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Public Talk

PuBLIC TALK | EXAMINING OLD PAINTINGS WITH NEW X-RAY METHODS: A FRESH LOOK AT
AND BELOW THE SURFACE

Janssens, Koen (University of Antwerp, B)

Imaging of painted works of art such as oil and panel paintings is traditionally done by means of X-ray radiography
and Infra-red reflectography, where the first method allows to obtain information on hidden/overpainted layers
and the second is very suitable for visualization of underdrawings. In the last decade, a number of hyperspectral
methods have been developed that allow to obtain more information in a non-invasive manner from such
artworks. Two of these are macroscopic X-ray fluorescence (MA-XRF) and Macroscopic X-ray powder diffraction
(MA-XRPD), allowing to record respectively large scale elemental and crystal phase maps. In the first half of this
lecture, the examination by means of MA-XRF of well-known works of art such as Van Eyck's 'The Ghent
Altarpiece', Bosch' 'Last Judgement' and Rubens' 'The Little Fur' will be discussed, revealing information that is
highly relevant for art-historians and others interested in the creative process that gave rise to these artworks. In
the second half of the lecture, the phenomenon of spontaneous (chemical) degradation of painted works of art will
be the central theme. For the first time, MA-XRPD allows to visualize and detect the effect of subtle chemical
transformations below or at the surface of painting. As examples, the examination of Vermeer's 'Girl with the Pearl
Earring' and Van Gogh's 'Sunflowers' will be discussed. In many cases, to complement the macroscopic imaging,
microscopic analysis of paint cross sections with synchrotron X-ray beams is also highly useful as this allows to
better understand at which depth below the surface the degradation phenomena are taking place.



PusLic TALK | More Than A Century Of Crystallography: What Has It Taught Us
And Where Will It Lead?

Garman, Elspeth (University of Oxford, Oxford, GBR)

What has the art of the chocolatier got to do with drug discovery, proteins and DNA? The linking theme is crystals,
which allow us to determine the three-dimensional shapes of all sizes of molecules, ranging from the tiny
chocolate moiety to the much larger proteins that allow our bodies to function through to the DNA that carries our
genetic information. Crystallography was born in 1913 with the determination of the 3-D structure of sodium
chloride (salt) by the Bragg father and son team. It has flowered to elucidate many disciplines since then, with
applications in engineering, physics, chemistry, earth sciences and biology. Using crystallography, we can unravel
the shapes of biomolecules in our bodies that are targets for drugs against disease, and thus identify new
treatments. | will focus on this last field, and give an overview of what is currently achievable and what may be
possible in the future (my crystal ball permitting!).



Plenary

PL1 | THE CYTOMOTIVE SWITCH IN ACTINS AND TUBULINS
Léwe, Jan (Laboratory of Molecular Biology, Cambridge, GBR)

Protein filaments are used in cells of all sizes to position other molecules in time and space. These filaments can be
called cytoskeletons, and they perform critical organising functions in a wide array of fundamental processes. The
number of protein families used to form cytoskeletons is, perhaps, surprisingly small given the diversity of
processes in which cytoskeletons play a role. In particular, in cytoskeletons across all domains of life, members of
the actin and tubulin superfamily are found remarkably often, while the filaments they form are used in quite
different processes. For example, prokaryotic actin and tubulin filaments such as ParM, FtsZ, MreB, TubZ, MamK,
AIfA and BtubAB illustrate their functional diversity. One explanation for the structural but not functional
conservation is that actin and tubulin proteins are special — that their structures encode hard-to-evolve
mechanistic features that are useful in many contexts. Using a variety of structural bioinformatic analyses we
integrated existing data about the tubulin superfamily to show that one conserved and (putatively) hard-to-evolve
feature found across eukaryotic and bacterial tubulins is conformational switching upon polymerisation. We also
showed that a similar feature is found across the actin superfamily. So far it is clear that conformational switching
upon polymerisation mechanisms underlie the dynamics, and therefore functions, of microtubules and F-actin.
Importantly, there are now several examples of the same conformational switching upon polymerisation feature
being exploited in the functioning of prokaryotic actin and tubulin filaments as well: notably in the treadmilling
FtsZ filament during bacterial cell division, and for the assembly of the magnetosome-positioning MamK filament
(amongst other examples). Interestingly, actin MreB is an outlier in the sense that it does not seem to switch upon
polymerisation, and this is in line with previous data that showed MreB filaments to be non-dynamic, being moved
along by cell wall synthesis. Altogether, these findings suggest that conformational switching upon polymerisation
is what makes both actin and tubulin special, and especially useful for building dynamic cytoskeletons using
cytomotive filaments.



