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Acoustic dispensing in higthroughput crystallography
1. Current approaches (2011
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Figure 1

First* use of Acoustic dispensing in crystallography
Slurries of microcrystals mounted onto grid raster
Leveraged developments around FEL approaches
in both data processing (serial crystallography)
and sample handling (liquid jets on FELS).
Misconceptions:

GaAONRONERalGFftAa FFNB SIFaas NJ el B g€ O/ K

Beam flux means moving to serial crystallography is
inevitable

Soareset al Biochemistry 2011

w NSLS Il User meeting 2010
w Wood EW, Loomis AL. Philosophical Magazine Series. 1927;7¢43617



‘Il used to say the evening that | developed the first x-ray photograph I took of
insulin in 1935 was the most exciting moment of my life. But the Saturday
afternoon in late July 1969, when we realized that the insulin electron density map
was interpretable, runs that moment very close.”

— Dorothy Hodgkin

Insulin and lysozyme

Standard test cases

Approach suffers from &
serial approaches to

data collection

Other norAD _
dispensing techniques  gianqard approaches Soarest al Biochemistry 2011




AD in crystal growth as an addition to miniaturization

50 nL drop volume (Echo 555) 100 nL drop volume (Echo 555) 1 pL drop volume (manual)
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Summary

* The ability of the Echo liquid handler to precisely dispense volumes
as low as 2.5 nL allows for miniaturization of protein crystallography
trials — saving on reagents and protein.

» Touchless fluid transfer eliminates carryover and contamination.

* Dynamic Fluid Analysis™ allows for transfer of protein and most
sparse matrix screens with a single fluid class setting, eliminating the
need for multiple settings or changing calibrations.

* Eliminates liquid handling consumables, ie: pipette tips, and the
associated costs and waste.

* High-concentration stock components can be transferred on the fly
to quickly generate grid screening conditions.
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Low volume pipetting reaches similal
sample efficiency
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No true (quantum) leap in throughpu
or range of experiments possible
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AD in crystal growth as an addition to current technologies

; Acoustic matrix microseeding: improving protein crystal growth with minimal chemical bias

1 ' ‘I A. G. Villaseiior, A. Wong, A. Shao, A. Garg, A. Kuglstatter and S. F. Harris
~—m———— A crystal seeding technique is introduced that uses acoustic waves to deliver nanolitre volumes of seed suspension into protein
bias from chemical compaonents in the seed-carrying buffer suspension. Using this technique, it was found that while buffer cor
boosting the number of sparse-matrix conditions that yield protein crystals.

Keywords: crystal seeds; acoustic liquid dispensing; protein crystallization.
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AD In crystal growth as an addition to current technologies

Potential use of ultrasound to promote protein crystallization

Rosa Crespo,? Pedro M. Martins,?* Luis Gales,>? Fernando Rochac and Ana M. Damas®?b

aGrupo de Estrutura Molecular, IBMC - Instituto de Biologia Molecular e Celular, Porto, Portugal, PICBAS - Ir
*Correspondence e-mail: pmartins@ibmec.up.pt

(Received 12 May 2010; accepted 12 October 2010; online 9 November 2010)

This work shows promising applications of ultrasound in promoting protein crystallization, which is important
egg-white lysozyme were carried out with and without ultrasonic irradiation using commercial crystallization
technique. The same effect was confirmed by the increased number of conditions leading to the formation of
have better diffraction properties. In fact, X-ray diffraction data sets collected using 13 lysozyme crystals (se
the preliminary diffraction results also suggest a promising application in crystal quality enhancement.
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AD in fragmentbased screening approaches

AD/Xray synergyealised®

Pioneered by T L Blundell HR@edChemn Astex

Multiple low affinity starting points can be found

Cocktall soaks

Reproducibility

= Fragment
+ . screeningin
crystals

automat — robotics = synchrotron = algorithms

XN

astex

pharmaceuticals

Standard maps
best phases

Standard maps
degraded phases

PanDDA maps
best phases

50 B o

PanDDA Maps
degraded phases
)

Article | OPEN

A multi-crystal method for
extracting obscured
crystallographic states from

conventionally uninterpretable

electron density
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AD in fragmentbased screening approaches

ECHO as a solution to fragment soaks
Precise volume w/o pipetting
(Partial) higkthroughput

Implemented withinXchemat DiamondLightsource_td, UK

RESEARCH PAPERS S Y+
Acta Cryst. (2017). D73, 246-255
https://doi.org/10.1107/5205979831700331X —
Cited by [g] OPEN o] ACCESS
Gentle, fast and effective crystal soaking by acoustic dispensing
P. M. Collins, ]J. T. Ng, R. Talon, K. Nekrosiute, T. Krojer, A. Douangamath, J. Brandao-Neto, N. Wright,
r_.. ’ N. M. Pearce and F. von Delft 'm

The steady expansion in the capacity of modern beamlines for high-throughput data collection, enabled by

increasing X-ray brightness, capacity of robotics and detector speeds, has pushed the bottleneck upstream towards

sample preparation. Even in ligand-binding studies using crystal soaking, the experiment best able to exploit beamline capacity, a
primary limitation is the need for gentle and nontrivial soaking regimens such as stepwise concentration increases, even for robust
and well characterized crystals. Here, the use of acoustic droplet ejection for the soaking of protein crystals with small molecules is
described, and it is shown that it is both gentle on crystals and allows very high throughput, with 1000 unigue soaks easily
performed in under 10 min. In addition to having very low compound consumption (tens of nanolitres per sample), the positional
precision of acoustic droplet ejection enables the targeted placement of the compound/solvent away from crystals and towards
drop edges, allowing gradual diffusion of solvent across the drop. This ensures both an improvement in the reproducibility of X-ray
diffraction and increased solvent tolerance of the crystals, thus enabling higher effective compound-soaking concentrations. The
technique is detailed here with examples from the protein target JMID2D, a histone lysine demethylase with roles in cancer and the
focus of active structure-based drug-design efforts.

Keywords: fragment screening; crystal soaking; acoustic droplet ejection; Diamond Light Source I04-1; Structural
Genomics Consortium; XChem.
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AD in fragmentbased screening approaches

Npvelexperimental modalities

Soaking patterns/offsets




