Response to Editorial and Production Comments

“Comment 1: Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues”
The manuscript has now been thoroughly proofread and amendments have been made as needed.

“Comment 2: Please revise the title for conciseness”
The original title (Simultaneous optimization and derivatization of protein crystals using random microseed matrix screening and the phasing molecule I3C) has now been revised to:
New title: Derivatization of protein crystals with I3C using random microseed matrix screening

“Comment 3: For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s).”
The in-text formatting now appear as numbered superscripts.

“Comment 4. Please specify the age/gender of the animal used”
No animals were used directly in this study. Hen Egg White Lysozyme was used and acquired commercially as a lyophilized powder. We have clarified the gender in the text. 
In the ‘Representative Results’ section, we have reiterated that the HEWL was acquired commercially. In the text, it is referred to as ‘hen egg white lysozyme (HEWL, obtained as a lyophilized powder)’.

“Comment 5: Please discuss limitations of the protocol in the discussion”
In the text, we have added the following paragraphs to discuss limitations of this method. It now reads as follows:
“There can be cases where this technique may not be the optimal method to derivatize protein crystals. As the size of a protein or protein-complex increases, the limited number of I3C sites on the protein surface may not provide sufficient phasing power to solve the structure. In these scenarios where protein size is suspected to be impeding phasing, selenomethionine labelling of the protein may be more viable approach to phasing the protein. If the protein has adequate numbers of methionine residues in the protein (recommended having at least one methionine per 100 residues65) and high efficiency selenomethionine incorporation into a protein can be achieved (such as in bacterial expression systems66), multiple high occupancy selenium atoms will be present in the crystals to phase the structure. 

In addition, some proteins may inherently be unsuited for derivatization with I3C. I3C binding sites on proteins are dependent on protein structure. There may exist proteins that naturally have few exposed patches compatible with I3C binding. Thus, it is not unforeseeable that there may be difficulties in co-crystallizing some target proteins with I3C.”

“Comment 6: We cannot have a specific vendor be cited in our video, it will seem like an endorsement or commercial. You may change this line about purchasing from Hampton Research to something like, ‘Crushers can also be ordered from third party vendors as an alternative.’”
The mention of Hampton Research at 03:57 in the video has now been replaced with the following statement: ‘crystal crushers may also be ordered from third party vendors as an alternative to making your own’.

“Comment 7: Please submit a high-resolution video here: https://www.dropbox.com/request/DSI4GFJF79O3jOn8556j?oref=e”
The amended high-resolution video has now been submitted to the link provided


Response to Reviewer Comments

“Reviewer 1, Comment 1: My only minor quibble would be that the authors assume labs will use automated pipelines such as Auto-Rickshaw. Some labs will have their own particular pipelines, and so use those for data reduction/structure solution. However, this is a really small thing, and the authors do note that one can use a preferred software package if desired. And sometimes automated pipelines don't work, so a reliance on these can lead to trouble. But as I said, a very minor quibble.”
In the manuscript, we have presented AutoRickshaw as a pipeline that provides a user-friendly approach to experimental phasing and has been effective with our examples (HEWL and Orf11). However, we do agree that there exists many other pipelines that can also be used in its place. We have made changes to our document to highlight alternative pipelines that should be compatible with our method of derivatization.
We have amended our introduction to include alternative pipelines with their appropriate references. It now reads as follows:
“Structure solution using the highly automated Auto-Rickshaw structure determination pipeline is described, specifically tailored for the I3C phasing compound. There exists other automated pipelines that can be used such as AutoSol27, ELVES28 and CRANK229. Non-fully automated packages such as SHELXC/D/E can also be used30–32.”

“Reviewer 2, Comment 1: I think it would be useful in the introduction to include some information on the usefulness of IC3 to date in crystal derivatisation. For instance, could the authors search the PDB and provide some statistics on structures that have been solved utilising IC3.”
The introduction has now been updated to include statistics on structures that have been solved using I3C. A section has been added that reads:
“At the time of writing, there are 26 I3C-bound structures in the PDB, of which 20 were solved using SAD phasing.”

