
Dear Editor,

Please, find below a point by point answer to reviewers and editorial suggestions along with a description of changes to the MS.  All changes described can be identified through track changes in the revised version of the MS.

We want to thank you and the referees for their suggestions, which we are convinced are a positive contribution the MS.

Best regards

Jose A. Marquez

Poin by point anwers:


Editorial comments:
Editorial Changes

Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. E.g. line 155: “existing” instead of “exiting”, etc.

The MS has been proofread, typo in line 155 and others have been corrected (see track changes

2. Please provide an email address for each author.

Corrected 

3. Please check the symbols used in line 62.

Corrected 

4. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”

Corrections addressing these points have been introduced

5. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

Corrections addressing these points have been introduced

6. To provide a more balanced perspective, consider including the possible limitations of the approach, and compare it with other available approaches in the discussion.

Reference to potential limitations have been included in the discussion section. Comparison to traditional approaches was already included in the orignal text. 

7. Please sort the Materials Table alphabetically by the name of the material.

Corrected



____________________________________
Reviewers' comments:
Reviewer #1: 
In order to make the manuscript acceptable, it requires an introduction on automated structure determination which needs to make proper reference to systems developed elsewhere. 

I should start by noting that the other reviewers disagree on this point with Reviewer 1. Nevertheless, in the revised version we have introduced a section at the start of the introduction with 15 citations to works on automated structure determination by other groups. 

The second biggest concern I have is that the manuscript is written in the form of a manual. This is by itself not a problem, but there is very little if anything mentioned of the underlying technology. Which is the program that collects the data (reference?), which is the progam, which processes the data (reference?), which programs are used in the structure determination (reference?) and why are these used. 

Description of the software with appropriate references have been introduced in line 453.

 Along the same lines, it would be good to comment on the choice of programs, to compare the results to other pipelines or other efforts made elsewhere. 

A comparison of different crystallographic data processing and refinement pipelines is clearly outside the scope of this work and would require a considerable amount of effort. This simply is not a reasonable request. 

A third major issue is, what happens with the data at the end of the process? 
Will the user get access to all data including raw diffraction images and associated metadata? What is the timeline for such access? 

This is already clearly stated on point 13 of the protocol. However, to clarify this further we have added as specific reference to metadata and raw diffraction images has been introduced. See line 460


Finally, the authors mention two projects, to which their pipeline was employed. What are the results for these two projects? Which fragments were soaked? What is the hit rate? How does this compare to other pipeline used elsewhere? Is is better Is it worse? Why? Etc. etc. etc.

Three examples from users of these pipelines are cited in the representative results section. Appropriate references describing the experiments performed, samples and ligands used and the results obtained are provided (see Representative results section and refs 36, 37, 38, and 39. These works speak for the quality of results and the pipelines presented

Again, while a comparison of results with other technologies would be an interesting subject it would require careful experimental design and is clearly outside the scope of this work.  The goal of this MS is to present the capacities of the facility in Grenoble, along with those of other facilities in the series volume. We have not used other facilities and would prefer not to enter into subjective evaluations to compare one or the other. Readers and users would be able to draw their own conclusions. 

Instead of the overview figure 1, I would prefer to see screenshots of the different views, the user sees at every step of the process. I understand that some of this will be provided by the video, but nonetheless I think the protocol would benefit from properly described screen shots.

Indeed, this will be presented in the video. Presenting screenshots at every step of the process would take considerable space and even make the text difficult to read. Fortunately, JoVE is unique in providing a video publication format that perfectly addresses this problem. 

The materials table seems to be incomplete. Pucks? Sample holders? Crystallization plates? Screens? Etc. etc.

Materials have been added to the Materials table

Specific questions concerning the protocol:
1. How does one obtain a user name? Contact the authors? Please specify.

This is clearly stated, see line 157

2. What is a sample? A protein? A construct? A piece of DNA? Please specify.

This is defined by the user not by the facility. We believe this is quite obvious and does not need to be stated. 

3. Which crystallization protocols and which screens are available? Please specify. How long dows it take until feedback from HTZ staff is provided to the user?

Available crystallization screens are displayed through the corresponding interface through which user can use the ones they prefer. The collection is very extensive and including them in the MS text would lead to a very long list, which doesn’t seem necessary

As described in the text already experiments can be scheduled by the user so they can see when they will executed. Moreover, All results and experimental parameters are accessible in rea time, as clearly stated in line 88 

4. What is the meaning of the quality assessment? Does it has any influence on the following steps? Will the sample be returned to the user, if the quality is not sufficient?

The Thermofluor based protocol for sample quality assessment is described in detail in reference 17. This also includes guidance for the interpretation of the results and possible actions to follow in the different cases are also described there.

