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longer be a limiting factor. Here, we illustrate the use of the automated MeshAndCollect
protocol, which first identifies the positions of many small crystals mounted on the same
sample holder and then directs the collection from the crystals of a series of partial diffraction
data sets for subsequent merging and use in structure determination. MeshAndCollect can be
applied to any type of micro-crystals, even if weakly diffracting. As an example, we present here
the use of the technique to solve the crystal structure of the Cyan Fluorescent Protein (CFP)
Cerulean.

INTRODUCTION:

Macromolecular X-ray crystallography (MX) is, by far, the most used method for gaining atomic
resolution insight into the three-dimensional structures of biological macromolecules.
However, a major bottle necks is the requirement for relatively large, well diffracting crystals.
Often, and particularly when crystallizing membrane proteins, only very small crystals of a few
microns in the largest dimension can be obtained. Radiation damage effects limit the resolution
of a complete diffraction data set that can be collected from a single micro crystal?, and very
often, it is necessary to improve the signal to noise ratio and hence data set resolution, by
merging several partial diffraction data sets from different, but isomorphic crystals. The
increases in flux density of X-ray beams at synchrotron sources and elsewhere (e.g. X-ray free-
electron lasers (X-FELs)), have meant that useful partial diffraction data sets can be collected
from even very small crystals of biological macromolecules. This, in turn, has led to the
development of new techniques for the collection and merging of partial diffraction data sets
collected from many different crystals in order to produce a complete data set for structure
solution. Such techniques are commonly referred to as serial crystallography (SX)3=2. A
prototypical example of SX is the use of injector devices to introduce a narrow stream of a
crystal slurry into the X-ray beam3™. A diffraction pattern is recorded every time a crystal is
exposed to X-rays leading to the collection, from many thousands of individual crystals, of ‘still’
diffraction images, information which is then merged to produce a complete data set. However,
a considerable disadvantage of this type of serial data collection is that the processing of still
images can be problematic. The data quality is considerably improved if crystals can be rotated
and/or several diffraction images are collected from the same crystal during serial
crystallography experiments®.

MeshAndCollect! was developed with the aim of combining SX with ‘standard’ MX rotation data
collection and allows, in an automatic fashion, experimenters to collect partial diffraction data
sets from numerous crystals of the same macromolecular target mounted on the same or
different sample holders. A complete diffraction data set is then obtained by merging the most
isomorphous of the partial data sets collected. MeshAndCollect is compatible with any state-of-
the-art synchrotron X-ray beamline for MX (ideally an insertion device facility with a relatively
small (20 um or less) beam size at the sample position). In addition to the compilation of
complete data sets from a series of small, well-diffracting crystals, the method is also very
suitable for the initial experimental assessment of the diffraction quality of micro-crystals and
for the processing of opaque samples, e.g., in meso grown microcrystals of membrane
proteins®.
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At the start of a MeshAndCollect experiment, the positions, in two dimensions, of each of the
many crystal contained in a single sample holder are determined using a low dose X-ray scan.
The diffraction images collected during this scan are automatically analyzed by the program
DOZOR?, which sorts the positions of the crystals on the sample holder according to their
respective diffraction strength. Positions for the collection of partial data sets are assigned
automatically based on a diffraction strength cut-off and, in the last step, small wedges of
diffraction data, typically £5° of rotation, are collected from each chosen position. Experience
has shown that this rotation range provides a sufficient amount of reflections per crystal for
partial data set scaling purposes, while at the same time, reducing possible crystal centering
issues and the chance of exposing multiple crystals in a particularly crowded support!. The
individual diffraction data wedges (partial data sets) are then processed either manually or
using automated data processing pipelines!®*3, For downstream structure determination it is
then necessary to find the best combination of partial data sets to be merged!4-1 after which
the resulting complete data set can be treated in the same way as one originating from a single
crystal experiment.

