset of the experiment. The lysozyme crystals shown in Figure 3A grew within 1 h and the crystals in Figure 3B grew within 30 min.
Manuscript lines 609 – 610: 
The lysozyme crystals shown in Figure 3A grew within 1 h and the crystals in Figure 3B grew within 30 min from the onset of the experiment.

What was the molecular weight cut-off used for lysozyme?
The molecular weight of lysozyme is 14.4 kDa and the molecular weight cut-off of the dialysis membrane used for these experiments was 6-8 kDa. 
Manuscript lines 608 – 609: 
… the MWCO of the RC dialysis membrane embedded within the microchips lies in the range of 6 - 8 kDa.

step 7.2.1: Add "For instance" at the beginning of the second sentence?
We thank the reviewer for this observation. Indeed, this is only an example of how diffraction data can be collected and the parameters depend on the beamline used for the experiments. In this section, we describe how we performed the in situ data collection at BM30A-FIP (ESRF).
Manuscript line 498: For instance, …
l.496: 45 um height sounds not consistent with the 50 um previously cited l. 199 and l. 278
We acknowledge that there is a misunderstanding concerning the height of the geometries that are first generated on the SU-8 masters with photolithography and then on the PDMS molds with soft lithography and we would like to explain this difference. During photolithography, the aim was to obtain the geometries of the device on the SU-8 masters with a height of 50 µm. However, once the two SU-8 masters were fabricated, we measured the height of these geometries (the height of the linear channel and the height of the pillars) with a profilometer. The measured value was approximately 45 µm. Therefore, the geometries on the PDMS molds and height of the channel and the protein reservoir of the device is 45 µm (as shown in Figure 1L). We would like to thank the reviewer for this observation. Indeed, in line 278, the value should be 45 µm. We have made the following modifications in the manuscript:
Manuscript lines 222 – 223: For 50 μm nominal thickness, …
Manuscript lines 257 – 262: 
NOTE: During photolithography, the aim is to obtain the geometries of the device on the SU-8 masters with a height of 50 µm. However, once the two SU-8 masters are fabricated, measure the height of the geometries engraved on the masters with a profilometer in order to acquire the experimental value. The measured value for both SU-8 masters fabricated for this protocol is approximately 45 µm. 
Manuscript line 299: … exceeds vertically by 45 μm …
Manuscript line 315: … exceeds vertically by 45 μm …

l.522: Please detail the calculation leading to 410 um total thickness.
We explained the calculation of the total thickness in our response to the first comment of the reviewer. However, we can briefly describe again the calculation. The thickness of the PMMA is 2 x 175 µm (PMMA is used as a substrate for the chip and a small piece is used for the closure of the protein chamber), of the Kapton tape 20 µm and the RC dialysis membrane is approximately 40 µm thick. The total thickness of these materials is 410 µm. 
Manuscript lines 574 – 575:
The thickness of the PMMA is 2 x 175 µm, of the Kapton tape 20 µm and the RC dialysis membrane is approximately 40 µm thick (Figure 1L).

ll. 487 and 649. It is not clear what is the protein solution consumption, is it 0.1/0.3 ul or 0.2/0.7 ul?
We have designed 4 prototypes for fabricating dialysis chips. The difference among these 4 designs is the volume of the protein reservoir. Originally, we could fabricate two different dialysis chips: one with a protein consumption volume of 0.2 µL and another of 0.7 µL. These results are presented in a previous publication (reference 19). Then, we designed two more prototypes with a protein consumption of 0.1 µL and 0.3 µL (presented in this protocol). The goal was to reduce the protein consumption per chip. For the experiments presented here, the lysozyme volume used per experiment (per chip) was 0.3 µL. 

Manuscript lines 536 - 539:
Designs for fabricating chips with 0.1 μL or 0.3 μL maximum volume of the protein reservoir are shown in Figure 2A on the left and right respectively. Chips with a 0.2 μL or 0.7 μL maximum capacity for the protein sample are shown elsewhere19.
Manuscript lines 607:
The volume of the protein sample in both experiments was about 0.3 μL
Manuscript lines 709 – 710:
For the prototypes presented in this work, the protein consumption per chip is limited down to 0.1 or 0.3 μL.

Reviewer #2
Manuscript Summary:
In this manuscript, authors have developed a device that allows users to not only screen protein crystallization conditions via microdialysis but also perform in situ X-ray diffraction analysis. This will allow rapid access to diffraction data, whilst minimizing the amount of sample consumed in crystallization screening and the time required for harvesting and mounting the crystals, which is meaningful for protein structure determination. Furthermore, in this manuscript, the authors presented a detail protocol to illustrate how to fabricate and use this device for protein crystallization screening and in situ X-ray diffraction analysis. It is an interesting work. Thus, I recommend it is published in JOVE.

We would like to thank the reviewer for reading our manuscript and recommending it for publication in JoVE. 

Reviewer #3
Manuscript Summary:
The revision is well written, and the method described here is clear and has been demonstrated well.
We would like to thank the reviewer for reading our manuscript. We are satisfied that the protocol is clearly described and comprehended. 