“Reviewer 2: Comment 2: I also think that it would be useful to acknowledge and discuss alternative automated pipelines that could be trialled other than auto-rickshaw. For example CRANK2, phenix autosolve etc. I'm not suggesting this needs to be included in the video, but I think the inclusion of alternative pipelines in text could expand the usefulness of the study and prevent any bias towards one single approach”
We have amended our introduction to include alternative pipelines. It now reads as follows:
“Structure solution using the highly automated Auto-Rickshaw structure determination pipeline is described, specifically tailored for the I3C phasing compound. There exists other automated pipelines that can be used such as AutoSol27, ELVES28 and CRANK229. Non-fully automated packages such as SHELXC/D/E can also be used30–32”
“Reviewer 3, Comment 1:  Introduction: Add references for space matrix screens, in particular the seminal paper from the Kim group but also the work by Newman”
The following references have been added in response to reviewer 3’s suggestions. 
Jancarik, J., Kim, S.H. Sparse matrix sampling. A screening method for crystallization of proteins. Journal of Applied Crystallography. 24 (pt 4), 409–411 (1991).
Newman, J. et al. Towards rationalization of crystallization screening for small- To medium-sized academic laboratories: The PACT/JCSG+ strategy. Acta Crystallographica Section D: Biological Crystallography. 61 (10), 1426–1431 (2005).
“Reviewer 3, Comment 2: Introduction: Seeding techniques should include a reference to T. Bergfors.”
The following references have been added in response to reviewer 3’s suggestions. 
The microseed matrix screening (MMS) method referred to in the introduction now includes a reference to Bergfors, T.
D’Arcy, A., Bergfors, T., Cowan-Jacob, S.W., Marsh, M. Microseed matrix screening for optimization in protein crystallization: What have we learned? Acta Crystallographica Section:F Structural Biology Communications. 70 (9), 1117–1126 (2014).
“Reviewer 3, Comment 3: Introduction: Make sure that the crystallographic terminology is accurate. The intensity is recorded which is proportional to the square of the amplitude”
We have amended this section in the introduction. It now reads as follows:
“During the data acquisition process, the intensity of diffraction (proportional to the square of the amplitude) is recorded but the phase information is lost.”
“Reviewer 3, Comment 4: For molecular replacement I would suggest to mention maximum likelihood methods and cite one for the recent papers, for example Liebscher D. et al 2019. that summarised a lot to recent developments and extensions such as described by Millan C. et al 2020)”
The following references have been added in response to reviewer 3’s suggestions. 
Millán, C., Jiménez, E., Schuster, A., Diederichs, K., Usón, I. ALIXE: a phase-combination tool for fragment-based molecular replacement. Acta Crystallographica Section D. 76 (3), 209–220 (2020).
Liebschner, D. et al. Macromolecular structure determination using X-rays, neutrons and electrons: Recent developments in Phenix. Acta Crystallographica Section D: Structural Biology. 75, 861–877 (2019).

“Reviewer 3, Comment 5: I would suggest to add an approximate sequence identity required for successful structure solution by molecular replacement to give more context for the non-expert”
This has now been added into the introduction with the appropriate reference. It now reads as follows:
“The success of the molecular replacement method drops significantly as sequence identity falls below 35%13”
Abergel, C. Molecular replacement: Tricks and treats. Acta Crystallographica Section D: Biological Crystallography. 69 (11), 2167–2173 (2013).

“Reviewer 3, Comment 6: I would also suggest to mention ab-initio methods as introduced by the Uson and the Read groups (Rodriguez, D et al. 2009l Proper K et al, 2014; Uson & Sheldrick 2018)”
A short section that refers to ab-inito methods has been added to the introduction and has been referenced appropriately. It now reads as follows:
“In the absence of a suitable homology model, ab initio methods, such as ARCIMBOLDO14, 15 and AMPLE16, can be tested. These methods use computationally predicted models or fragments as starting points for molecular replacement. AMPLE, which uses predicted decoys models as starting points, struggles to solve structures of large (>100 residues) proteins and proteins containing predominately β-sheets. ARCIMBOLDO, which attempts to fit small fragments to extend into a larger structure, is limited to high resolution data (≤2 Å) and by the ability of algorithms to expand the fragments into a full structure.”
In the new section about ab-initio methods, we have reference the following papers:
Rodríguez, D.D. et al. Crystallographic ab initio protein structure solution below atomic resolution. Nature Methods. 6 (9), 651–653 (2009).
Pröpper, K. et al. Structure solution of DNA-binding proteins and complexes with ARCIMBOLDO libraries. Acta Crystallographica Section D: Biological Crystallography. 70 (6), 1743–1757 (2014).
Bibby, J., Keegan, R.M., Mayans, O., Winn, M.D., Rigden, D.J. AMPLE: A cluster-and-truncate approach to solve the crystal structures of small proteins using rapidly computed ab initio models. Acta Crystallographica Section D: Biological Crystallography. 68 (12), 1622–1631 (2012).