PL2 | QUANTUM CRYSTALLOGRAPHIC STUDIES OF ADVANCED MATERIALS

Brummerstedt Iversen, Bo (Aarhus University, Aarhus, DNK)

Layered (2D) materials exhibit a variety of extraordinary properties, and recent focus has included topological
insulators, electrode materials, monolayers, hetero structures — and thermoelectrics. The physical properties such
as band gap or thermal and electrical conductivity are related to the detailed structural characteristics as well as
the specific chemical bonding both within the covalent layers and across the van der Waal gap. It is generally
assumed that layered materials exhibit anisotropic properties, but the properties are rarely discussed in direct
relation to the specific chemical bonding characteristics of the solid.

Using advanced crystallographic analysis such as charge density modelling, NXMEM analysis, 3D-PDF as well as ab
initio theoretical calculations, we have studied the crystal structures, chemical bonding and physical properties of a
range of important thermoelectric materials including Cu2Se [1], Mg3Sb2 [2], SnS2 [3], TiS2 [4], SnSe [5] and PbS
[6].

[1] a) E. Eikeland et al., IUCr-J 2017, 4, 467-485, b) K. J. Dalgaard et al., Adv. Theory Simul. 2018, 1, 1800068, N.
Roth & B. B. Iversen, Acta Crystallogr. Sect. A 2019, 75, 465-473

[2] J. Zhang et al., Nature Commun. 2016, 7, 10892; Nature Commun. 2017, 8, 13901; Nature Commun. 2018, 9,
4716; npj comp. mater. 2019, in press

[3] M. Filsg et al., Dalton Trans. 2016, 45, 3798 — 3805

[4] H. Kasai et al., Nature Materials 2018, 17, 249-252

[5] M. Sist et al., Acta Crystallogr. Sect. B. 2016, 72, 310-316

[6] C. Zeuthen et al., J. Am. Chem. Soc. 2019, 141,20, 8146-8157



Keynote

KNO1 | GROUND STATE SELECTION IN QUANTUM PYROCHLORE MAGNETS
Gaulin, Bruce (McMaster University, Hamilton, CAN)

The pyrochlore lattice, a network of corner-sharing tetrahedra, is one of the most pervasive crystalline
architectures in nature that supports geometrical frustration. We and others have been interested in a family of
rare earth pyrochlore magnets, that can display quantum S=1/2 magnetism on such a lattice. The ground states
for some of these materials may be disordered, as occurs for "spin ice", a version of this phenomena with the same
frustration and degeneracy as solid ice, as well as by a quantum version of this model known as "quantum spin ice"
that possesses an emergent quantum electrodynamics. Non-colinear antiferromagnetic ground states are also
expressed in rare earth pyrochlore magnets, and | will describe how this comes about and these ground states can
be understood, with an emphasis on modern neutron scattering. I'll also discuss a generalized phase diagram for
the ground states of these materials, with emphasis on the Yb,Ti,05, Er,Ti,0;, and Er,Pt,0,, and comment on how
fragile some of these quantum ground states seem to be with respect to weak quenched disorder, which is hard to
avoid in real materials.



KNO2 | NEw EXPERIMENTAL TECHNIQUES FOR EXPLORING CRYSTALLIZATION PATHWAYS

AND STRUCTURAL PROPERTIES OF SOLIDS
Harris, Kenneth (Cardiff University, Cardiff, GBR)

The lecture will highlight two experimental strategies that we are developing, specifically: (i) in-situ solid-state
NMR techniques for monitoring the time-evolution of crystallization processes, and (ii) X-ray Birefringence
Imaging, a new technique that allows the distribution of molecular orientations in anisotropic materials to be
mapped in a spatially resolved manner.

Our in-situ solid-state NMR techniques for studying crystallization pathways exploit the ability of NMR to
selectively detect the solid phase in heterogeneous solid/liquid systems of the type that exist during crystallization
from solution. This strategy allows the sequence of solid phases formed during crystallization to be established,
including the discovery of new transient polymorphs. A recent development is an in-situ NMR strategy (called
"CLASSIC NMR") that yields simultaneous information on the time-evolution of both the solid phase and the liquid
phase during crystallization. This strategy extends the scope and capability of in-situ NMR for gaining insights into
the evolution of crystallization processes.

Following our early studies of X-ray birefringence in solids, we reported in 2014 an experimental set-up that allows
spatially resolved measurements of X-ray birefringence to be carried out in "imaging mode". In many respects, this
technique (called X-ray Birefringence Imaging) is the X-ray analogue of the polarizing optical microscope. The
lecture will describe several applications of this technique, demonstrating the utility of X-ray Birefringence Imaging
for characterizing changes in molecular orientations associated with solid-state phase transitions, determining the
size and spatial distribution of domain structures in materials, and establishing molecular orientational ordering in
anisotropic materials, including liquid crystals.