As an example of MeshAndCollect in practice, we present here the solution of the crystal
structure of the Cyan Fluorescent Protein (CFP) Cerulean, using a diffraction data set
constructed from the combination of partial data sets collected from a series of microcrystals
mounted on the same sample support. Cerulean has been engineered from the Green
Fluorescent Protein (GFP) from the jellyfish Aequorea victoria'’, whose fluorescent
chromophore is autocatalytically formed from the cyclisation of three consecutive amino acid
residues. Cerulean is obtained from GFP by mutating the first and second residues of the
chromophore, a serine and a tyrosine, to threonine (S65T) and tryptophan (Y66W) respectively
and adapting the chromophore environment with further mutations (Y145A, N146l, H148D,
M153T and V163A) to produce a significant, yet suboptimal fluorescence level of QY = 0.491820,
The suboptimal fluorescent properties of Cerulean have been proposed to be linked to complex
protein dynamics involving the imperfect stabilization of one of the eleven B-strands of the
protein?! and to the accommodation of two different chromophore isomers depending on the
pH and irradiation conditions??. We chose to work with Cerulean as a model protein illustrating
the use of the MeshAndCollect protocol due to the relatively ease of tuning crystal size
depending on the crystallization. The structure of Cerulean is very similar to that of its parent
protein GFP, as it is constituted of a B-barrel formed of eleven B-strands surrounding an a-helix,
which bears the chromophore.

PROTOCOL:

1. Expression and Purification of Cerulean

Note: This is based on the protocol published by Lelimousin et al.?

1.1.  Express His-tagged Cerulean in Escherichia coli BL21 cells grown at 37 °Cin 4 L of auto

inducible medium?3 until ODego=1 and then incubate overnight at 27 °C.
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1.2.  Harvest the bacterial cells at 5000 x g and lyse the cells via sonication (40%, 5 min, 10 s
pulse, 10 s pause) in 200 mL of buffer comprised of 20 mM Tris pH 8.0, 500 mM NaCl and 1x
EDTA-free protease inhibitors.

1.3. Load the supernatant on a His-trap Ni-NTA column and elute Cerulean with 100 mM
imidazole in the same buffer conditions.

1.4. Pool the bright yellow colored fractions. The protein is intrinsically colored, hence the
Cerulean-containing fractions are easily distinguishable.

1.5.  Purify the protein (4 mL) on an S75 column in 20 mM Tris pH 8.0.

1.6.  Pool the bright yellow fractions and concentrate the protein solution to 15 mg/mL.

2. Crystallization

2.1.  Use the hanging drop vapor diffusion technique?* at 20 °C in Linbro plates. Fill the wells
with 1 mL of a precipitant solution consisting of 100 mM HEPES at pH 6.75, 12% PEG8000
and 100 mM MgCl,. For the hanging drops, mix 1 pL of protein concentrated to 15 mg/mL

with 1 uL of precipitant solution. Crystals should appear in 24 h.

2.2.  Harvest the crystals obtained and transfer them to 100 uL of a seeding buffer comprised
of 0.1 M HEPES pH 6.75, 22% PEG 8000.

2.3.  Grind the crystals with a 0.1 mL tissue grinder and dilute in seeding buffer (ratio 1:100).

2.4. Digest an aliquot of the protein stock solution (15 mg/mL) with trypsin (0.5 mg/mL in
the same buffer) for 1 h (1:10 (v/v)).

2.5. Mix the digested protein solution with 10% of seed-containing buffer (v/v).

2.6.  Grow crystals (10*10*20 um3) in 0.1 M HEPES pH 7, 14% PEG 8000, 0.1 MgCl, in 1-1.5 pL
hanging drops using the vapor diffusion method.

