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MASSIF-1

Fully autonomous beamline
* no user control
« data collection optimised for every sample

* Flexible booking, queuing system

Fixed energy: 12.84 keV
Highly intense beam: 5 x 1012 ph/sec
Flexible beamsize: 100 to 10 pum

 Arinax MD2s diffractometer

Flex HCD — 368 samples capacity
+ Pilatus3 2M

» CrystalDirect Harvester

Bowler et al., J Sync Rad (2015)



Samples at MASSIF-1

Diversity of sample holder (pins)

Svensson et al., Acta Crys D (2015) - Svensson et al., Acta Crys D (2018)



Samples at MASSIF-1

Diversity of sample holder (pins) Multiple data collection
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Samples at MASSIF-1

Diversity of sample holder (pins) Multiple data collection
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Diffraction Plan

Workflows

Tutorial on Feb 7t afternoon

O Retrieved 5062 samples for selected proposal

%’ EXIMX  Extended ISPyB for MXger

Home Shipment Proteins and Crystals Prepare Experiment Data Explorer Off Data Analysis s Log out mx415@mx415
Shipment
§ Name: | AA123A Type: SPINE
= A Sample name field is mandatory snd no special characters are allowed
A Protein + sample name should be unique for the whole proposal
# Protein Sample Pin Crystal Form [} Exp. Aimed Required Beam Number of Aimed Aimed Forced Radistion Smiles Tot Rot. Observed
Acronym Name BarCode Type resolution | resolution  Diameter positions multiplicitt Completeness Space G.  Sensitivity Angle resolution
1 LYS z1 Undefined G | MXPressO 1.7 Cc1eccect 380
2 LYs z2 Undefined & | MXPressO 1.7 0.7 260
3 LYs z3 Undefined G | MxPressE_SAD J1.7
4 LYS z4 Undefined & || MXPressE_SAD 20
5 | LYS z5 Undefined G | MXPressP 7 8
8 LYs 26 Undefined G | MXPressE 3 8 20
7 | LYS z7 Undefined G | MXPressE
8 THAU x234 P41212-(57.3,57.3,148.8-90,90, G | MXPressE
90)
9 THAU x235 P41212-(57.3,57.3,148.8-90,90, @ | MXPressE 3.2 200
20)
10 THAU x238 P41212-(57.2,57.2,148.8-90,90, G | MXPressE 32 200
90)

Workflow details: https://www.esrf.fr/IMXPressWFE

EMBL

Svensson et al., Acta Crys D (2015)


https://www.esrf.fr/MXPressWF

Data collection results
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Data collection of low symmetry space groups

Automated crystal reorientation and additional data collection G(I)L

Global Phasing Limited

Space group P1: small amount of data lost in the blind region

Mini kappa opening
Second data collection at different crystal orientation

Mini-k goniometer head Z "
@ B
EMBL ::

Brockhauser et al., Acta Crys D (2013)



Data collection of 1057 (pilot project: P1)

PanDDA analysis 135 datasets did not detect any binding for this ligand G(I)L
“Old” data for complex “New” data for complex Global Phasing Limited
(Standard protocol) (4-sweep protocol on ID30-B)

N

“Old” Model
(refined against best
standard dataset)

“‘New” Model
(refined against a
4-sweep DMSO
dataset, ID30-B)

(Collaboration: Merck KGaA and Marquez Team)



Integration of the CrystalDirect harvester %
Commissioning ongoing ESRF




CrystalDirect harvester ITXLab
Fully automated crystallography pipeline controlled through CRIMS interface
Crystallization facility at EMBL.: Funded access:
°
+ Online Crystallography (Protein to Structure) ‘,.';.) iNEXT ". Inshoct
@ Discovery é}oe‘bggmg

- Fragment Screening

 Serial crystallography for membrane proteins
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- Cornaciu et al., J Vis Exp. (2021)

Cipriani et al., Acta Cryst D (2012)
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MASSIF-1
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CrystalDirect harvester at




CrystalDirect harvester at MASSIF-1

ESRF




CrystalDirect harvester at MASSIF-1




Automated crystal harvesting and data collection pipeline

Harvesting plan preparation in CRIMS interface
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CrystalDirect
File Devices Help
Actons

