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The rapid evolution of micro- and nanocrystallography as
an important and distinct field of macromolecular crystal-
lography was, from its very beginning, closely tied to the
advent of ultrafast, pulsed x-ray sources of the 4th gener-
ation such as X-ray free-electron lasers (XFELs). Today,
serial femtosecond nanocrystallography experiments at
XFELs have proven to be a powerful method for time re-
solved studies of fundamental biological dynamics on the
molecular level, ranging from enzyme-substrate mixing to
photo-induced timed resolved dynamical processes. For the
new X-ray free-electron laser facility European XFEL, dy-
namical biology in the sense of time resolved micro- and
nanocrystallography was determined to be one of the major
pillars of scientific research, and the envisaged X-ray pulse
repetition rates in the Megahertz regime at European XFEL
promise to offer unique capabilities for data collection for
such experiments.

Here, we present capabilities, experiences and results from
the first run of experiments at the SPB/SFX scientific instru-
ment of the European XFEL. We give an overview of the
general design and capabilities of the instrument and out-
line what benefits and challenges come from the uniquely
high X-ray repetition rate. This includes the consequences
for sample delivery, detector calibration, data collection and
experimental performance in general. We further outline the
capabilities for ultrafast time resolved studies at SPB/SFX
aided by an optical laser system that follows the European
XFEL’s MHz pulse structure. Finally, plans for the incorpo-
ration and commissioning of new X-ray focussing mirror
optics, and the installation of two additional experimental
interaction regions at SPB/SFX will be presented and are
envisaged to greatly enhance the experimental capabilities
of the instrument for micro- and nanocrystallography.Ref-
erences:
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Fourth-generation X-ray sources, fast sample delivery sys-
tems for micro-crystals and pixel-array detectors with ever
faster frame rates are radically extending ways of collecting
diffraction data, while associated software developments
are creating a continuum of options between serial exper-
iments at synchrotrons and at XFELs.

From the viewpoint of structure-based drug discovery, these
developments will give better access to targets for which
“macro-crystals” cannot be obtained, but they will do so at
a greatly increased cost. This encourages renewed efforts to
more fully exploit the intrinsic advantages of macro-crys-
tals, when available, through better experiments. Unfortu-
nately, strong emphasis on automation and speed in typical
high-throughput data collection workflows has left little
room for invoking any form of expert decision making in
data collection without considerable disruption of automa-
tion.

An unlikely opportunity linked to the development of
the Diamond 123 experimental phasing beamline (Armin
Wagner) has enabled us to address this limitation via a
“Third-party design and control” approach that makes our
solution transferable between different beamline software
environments with minimum effort. This approach has been
validated by the live execution of our workflows on Dia-
mond beamlines running under the GDA control software,
and recently on the ESRF ID30B beamline running under
MXCuBE.

We have been able to demonstrate that “Club Class”
multi-orientation datasets can significantly enhance the
detection and characterisation of small weakly bound frag-
ments - a process fundamental to fragment-based drug dis-
covery - in the context of a fragment screening campaign.
Numerous datasets collected on the ESRF MASSIF-1
beamline were processed with the Global Phasing “Pipe-
dream” software suite that seamlessly combines automated
data reduction and model refinement with ligand density
elicitation, automated ligand fitting and ligand geometry
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validation. New interfaces for the ranking and evaluation
of Pipedream results were developed within the Crystalli-
zation Information Management System (CRIMS) in order
to support rapid analysis and decision making in the con-
text of large-scale compound and fragment screening cam-
paigns. The use of a small number of “Club Class” datasets
(manually collected on the ESRF ID30B and SLS PX-III
beamlines) led to a significant increase in the number of hits
and enabled a complete elucidation of initially ambiguous
binding modes for a number of challenging fragments. The
approach described here is widely applicable and illustrates
the potential of the combined use of “Club Class” data col-
lection strategies and of fully automated protein-to-structure
X-ray crystallography pipelines to achieve higher perfor-
mance in large-scale compound and fragment screening
campaigns.
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Data collection is often described as the last experimental
step in crystallographic experiments. The reason is that the
choice of data collection parameters and strategy will influ-
ence the quality of the data which in turn will determine the
amount of information that subsequent data processing and
phasing software can be extract from the data, the quality of
electron density maps and, ultimately, the failure or success
of the experiment.

Unfortunately there is not a simple one-fits-all recipe to col-
lect good data. The optimal strategy depends on the exper-
imental purpose, the characteristics of the X-ray beam and
instrumentation used to collect data and the samples prop-
erties. Radiation damage is often a critical factor limiting
data quality and being able to predict the absorbed dose and
mitigate the effects of exposure to X-rays is very important
to a successful experiment.

While some general principles and guidelines to obtain
good data are often successfully followed, blind applica-
tion of rules of thumb can sometimes result in suboptimal
experiments due to the conflicting effects of different data
collection practices. Strategy programs developed over the
last decade are in use at many dedicated macromolecular
crystallography beamlines provide good guidance; howev-
er human experience is still beneficial to interpret software
output and make the best decicions in difficult cases. Under-
standing the role of all the different factors on data quality
is key to designing a reasonable data collection strategy that
offers the best compromise between conflicting require-
ments and facilitates data processing and structure solution.
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