3. Crystal Mounting

3.1 Use a suitable loop, e.g., a mesh loop 700 square holes of 25 um each mounted on a
SPINE standard sample holder?>. Transfer crystals from the crystallization drop (Step 2.6) into 1
uL of cryoprotectant solution (the well precipitant solution mixed with glycerol (20% v/v final)).
3.2 Mount the protein crystal slurry onto a mesh loop by moving the loop under the crystals

and lifting them out of the drop. Ideally the crystals should be in the size range of 5 um — 30 um
in maximum dimension with no overlap between crystals mounted in the loop.
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33 Wick off excess liquid by touching the mount quickly with filter paper. Sediment the
crystals so that they sit in the plane of the loop surrounded by as little bulk liquid as possible.

3.4 Plunge the mount into a unipuck full of liquid nitrogen. Store the puck at 100 K in a
suitable storage container until beam time is available.

4. Offline preparation of the synchrotron experiment

Note: Request synchrotron beam time as early as possible and follow the online guidelines for
available access types and on how to submit an application for a given synchrotron. The ESRF
guidelines can be found at http://www.esrf.eu/UsersAndScience/UserGuide/Applying. If a
member of an ESRF Block Allocation Group (BAG), an application for each specific project is not
required. In this case experimenters should approach their BAG Responsible concerning the
scheduling of beam time.

4.1 After the proposal is accepted and an invitation for the experiment is received, have all
participants complete safety training. Fill in the “A-form” (via the ESRF user portal,
http://www.esrf.eu/UsersAndScience/UserGuide/Preparing/new-a-form) with the required
safety information on the samples. Contact the local contact person to discuss the experiment.
Once your A-form is submitted and validated it will give you the experiment number and
password.

4.2 Connect to extended ISPyB2® (http://www.exi.e.,rf.fr/) and choose MX.
4.3 Log in with the experiment number and the password from the A-form.
4.4 Select Shipment | Add New and fill in the requested information.

4.5 Select Add Parcel and fill in the relevant data. Select Add Container, choose a unipuck
and fill in the information required, including the positions of the sample holders in the puck.

5. Loading of the Sample onto a Beamline

5.1 In the experimental hutch, load the puck into the sample changer (SC) dewar and note
its position.

5.2 Interlock the experimental cabin and enter the control hutch.

5.3 Log in to the ISPyB (https://exi.e.,rf.fr/). Select Prepare Experiment, find the shipment,
select Next and indicate the beamline and the puck position in the SC.

5.4  Login into the beamline control software, here MXCuBE22728 with the experimental
number and password provided on the A-form.
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5.4.1 Press Sync to synchronize the beamline control software with the ISPyB database.

5.5 Use the beamline control software, to mount the sample holder onto the goniometer. In
MXCuBE?2, right click a position in the sample changer area and select Mount Sample.

5.6 Taking advantage of the MK3 mini-kappa goniometer?® installed at most of the ESRF MX
beamlines, use MXCuBE2’s “visual realignment” workflow3° to align the plane of the sample

holder with the rotation axis of the goniometer.

5.6.1 Select the Centre button, then 3-click center on the middle of the edge of the tip of the
loop. Save the centered position by selecting Save.

5.6.2 Click again on the Centre button, then 3-click center the middle of the start of the stem
of the loop. Save the second position as well by clicking on Save.

5.6.3 Select one of the saved centered positions by clicking on it.

5.6.4 Under Advanced, add the workflow Visual Reorientation to the MxCuBE2 data
collection queue.

5.6.5 Launch the workflow by clicking on Collect Queue.

5.6.6 After the workflow aligns the plane of the sample holder with the rotation axis of the
goniometer, center the sample holder again, this time somewhere in the middle of the mesh.

5.7 Orient the sample holder so that the face of the mesh is perpendicular to the X-ray
beam direction by rotating the omega axis using MXCuBE?2.

5.8 In MXCuBE2, select the beam size required for the scanning of the sample holder (only
for beamlines with variable beam size).

5.8.1 Click on the aperture drop down menu in the beamline control software and select a
value, e.g., 10 um.

5.9 Define a mesh for the mesh scan.
5.9.1 Click on the mesh tool icon in MXCuBE2. The mesh tool window will appear.

5.9.2 Inthe sample view of MXCuBE2, draw the mesh by left clicking and dragging the mouse
over the area containing crystals on the sample holder.