5. Is there a way to check whether crystals are salt crystals or protein crystals?

As clearly stated in the text, the system enable UV imaging, but as it is well know, diffraction experiments are sometimes the definitive way to establish this point in a definitive way. These are well-know facts and do not represent novel aspects in relation to this MS  

6. Is there a way to ask for room temperature diffraction experiments?

As stated in the line 450, “It is possible to collect data by traveling to the synchrotron, through remote beamline operation or at MASSIF-1”  Therefore all diffraction experiments avaialble to these modalities are possible, including room temperature data collection. We believe this is rather obvious and does not need furthey clarificaiton

Minor Concerns:
Line 85: what is a standard diffraction data collection pine?
pin. 

The typo has been corrected

Lines 85/86: a liquid nitrogen gas stream? hmmm. Liquid or gaseous? Please re-word.

Liquid has been deleted

Line 129: ISTRUCT --> INSTRUCT

Typo corrected

Line 178: Thermofluor should be spelled out as differential scanning fluorimetry and properly referenced.

While using the term DSF would be possible, the use of the term thermofluor is well established in the field, see for example doi: 10.1016/j.ab.2006.07.027. This reference has been added to the text. Line 193



Reviewer #2: 
Manuscript Summary:
The manuscript provides an overview of how to use the CRIMS automated system/pipeline for remote high-throughput crystallization. The CRIMS system include HT screening, cryoprotection, ligand screening and crystal harvesting for structural characterization, either through shipment to beamlines at ESRF or Petra III. Data collection and experimental visualization can be fully automated, or scheduled for when a user has allocated beamtime. The system provides full documentation and user interaction to tailor crystallization experiments, collate data etc. The CRIMS automated pipelines described in this paper will be of use to both expert crystallography labs as well as non-expert users of structural biology resources.

The manuscript is well written, readily followed and is properly referenced etc. A very nice manuscript describing a very interesting and supportive crystallization pipeline for the structural biology community.


Reviewer #3: 
Manuscript Summary:
This manuscript on the new high throughput method for macromolecular crystallography at the HTX facility presents a well-designed automated crystallography pipeline combining the CrystalDirect technology and the CRIMS system to provide a fully automated pipelines from the crystal growth, optimization, harvesting, towards the diffraction data collection. Every step in this pipeline can be requested and operated remotely by the end users. The authors provided a comprehensive rationale and background information for this automated crystallography pipeline, with the citation of the well-established CrystalDirect technology, and the protocol details of CRIMS system registration and operation step-by-step. The entire automated crystallography pipeline would accelerate the pace to the field of large-scale compound and fragment screening experiments, shortening the time gap between crystal growth in house and crystal diffraction measurement. However, the author doesn't discuss the limitations of this pipeline technique. For example, how to characterize if the sample properties change during the shipping? Though it is mentioned in the protocol section, step 4, that a thermofluor-based sample quality assessment experiment will be performed with every sample, some protein of interest requires the specific conformational states, which may be altered during the shipping. In this case, more assays are required to assess the protein properties. This pipeline development is just combining the existing instruments and experimental setups but does not show the high impact for the macromolecular crystallography field. It is more suitable for the application of an automation pipeline patent.

We, as the other two reviewers clearly disagree. As revier 2 states and we discuss in the MS, “the CRIMS automated pipelines described in this paper will be of use to both expert crystallography labs as well as non-expert users of structural biology resources.” This in itself is of considerable impact, not to mention applications in drug design.  Examples of the use technology and its impact are given, see refs 36, 37, 38 and 39. 


Major Concerns:
The automated crystal harvesting equipped with a laser beam harvester is very interesting. However, nowadays, high-throughput crystallization screening and optimization is also in-house accessible in most crystallography laboratories worldwide. Optimization of protein crystallization is more convenient to be operated in the research laboratories, especially for the proteins of interest that are environmental sensitive. In-house crystallization screening and optimization is more time and efforts saving and can be carried out right after the primary hit conditions identified, without more sample shipping to the facility.

We find this statement is rather subjective and no hard evidence supporting it is provided here either. Optimization experiments done at the remote facility can be as fast as those done in house as communication with CRIMS is instantaneous. Moreover, evaluation of diffraction power is key for crystal optimization. We present how evaluation of diffraction properties can be done very rapidly given that the HTX facility and the Synchrotron are adjacent, while if crystals are grown in the home lab, weeks may be necessary before the next synchrotron experiments can be done.  Not to count the other advantages of the system like automated harvesting.