Plate ID: [CD033242 set

Table

Open Processing Plan
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Pin Storage

Pucks
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SCRescan

Match Gripper

Defreeze Gripper

13 Cycles before defreeze
+ 5 (Grace harvestings)

Empty Puck

‘ ADO78A Cell4 Pos:2

Harvesting Parameters  Advanced Maintenance

) Harvest unmarked crystal Il

Harvest

Pin:

500x300.5vg | Orientaton: | 145,803

Ghing Delay: 0.24]s  [JForce FimFocusing Cut shape side cuts in advance.

ryo Protection

Auto-pause after Cryo Protection
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Number of aspiration sites :

Cross.ims v Cross.ims v 1

Drop Aspiration: ~ Count: | 4
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Unload Sample

Ready

100
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Zoom:

Harvest Results
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v BackLight:
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Hardware Status

O
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CrystalDirect
File Devices Help

Actions. e _— T e = oo I o ] = = Monitoring
—— . o — . _ T B
e @® (©) Laser : Ready v
I o st apetoecin
I o o
26 (Rack:22-SC:4) View
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1> Continue ¥ Redo Aspiration
Harvest 100 um
Pin:
5 Harvest Results Posion  Plateld  Crystalld Success  PinBarc... PuckBa... PinPosi.. . NoXtals  Ice? Temper... Message
600x300.5vg | Orientation: | 145.803 Tone e ot e L s smen s pe ~
g Fo6-1 . true nul ADOS7A |15 1 false
Fo6-1 EWBZZQZ . true nul /ADOS7A 16 1 false
Ghing Delay: 023]s  [JForce Fim Focusing Cut shape side cuts in advance E063  |CD03324: . e null ADOSIA |1 1 false.
D061 (CD033242 . oull ADOBIA 2 1 false
_[co6-1 |cpo3s242 null ADOSIA 3 1 false
B06- nul ADOSIA |4 1 false
5 ~ 5 /A06-1 \CD033242 1 1 false lauto-detect no harvesting shape
ryo Protection Auto-pause after Cryo Protection 1746 oL - T 5 =
il ADOSIA 6 1 false.
Depressurizatio Number of aspiration sites : ol ADOSIA 7 1 folse
null ADOSIA 8 1 false
Cross.ims v Cross.ims v 1 =] ADoSTA 6 T e
4 Fo7- 242 il ADOS1A 10 1 false.
ration: . = 3 G071 (CD033242 (680387d... ol ADOSIA 11 L folse
Drop Aspiration: ~ Count: | 4 Tme: | 0.7/3]s h = T o5 =
nul /ADO81A 13 1 false
il ADOSIA (14 25 false.
ol ADOSIA |15 e false. Park All Abort
nl 1 il ADOSIA 16 1 false.
Unload samnte ol ADOSIA |15 i folse
il AD021A 3 [T false.
nul /ADO21A |4 .|l false v

Ready Admin 16:00:39 €)




CrystalDirect
File Devices Help
Actions
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10 CrystalDirect
File Devices Help
Actions

Table

Open Processing Plan
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Automated crystal harvesting and data collection pipeline

Software integration ——

Workflow

Crystal harvesting

CrystalDirect ) @
| harvester
Harvesting 1 1

Plan

R —
C | M S Developed by EMBL ¢ E
Crystallization Information Management System =

Protein crystallisation




Current status

Validation of different data collection modalities

Data collection at cryogenic temperature

« Samples harvested and collected in automated mode without user intervention

Systematic analysis of crystallization conditions

MXPressR: small fast mesh + EDNA

EMBL ::



Current status

Validation of different data collection modalities

Dehydration screening

Improve crystal diffraction quality
Queue system to shorten the experimental set up

MXPressR_dehydration: batch configurable parameter

EMBL ::



Current status

Validation of different data collection modalities

Data collection at room temperature
+ Protein dynamic, ligand binding site interactions, protein allosteric sites

+ MXPressR_180: small fast mesh with batch configurable dose adapted to beam size

EMBL ::



Conclusion

The integration of CrystalDirect harvester at MASSIF-1 will expand the beamline automated services.