5.9.3 To save the mesh click on the Plus button in the mesh tool window (mesh becomes
green).
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6. Prepare and Execute the MeshAndCollect Workflow

6.1 In the Resolution field of MXCuBE2, enter the resolution (dmin) at which diffraction
images should be collected, e.g., here 1.8 A.

6.2 Select MeshAndCollect in the Advanced data collection tab, add it to the queue and
click Collect the Queue.

6.3 In the parameter window which appears, use the beamline dependent default
parameters. In the experiment described here defaults parameters are 0.037 s exposure time
per mesh scan point, 100% transmission (leading in this case to 4 x 10*! ph/s), 1° oscillation per
mesh scan line.

6.4 Click Continue. The mesh scan runs and the diffraction images collected at each grid
point are analyzed and ranked according to diffraction strength with the software DOZOR®. This
process runs in the background.

6.5 After the DOZOR analysis a heat map is generated and the order for subsequent partial
data collections is assigned automatically based on diffraction strength (see Figure 1).

Note: The results of this step can also be inspected in ISPyB. For the collection of partial data
sets a new tab with settings pops up in the beamline control software, select suitable values for
rotation range (i.e., 0.1°), number of images (i.e., 100), exposure time, resolution, transmission,
inverse beam etc. Ideally the dose for each wedge to be collected should be below the Garman
limit (30 MGy). The approximate exposure time per image is 0.037 s to 0.1 s in the described
experimental conditions.

6.6 Click Continue to launch the partial data collections.

7. Data Processing

Note: The partial data sets are integrated with a suitable program (XDS*°). For this a Python
script will be used that recognizes each individual data set, integrates it and makes sure that

indexing between the different partial data sets is consistent.

7.1 Open the folder containing the images:
/data/visitor/mxXXXX/beamline_name/date/RAW_DATA/Cerulean.

7.2 Make a safety copy of the process subfolder that can be found in the folder where the
partial data sets are collected.

7.2.1 On the Linux terminal, use the command cp —r process process_backup.
7.3 Navigate into the process folder and launch the processing script.
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310 7.3.1 Onthe Linux terminal, type the command cd process and hit enter.

311

312 7.3.2 Type procMultiCrystalData and hit enter.

313

314  Note: The script will ask for a space group and cell parameters (this information is optional),
315 enter those according to the instructions. After a last user confirmation, the script will run
316  automatically.

317

318 8. Merging of Data Sets

319

320 Note: After all partial data sets are integrated the best combination of them are merged to
321  produce the final data set for use in structure determination and refinement. Different aims of
322  this merging process can be to obtain full completeness (highly recommended), high

323  multiplicity or the best data statistics (high <I/o(l)>, low R-factors, etc.). The latter can

324 sometimes be at the expense of completeness and/or multiplicity so this option should be
325 chosen with care.

326

327 8.1 Merge the partial data sets using the program ccCluster!?. It uses Hierarchical Cluster
328  Analysis (HCA) to determine possible combinations of isomorphous partial data sets ().

329

330 8.1.1 Type ccCluster in the Unix terminal to open its graphical user interface (GUI).

331

332  Note: In the ccCluster GUI a dendrogram is drawn. This gives a suggestion as to which partial
333  data sets might be best merged based on isomorphism between them.

334

335 8.1.2 Click on a node that corresponds to a value of about 0.4 on the vertical axis. Generally,
336  higher values will include more partial data sets but lead to worse merging statistics as partial
337  data sets will be less isomorphous.

338

339 8.1.3 Click on MERGE DATA. The selected cluster will be processed in the background and the
340 estimated merging statistics will appear in a new tab in the GUI. This step can be repeated for
341  different combinations of data sets. For a good combination of partial data sets the

342  completeness should be close to 100%, the <I/a(1)> values high (10 or higher in the lowest
343  resolution shell) and the R-meas3! values low (around 5% in the low resolution shell).