I believe a few years back many researches might have felt the same as the reviewer concerning DNA sequencing, but now sequencing is seldom done in the local lab and samples are systematically shipped to an external facility. Similarly, many crystallographers thought that automated diffraction data collection would never produce the same data quality as manual beamline operation, but the MASSIF1 beamline has shown that in many cases automated data collection produces better results that manual data collection.  

 It is true that some samples may require special protocols that are not compatible with automation or be so labile that time of transfer to the facility is prohibitive, but those situations tend to be rare. Nevertheless, this point has been clarified in line 547. 

 The CRIMS system is almost same as other automated crystallization robot equipped with imaging instrument. Step 1-8 in the protocol is same as a standard protocol, which has been well established in most crystallography research labs. 

We disagree imaging instruments do not include automated crystal harvesting, and automated  communication with synchrotrons. These are unique and very substantial features.

The other concern is the short time consumption as mentioned in the representative results. Is the crystal data collection beamtime at ESRF or PETRA III guaranteed upon the registration of the automated crystallography pipeline at the HTX lab? If the answer is no, the time gap between the crystal growth and data collection is still a remaining question upon user's own application.

The answer is Yes. Through the iNEXT Discovery program Synchrotron beamtime at ESRF and PETRA III for diffraction measurements is also included as part of the same application so no additional delays are needed. As stated in line 152 of the MS we recommend potential users to contact the corresponding author for information on the current modalities and routes for funded access at a particular time. 


Minor Concerns:
In the introduction section, line 61, it is mentioned that the HTX lab is equipped with an LCP module crystallization robot, but no further experimental protocol is stated about how to make it compatible with LCP crystallization set up and with the CrystalDirect technology to harvest crystals from LCP plates? If this has not been development yet, please delete the statement of LCP module in the manuscript without confusing audience that they can operate LCP crystallization and harvesting in the facility.

Yes, we can operate with LCP but covering this aspect here would to excessively lengthy MS. A separate MS describing this is currently in preparation.


Reviewer #4: 
Manuscript Summary:
The manuscript describes the automatic pipelines for macromolecular crystallography that offers a remote procedure (over internet) to go from sample to protein structure. This can be done combining 1) the HTX (high throughput crystallization) lab in EMBL (Grenoble), to perform crystallography experiments, optimization and crystal harvesing, 2) the Crystal design technology, for crystal mounting and cryocooling and 3) the CRISM (crystallographic Information Management system) software that enables all communications from crystal platform, harvesting, freezing, shipping, data collection and processing. This procedure is set to determine new structures, rapid crystal-ligand complexes characterization and large scale automated compound and fragment screening using libraries with about 1000 fragments. This facility can be applied through inext-discovery (not clear if through instruct also). The equipment used in the process is well described as well as the different steps to perform the experiment. Similarly, the work is well referenced. Some examples of works performed with this protocol have been shown. The presentation is clear. This facility and description is very useful for crystallographers around world (and maybe non-crystallographers) since its use could have an impact on reducing effectively the time of an structural biology project. It constitutes a new approach for many crystallographers especially useful to find new compounds and with applications in drug design field. The HTX operates since 2003 and has given support to hundreds of scientist. The facility also offers quality control of the sample at arrival to determine the crystallization likelihood of the sample, what is very useful.

Minor Concerns:
1. At point 4 of the protocol, lane 172, it states that "A thermofluor-based sample quality experiment is carried out with every sample….."
It is not clear if this is the first thing to be done, before the crystallization experiments. If so, probably this should be moved at the beginning of point 4 or even before.

This is done at the same time as the crystallization experiments so its location in the protocol is adequate

2. Could the author discuss why the way of mounting crystals and cryo-cooling does not need the use of cryoprotectant in most of the cases?

These aspects are discussed in the original publication describing the CrystalDirect technology. The reference is included. See line 112
 
3. To make ligand soaking experiments, a drop with chemical is diffused into the crystal drop. Which solution is used for that? Is the compound dissolved in precipitant solution, water, DMSO? Probably this should be also indicated.

[bookmark: _GoBack]Water, DMSO or other organic solvents can be used. This has been clarified in line 554

4. The way of crystal mounting is not easy to visualize from the text explanations. Certainly, in the video this will be more clear.

Yes, the video should show this aspect in detail which is otherwise difficult to exemplify in a single figure 

5. At the beginning, it is said that access to this pipeline is able through inext-discovery and instruct programs, but the discussion states that only can be accessed by inext-discovery and ESRF funded programs.

This has been corrected, see line 564

6. Could this facility help in co-crystallization of proteins with compounds? or, to search crystal conditions in presence of ligands, additives etc? As this is not the aim of this pipeline, I wonder if it could be also a good application.

Yes, certainly and users do this regularly at the facility. A phrase has been introduced in the new version of the MS clarifying this point See lines 569 to 571.