The beamline upgrade will open to new experimental possibilities allowing the development of new automated and

target-based data collection modalities.

Plate-to-beam Applications
Increased efficiency for fragment screening and high throughput applications
Automated dehydration experiments
Systematic studies at RT
Time course experiments

Systematic analysis of crystallization conditions

rocchio@embl.fr

ESRF EMBL



Conclusion

The integration of CrystalDirect harvester at MASSIF-1 will expand the beamline automated services.

The beamline upgrade will open to new experimental possibilities allowing the development of new automated and

target-based data collection modalities.

Future Plans

User acces: mid 2022

o High throughput large scale RT data collection series
o Workflow optimization (muliple target systems)
o RT serial crystallography

o In situ screening and data collection

rocchio@embl.fr

ESRF EMBL



Future development Instrumentation

Fully automation of the entire process: plate holder and pin station Team
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13:15 — 13:45 8 Feb, 2022

Serena Rocchio

13:45-14:15

Nicolas Foos

Poster Session

McCarthy/Marquez Teams

Fully autonomous end-to-end protein to structure pipelines: the
CrystalDirect harvester at MASSIF-1

S Rocchio,, J Sinoiry, JB Florial,, M Lopez-Merraro,, F Felisaz,, P Murphy,, F Dupex,, AS Humm,, D Nurizzo,, O Svesson, N Foos,, GA Leonard,, G Papp,,
AA McCarthy,, JA Marquez,, MW Bowler,.

1European Molecular Biology Laboratory (EMBL) - Grenable; ; European Synchrotron Radiation Facility (ESRF).

Automation is changing the way in which crystallographic data are collected, allowing large amounts of high-quality data to be collected efficiently and paving the way to the development of more specific methods [1,2]. Here, the possibility
1o explore different data collection modalities is important to keep up with modemn structural biology projects. The Crystal

rect harvester allows access to a fully automated protein crystallography workflow, integrating protein
crystallization, sample harvesting and cryocooling into an automated process [3,4,5]. The combination of the CrystalDirect harvester with the automation on MASSIF-1 allows the development of different data collections modalities, aimed
10 respand to multiple technical and experimental challenges [5.6,7]. To date, room temperature (RT) data collection and dehydration experiments require a large number of manual steps and the set-up of the experimental conditions is
time-consuming; the automation of this process wil facilitate their access to non-expert users [£,9,10,11]. The beamline upgrade will open new experimental opportunities and help respand to the dynamic change of scientific needs, such
as the increased interest in structural data at physiologi [10.11, 12]. Commi is currently ongoing with full user mode acoess foreseen in mid 2022.

McCarth hroti

Performing in-situ data collection : service provision
for the most complex experiments

N.Foos,, M.Bowler,, D.Nurizzo,, S.Rocchio,, J.Sinoir,, J.B.Florial,, C.Mueller-Dieckmann,, G.A.Leonard,, J.Marquez,, G.Papp,, A.A.McCarthy,

1: EMBL Gronablo Out Station, 2: ESAF

Being fast, reliable and automated is what makes X-ray crystallography efficient, popular, successful and in constant

Our project takes advantage of the FLEX robot and its versatility to make the missing link between the HTX high throughput
Improvement. The bright beam offered by the ESRF-EBS makes possible to collect excellent data from micro to nano-crystals

crystallization platform, the Crystal-Direct harvester and the MD2:S diffractometer on the beamline. In order to create a complete
using the latest developments in serial approaches. Our project aims to address the issue of high throughput in structural biology

pipeline we are implementing an automated in-situ screening and data-collection service. To drive the experiment and make it
projects, while at the same time pushing forward more classical experiments thanks o the Implementation of the EMBL Grenoble  user friendly, we are developing an efficient workflow integrating automated decision making to achieve a fully automated data '
HTX platform which offers a robust solution for automated crystal harvesting. To achieve this we are creating the convergence collection beginning from crystal growing devices (plates as well as microfluidic chips). ‘
between the final diffraction experiment and the original crystallization assay