344

345 8.2 For each combination selected use the generated input script to merge the partial data
346  sets chosen into a single mtz file (i.e., pointless3?).

347

348 8.3 Definitively scale and merge the intensity data in this file using a scaling program (i.e.,
349 aimless®?) and, as with a file originating from a single crystal data collection, use the output for
350 subsequent phasing and structure solution3.

351

352  REPRESENTATIVE RESULTS:
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MeshAndCollect, as implemented in MXCuBE2 (see Figure 1A), was used for the collection of
partial diffraction data sets from small crystals of Cerulean located on the same sample holder
in which visual identification of crystals was difficult. To screen the sample holder, we drew a
grid over the center of the meshloop (see Figure 1B) and based on the DOZOR score heat map
(see Figures 1C, 1D) 85 partial diffraction data sets were automatically collected. These were
individually integrated then merged (see above) to produce a data set with 99.8% completeness
at dmin = 1.7A (see Table 1). Half-set correlation (CC12)3* in the highest resolution shell was 60%
(<1/o(1)> = 4.7). As expected, the crystal structure of Cerulean could be straightforwardly solved
by molecular replacement? using the data set generated. After refinement, we obtained an
Rwork of 22.8% and an Rsree Of 25.4%. Superposition with the previously determined structure
(PDB entry 2WS0?%) shows a global rmsd on C, positions of 0.1 A.

FIGURE AND TABLE LEGENDS:
Table 1: Statistics of the merged data set indicating the high quality of the data collected.

Figure 1: Using MeshAndCollect to collect a series of partial data sets from a series of small
crystals contained in the same sample holder. A) User-interface of MXCuBE2. The green oval
over the on-axis viewer field indicates the grid tool. B) With it a grid is drawn onto the image of
sample holder in the life image field. C) Heat map of the DOZOR scores. D) Example of a
diffraction image. E) Dendrogram after hierarchical cluster analysis. Data sets in red were used
for merging. F) Overall structure of Cerulean.

DISCUSSION:

The success of an MX experiment usually depends on the existence of relatively large, well
diffracting crystals. For projects where optimization from small crystal showers to larger crystals
fails, MeshAndCollect provides a possibility to obtain a complete diffraction dataset for
structure solution via the combination of isomorphous partial data sets collected from a series
of small crystals. The method is compatible with synchrotron beamlines for MX, ideally with a
high photon flux and a small beam diameter, equipped with a state of the art diffractometer
device and a fast-readout detector. On such an end station, the data collection part of such an
experiment will take about 20 minutes, depending on the number of partial data sets to be
collected and the number of crystal-containing sample holders to be analyzed.

The most important prerequisite for the success of a MeshAndCollect experiment is the
existence of a sufficient number (at least 50, 100 ideally) of diffracting positions on the sample
holder. From experience, the minimum size of the crystals to be analyzed should be about 5 um
in the smallest dimension. The method is compatible with any kind of standard cryo-cooling
compatible sample holders with the best results being achieved using mesh mounts that are
rigid and straight.

At the ESRF, MeshAndCollect is implemented in a user-friendly manner in a Passerelle

(http://isencia.be/passerelle-edm-en) workflow3° available from the MXCuBE2 beamline
control software. A major advantage of MeshAndCollect compared to other SX methods is that
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the data collected can be processed by standard programs and automated pipelines used for
single crystal MX.

As our example shows, MeshAndCollect is very easy to apply and leads to a series of partial
diffraction data sets, usually collected from small crystals, which can be merged to produce a
complete data set for use in structure solution. Moreover, MeshAndCollect has the potential to
open up the sampling space of protein crystallography as it provides a way to collect usable
data from crystallization trials where the last optimization step, the production of large crystals,
is unsuccessful.