“Reviewer 3, Comment 7: At the end of introduction the authors could give the reader a better indication of what kind of crystals (ie. minimum size) and diffraction (ie. resolution) are required for this method”
Any crystalline precipitate can be used for this method. We have now updated the introduction to reflect this in a statement that reads as follows:
“A prerequisite of this method is protein crystals or crystalline precipitate of the target protein, obtained from previous crystallization trials”

“Reviewer 3, Comment 8: When Auto-Rickshaw is described the relevant paper should be cited, however, it should be emphasised that this experimental method can be used for any other pipeline. The reader should be aware that the experimental phasing is not restricted to one program package”

We have amended our introduction to include alternative pipelines apart from Auto-Rickshaw. It now reads as follows:
“Structure solution using the highly automated Auto-Rickshaw structure determination pipeline is described, specifically tailored for the I3C phasing compound. There exists other automated pipelines that can be used such as AutoSol27, ELVES28 and CRANK229. Non-fully automated packages such as SHELXC/D/E can also be used30–32.”
“Reviewer 3, Comment 9: Protocol: 1.2. Can the authors be more specific what they mean with 'highest quality'? Should crystals be tested and the best diffracting crystals should be used or is the visual inspection sufficient?
Highest quality is often judged by morphology. If diffraction data is available, it can be used as an additional judge of quality but isn’t necessarily required. We have now amended this in section 1.1 of the protocol to provide specifics for the reader. It now reads as follows:
[bookmark: _Hlk54308331]“The highest quality crystal can be judged visually based on morphology or the best diffracting crystal can be selected, if such data is available.”

“Reviewer 3, Comment 10: 1.3. The authors may want to mention that even with all these tests salt crystals can be mistaken for protein crystals until a diffraction experiments has been performed”
A final comment on salt crystals has now been added to Section 1.3 to reiterate that salt crystals can be mistaken for protein crystals despite positive results on the previously mentioned tests. It now reads as follows:
[bookmark: _Hlk54308246]“1.2.4	Although the aforementioned tests may give promising results, salt crystals may still be mistaken for protein crystals. In this case, diffraction experiments can be used to definitively discern between a protein and salt crystal.”

“Reviewer 3, Comment 11: 3.1 Is there a recommended protein concentration? What molar ratio is recommended?”
For proteins that do not have an established crystallization system, a protein concentration of 10 mg/mL is generally recommended for initial crystallization screening. These recommendations have been added to Section 3.1. of the manuscript and reads as follows:
[bookmark: _Hlk54308018]“NOTE: For proteins that do not have an established crystallization system, a protein concentration of 10 mg/mL is generally recommended for initial crystallization screening. An initial molar ratio of I3C to protein of 8 is recommended. Protein concentration and molar ratio of I3C to protein can be optimized after the initial screen.”


“Reviewer 3, Comment 12: 4.7. Perhaps be specific - 2 micrometer should be sufficient”
The directions in Section 4.7. have been amended to be more specific. It now reads as follows:
[bookmark: _Hlk54307893]“4.7.	Mix and subsequently take 2 µL of mixture from the microcentrifuge tube and add it back to the well”

“Reviewer 3, Comment 13: 5.1. Important to note that this can easily be done with a multipipetter manually (and hence can be done on less well-equipped labs.”
The directions in Section 5.1. have been amended to indicate that this technique can be done with a multichannel pipette. It now reads as:
[bookmark: _Hlk54307841][bookmark: _Hlk54307874]“5.1.	Setting up a 96 well screening plate using a liquid dispensing robot. In the absence of a robot, a multichannel pipette may also be used.”
“Reviewer 3, Comment 14: 6.1. Data collection: I would recommend to cite the seminal paper by T.-Y Teng, and perhaps Mitchell & Garman, 1996 to point towards a n article on how to freeze your protein crystals”
We have now amended section 6.1. to read as follows:
[bookmark: _GoBack]“6.1. Harvest crystals using cryoloops, cryoprotect the crystals and flash cooled them in liquid nitrogen. For additional information on freezing crystals, refer to Teng36 and Garman and Mitchell37.”