In the light of the current developments towards brighter X-ray sources (e.g., Extremely Brilliant
Source (EBS) project/ESRF??) it is foreseeable that due to increased radiation damage, the type
of multi-crystal data collection facilitated by MeshAndCollect will become the standard method
of data collection, rather than an exception — as is currently the case - at synchrotron-based MX
beamlines.
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Table

Statistics of the merged data set
Clustering Threshold

Number of partial datasets
Space Group

Unit Cell (a, b, c)

Resolution Range

Rmerge (all I+and I-)

Rmeas (all 1+ & I-)

Rpim (all I+ & I-)

Observations total/unique
Mean((1)/sd(1))

Mn(l) half-set correlation CC(1/2)
Completeness

Multiplicity

Final Reryst

Final Reree

0.35
25

P212121

50.98, 62.76, 69.50

46.58-1.70 (1.73-1.70)

0.133 (0.743)

0.142 (0.813)

0.047 (0.318)

220693/25129

13.8 (4.7)

0.994 (0.602)

99.8 (99.5)

8.8 (6.5)
22.8
25.4
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PEG8000

Sonicator vibra cell 75/15
Superdex 75 10/300 -GL
Tris base

Trypsin

Unipuck

Programs

ISPyB

Company

ESRF ID 23-1
Merck Millipore

Hampton Research
Roche

Life Technologies

Thermo Fisher Scientific

VWR Chemicals Prolabo

Euromedex

GE healthcare
Sigma-Aldrich
Sigma-Aldrich
MiTeGen
Fisher Chemical
Sigma-Aldrich
SONICS

GE healthcare
Euromedex
Sigma-Aldrich
Molecular Dimensions

ESRF
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item 1 (check one box): The Author elects to have the Materials be made available {as described at

http://www.jove.com/author) via: [J Standard Access k ] Open Access

[tem 2 {check one box):

m.J The Author is NOT a United States government employee,

[ ........ } The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

LJ The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEOQ LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Artide and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periedical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legatcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other faorm in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE"
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visuglized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “"Video” means any video(s} made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

6125426

2. Backeround. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memeorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royaity-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic farm) throughout the world, {b} to transtate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Perivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a} above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
{c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right 1o make such modifications as are technically necessary
to exercise the rights in other media and formats. #f the “Open
Access” box has been checked in ltem 1 zbove, JoVE and the
Author hereby grant to the public ali such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in_ Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use alt or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
institution’s wehsite or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author,

5. Grant of Rights in Video - Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in ltem 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the "Open Access” box has been checked in

Item 1 abave. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetuat (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digitai and
electronic form) throughout the world, (b} to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any porticn of the Video and exercise all
of the rights set forth in {a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and {c) to license others to do any or alt of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public alf such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
ficenses or grants granted by the Author hereunder exceed the
scope of the 17 U.5.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6
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statute. In such case, ali provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
rmaximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Authot’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is originat, that it has not been published, that
the copyright interest is owned by the Author {or, if more than
one author is listed at the beginning of this Agreement, by
stech authors collectively} and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and watrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect {o the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of alf or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation alf institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. K more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sofe discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shalt have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
fitming, timing of publication, if any, length, guality, content
and the like.

11. Indemnification. The Author agrees to indemnify foVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein, The Author further agrees to indemnify and
hold harmiess JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shail hold JoVE harmiess from, damages caused by
fack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. Al sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's
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expense. All indemnifications provided herein shatl include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmiess shall
include such losses or damages incurred hy, or in connection
with, acts or omissions of JoVE, its employeas, agents or
independent contractors.
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Withdrawal by the Author of any submitted Materials after
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ariginal, but all of which together shall be deemed to me one
and the same agreement. A sighed copy of this Agreement
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Rebuttal Letter

Benjamin Werth
Sr. Science Editor - Chemistry | Biochemistry
JoVE

Dear Dr. Benjamin Werth,

Click here to access/download;Rebuttal
Letter;Answer_to_reviewers_comments.pdf

Stephanie Hutin, PhD

European Synchrotron Radiation Facility (ESRF)
71, avenue des Martyrs

38043 Grenoble Cedex 9

Tel: +33 (0) 4 76 88 45 76

Thank you very much for the possibility to improve the manuscript to publish in JoVE. We
tried to address each of the questions and comments of the editorial board as well as the

reviewers.

Please find our comments attached to this letter and the new version of the manuscript

uploaded.

| am looking forward to hearing from you at your earliest convenience

Stephanie Hutin

I+


http://www.jove.com/
http://www.editorialmanager.com/jove/download.aspx?id=890786&guid=cba33690-909b-471e-8576-1843e14042cf&scheme=1
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Editorial comments:
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. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version.

Thank you very much for the advice, we ask native speakers to control the text.

2. Please rephrase the Summary to clearly describe the protocol and its applications in complete
sentences between 10-50 words: “Here, we present a protocol to ...”

We changed the summary accordingly.

3. Please add more details to your protocol steps. Please ensure you answer the “how” question,
i.e., how is the step performed? Alternatively, add references to published material specifying how
to perform the protocol action.

Please find the changes in the text.

4. 2.1.1: What medium is used? Please provide the composition. 27 or 37 C?

First at 37°C until OD600=1 and then at 27°C over night.

5.2.1.2: How are cells harvested? What are the sonication parameters?

Please find the changes in the text.

6. 2.1.3: Please provide more details on the column use.

Please find the changes in the text.

7. 2.1.4: How are the fractions colored? Is a detector used for characterization?

The protein is intrinsically coloured bright yellow, hence the protein fractions are easily
distinguishable.

8.2.1.5: How large are the pores in the dialysis bag? How long was the dialysis process? How much is
added to each bag?

We optimized the method using an S75.

9. 2.2.2: How are the seed beads used? How much is used?

It is actually easy to break them by tissue grinder.



10. Please specify all volumes and concentrations used throughout.

Please find the changes in the text.

11. Where are the hanging drop plates stored for crystal growth? What is the reservoir used and
how much?

20 °C with a reservoir of 1 mL 100 mM HEPES at pH 6.75, 12% PEG8000 and 100 mM MgCl,

12. 3.1; What is the cryosolution used?

It is the precipitation solution out of the well of the crystallization plate mixed with 20% glycerol.

13. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies
the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the
most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in
the manuscript, and therefore will still be available to the reader.

We marked 2.5 pages of the steps which should be visualized.

14. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one
highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please
ensure that the highlighted part of the step includes at least one action that is written in imperative
tense.

We followed this advice.

15. Steps 7 and 8 are not appropriate for filming.

We are aware of it, but would like to leave it in the written protocol for completeness.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The manuscript submitted by Hutin et al. describes the use of MeshAndCollect at ESRF
macromolecular crystallography beamlines for the structure determination of the model protein
Cerulean. MeshAndCollect is a workflow to help the data collection of microcrystals in a serial
fashion. It includes the raster scanning of a mesh containing a slurry of microcrystals, the
identification and selection of crystals hits, and the collection and merging of many partial data sets.
The authors briefly described the protocol used for the structure solution of high diffracting
microcrystals of Cerulean, from the expression and purification of the protein, to the crystallographic
data collection/processing using MeshAndCollect.



We thank the reviewer for his useful and thoughtful revision. Please find below our comments and
corrections concerning each point.

The paper may be of interest for ESRF users who aim at determining structures from microcrystals.
Here we use an ESRF beamline, but the method can be used at any synchrotron.

The manuscript would need to address the following comments and corrections (see below) prior to
publication.

Major Concerns:
-1100. The paragraph starting on 1100 is of little relevance in the context of this paper and could be
remove entirely.

We would prefer to keep this paragraph in the text. For this example we did not use a classical test
protein, such as Lysozyme or Insulin, hence we do believe that have to introduce this protein most
crystallographers are not familiar with.

-1111. The reasoning in selecting crystals that diffract to 1 Ang resolution is arguable since typical
targets of SX experiments tend to diffract poorly.