The references have now been added to refer readers to these articles on freezing protein crystals.
Teng, T.-Y. Mounting of crystals for macromolecular crystallography in a free-standing thin film. Journal of Applied Crystallography. 23 (5), 387–391 (1990).
Garman, E.F., Mitchell, E.P. Glycerol concentrations required for cryoprotection of 50 typical protein crystallization solutions. Journal of Applied Crystallography. 29, 584–587 (1996).

“Reviewer 3, Comment 15: 6.3, The authors should either use energy or wavelength, otherwise the non-expert my be confused. The choice of 8-8.5 KeV is rather arbitrary, perhaps more of an explanation can be given?”
The choice of 8-8.5 KeV is arbitrary. The energy of the X-ray beam should be decreased to maximise the anomalous signal. The beamlines energies at the Australian Synchrotron (where this work was completed) beamlines, Macromolecular Crystallography Beamline 1 (MX1) and Beamline 2 (MX2) go to 8500 eV. Hence, the energy is limited by the equipment. 
We have changed the wording in Section 6.3. to avoid confusion. It now reads as follows:
“6.3. This technique relies on anomalous signal from iodine atoms in I3C. Thus, the energy of the X-ray should be selected to maximize this signal. 

6.3.1. Synchrotron X-ray sources with tuneable energies should be set as low as possible. For many macromolecular crystallography beamlines, the lowest configurable energy is 8000 to 8500 eV.”

“Reviewer 3, Comment 16: 6.4. While radiation damage is of course always challenge (and I would recommend to cite one of Garman's recent papers, ie. (Graman, Weik, 2019), I was wondering if there are any studies how this compound is affected?”
Radiation damage has been studied in a similar compound to I3C called B3C (5-amino-2,4,6-tribromoisophthalic acid). This compound has iodine atoms replaced with bromines. However, we expect similar degradation to occur in I3C. We have added the following paragraph to highlight this:
“NOTE: In a similar phasing compound with the iodine atoms replaced with bromine atoms, radiation damage has been shown to cause the radiolysis of the carbon bromine bond and a reduction in the occupancy of the bromine atoms24.”
A reference to this study has been added for readers interested in this aspect. 
Beck, T., Gruene, T., Sheldrick, G.M. The magic triangle goes MAD: Experimental phasing with a bromine derivative. Acta Crystallographica Section D: Biological Crystallography. 66 (4), 374–380, doi: 10.1107/S0907444909051609 (2010).
A reference to Garman’s 2019 paper is also added as per Reviewer 3’s suggestion. 
[bookmark: _Hlk54309174]Garman, E.F., Weik, M. X-ray radiation damage to biological samples: recent progress. Journal of Synchrotron Radiation. 26 (4), 907–911 (2019).

“Reviewer 3, Comment 17: 6.4 Inverse beam data collection can be advantageous, but for a more recent view, I would recommend to look at (and cite) Garcie-Bonte & Katona (2019)”
We have added a statement that refers to inverse beam data collection with the appropriate reference:
“NOTE: Continuous rotation is an alternative collection strategy to inverse beam data collection. For a recent comparison of the collection strategies, see Garcie-Bonte & Katona35.”
Garcia-Bonete, M.J., Katona, G. Bayesian machine learning improves single-wavelength anomalous diffraction phasing. Acta Crystallographica Section A: Foundations and Advances. 75, 851–860 (2019).

“Reviewer 3, Comment 18: 7. Data processing: The authors of SHELXC, Pointless and aimless deserve that their work is properly cited. As useful as AUTORICKSHAW is, it is merely a pipeline script that relies on scientific methods designed by and software written by a number of people (Sheldrick in particular) so their original papers should be cited.”
References to SHELXC, POINTLESS and AIMLESS have been added. References to software invoked by AUTORICKSHAW have also been added in the statement:
“AutoRickshaw is an automated pipeline that invokes various crystallography software packages to solve a X-ray crystal structure31, 32, 52–57, 44–51.”
Pointless:
Evans, P. Scaling and assessment of data quality. Acta Cryst. D. 62 (1): 72-82, doi: 10.1107/S0907444905036693 (2006)
Aimless:
Evans, P.R., Murshudov, G.N. How good are my data and what is the resolution? Acta Crystallographica Section D: Biological Crystallography. 69 (7), 1204–1214 (2013).
SHELXC:
Sheldrick, G. M., Hauptman, H. A., Weeks, C. M., Miller, R., Usón, I. Ab inito phasing. International Tables for Crystallography Volume F, 333-345 (2001).