Other examples of this protocol using less diffracting crystals are already published in literature (e.g.
Zander 2015 or Santoni 2017). We wanted to present here a new example with a protein of
biological interest that happens to diffract at 1A. The argument in the text has been edited
accordingly.

- 1182. Please explain the advantages of using a multi-axis goniometer like the mini-kappa when
microcrystals on the mesh are expected to be randomly oriented.

The protocol being most suited for a sample holder which is flat and perpendicular to the beam, a
multi-axis goniometer allows to better orient the whole support. Random orientation of the
individual samples will be kept in any case

-1217. Why only 1.8 Ang resolution when crystals are supposed to diffract to 1 Ang (1111)?

Most protein crystals have an intrinsic variability in resolution ranges. The 1A value is obtained from
bigger crystals with more intense beams. For the structural description please consult the
Lelimousin et al.”° We took the sentence out to avoid confusion.

-1222. Please give the data collection parameters for the mesh scan, as well as an estimate for the
duration of both the mesh scan and the DOZOR analysis (in a typical experiment with Cerulean).

The default parameters are included in the text.

- Table. Is the space group P222 correct? Isn't it supposed to be P212121 (like PDB 2WS0)?

Typing error, thanks for pointing it out. Has been edited to P212121.

Minor Concerns:



- 173. Citation Akey et al. is not relevant in that context as the crystals are not microcrystals. A review
on SX may be a better choice here, for instance Diederichs et al. 2017 MiMB.

We changed it.

- 185. Please define "state-of-the-art X-ray source". When considering SX experiments, it usually
implies microfocus undulator beamlines.

We specified it.

- 1142. Please specify the loop size.

Specified in the text. We tend to prefer MiTeGen mesh 700x25, but all kind of supports is suitable,
given that it can stay flat and perpendicular to the beam

- 156. Replace "use in structure determination protocols" with "use in structure determination"

We replaced it.

-161. Remove "While"

We removed it.

- 165. Replace "classical" with "conventional"

We replaced it.
- 188. Replace "membrane protein crystals grown in lipidic and cubic phases" with "in meso grown
microcrystals of membrane proteins"

We replaced it.

-191. Remove "preliminary"

We removed it.

- 194. Replace "usually" with "typically". Explain why 102.

We replaced it and added the explanation for the 10 degrees in the text.

-1117. Remove "2. Expression and purification" as it is already in [115.

We removed it.

-1318. Correct "small big crystals"



Thank you very much to bring that to our attention. We removed the word “big”. It slipped our
proofreading.

Reviewer #2:

We are thankful for the useful revision of this reviewer and addressed his comments below:.

Manuscript Summary:
The manuscript describes the use of mesh and collect for structure determination of CFP cerulean. It
largely repeats the work reported in Zander et al (2015).

Well, here we provide a detailed protocol which can be used step-by-step by the crystallography
community experiments based on the publication of Zander et al (2015). We think that the method
is so important that it should be available to the scientific community as a video and protocol.

Some of the referencing could be improved based on the first few | looked at. Are McPherson
(reference 1) and Giege (2) really suitable references for the statement that a bottleneck in MX is the
need for large, well diffracting crystals?

We took the references out given that it is common knowledge.

The manuscript seems to jump from talking about the need for large crystals to serial experiments.
What about the well-established field of microfocus MX? This would seem too much more relevant
than injector based serial experiments. MeshAndCollect is a development (and improvement /
automation of) 'traditional' microfocus MX experiments rather than an answer to/improvement on
jet/extruder SSX. It would be an improvement if the introduction reflected this.

We edited the text accordingly.

| understand that the text will be used as the basis of a video, but if the text is to accompany the
video the protocols should be significantly reduced in length.

For the video we will just use 2.75 pages or less. Still the additional information will provide
significant help to the experimentator to acquire good data.

Results/discussion

Line 283 - superimposition should be superposition.

We replaced it.

Line 318 - what are small big crystals?

Thank you very much to bring that to our attention. We removed the word “big”. It slipped our
proofreading.