KNO3 | SOLAR SYSTEM SECRETS HIDDEN IN QUASICRYSTALS

Bindi, Luca (University of Florence, Firenze, ITA)

Quasicrystals are solids whose diffraction patterns are composed of diffraction peaks, like periodic crystals, but
with symmetries forbidden to crystals. Natural quasicrystals (icosahedral and decagonal) were discovered a decade
ago. The search took more than a dozen years and has opened a new frontier in mineralogy that could lead to new
discoveries in geoscience, astronomy, condensed matter physics, and materials engineering. For the first time,
minerals have been discovered that violate the symmetry restrictions of conventional crystallography. That nature
could accomplish this without human intervention was unexpected, requiring the existence of petrological
processes never considered previously. The fact that the quasicrystals were found in a meteorite formed in the
earliest moments of the solar system means these processes have been active for over 4.5 billion years and
influenced the mineral composition of the first objects to condense around the Sun. Finding quasicrystals formed
in these extreme environments informs the longstanding debate about the stability and robustness of quasicrystals
among condensed matter physicists. Recent shock experiments, with starting materials similar to the intermetallic
alloys in the meteorite hosting the quasicrystals, lend support to the hypothesis that the extra-terrestrial
quasicrystals formed as a result of hypervelocity impacts among objects in the early Solar system. Finally, the
discovery inspired further searches for quasicrystals and other new forms of matter not seen in the laboratory
previously which may provide valuable new materials for physics and engineering. This culminated in the discovery
of an icosahedral phase with a composition not predicted before in laboratory experiments.



KNO4 | METAL-ORGANIC FRAMEWORKS AS CHEMICAL REACTORS: X-RAY
CRYSTALLOGRAPHIC SNAPSHOTS OF THE CONFINED STATE

Armentano, Donatella (Universita della Calabria, Rende, ITA); Pardo, Emilio (Universitat de Valéncia, ESP); Leyva—Pérez, Antonio
(Instituto de Tecnologia Quimica (UPV—-CSIC), ESP)

Ultrasmall metal nanoclusters (NCs), consisting of aggregations of less than 10 atoms with a high percentage of
them exposed to the external environment, have emerged as formidable catalysts capable to surpass the state-of-
the-art catalysts in organic reactions of industrial interest, being thus capable to make feasible certain reactions
which are currently financially prohibitive.[1] Such small NCs, that may give rise to a technological leap in a similar
way as the irruption of metal nanoparticles (NPs) did, still show important weaknesses regarding the synthetic
control of their shape and nuclearity as well as their lack of stability.[2] Metal-Organic Frameworks (MOFs) [3]
show unique features to act as chemical nanoreactors for the in-situ synthesis and stabilization of otherwise not
accessible functional species and to use single crystal X-ray crystallography as a definitive characterization tool,
which offers the unique possibility —among porous materials— to contrast the success of synthetic methodologies,
and even more important, to follow/understand what is actually happening within MOFs channels. Supporting
these clusters within MOFs is a very promising strategy. MOFs own regular and well-defined channels and exhibit
fascinating host-guest chemistry. [3] In principle, they are suitable platforms to synthesize, in a controlled manner,
metal clusters below the nanometre allowing to gain information about their nature by means of X-ray
crystallography, to shed light on every single step during their synthetic route.[4] Even Supramolecular
Coordination Compounds (SCCs) with targeted properties can be self-assembled and stabilized within a MOF.

Here we report on the MOF-mediated chemical synthesis of structurally and electronically well-defined ultrasmall
Pt2, Ptl1+1, Fe”', Ru" and [Pd4]2+ catalysts, together with Pdll SCCs built within the confined space of preformed
MOFs (SCCs@MOF) and their post-assembly metalation to give a Pd"-Au"
crystallographically underpinned. [5] These results open new avenues in both the synthesis of novel NCs and SCCs

supramolecular assembly, all

and their use on heterogeneous metal-based Supramolecular Catalysis. Reactions in which the resulting hybrid
materials outperform state—of-the—art metal catalysts will be illustrated.

References:

[1] (a) Corma A. et al., Nat. Chem. 2013, 5, 775-781; (b) Liu, L.; Corma, A. Chem. Rev. 2018, 118, 4981-5079.

[2] Lei Y. et al., Science 2010, 328, 224-228.

[3] O’'Keeffe, M.; Yaghi O. M. et al., Science 2013, 341, 974. (b) Férey, G. et al., Chem. Soc. Rev. 2017, 46, 3104—
3107; (c) Zhou, H.-C. et al., Adv. Mater. 2018, 1704303.

[4] (a) Corma, A.; Leyva-Perez, A; . Armentano, D.;Pardo E. et al., Nat. Mater. 2017, 16, 760; (b) A. Leyva-Perez, D.
Armentano, E. Pardo et al., J. Am. Chem. Soc. 2016, 138, 7864—7867.; (c) D. Armentano, E. Pardo et al., Angew.
Chem., Int. Ed. 2016, 55, 11167-11172; (d) Farha, O. K. et al., Science 2017, 356, 624—627; (e) Sumby, C. J,;
Doonan, C. J. et al., Angew. Chem. Int. Ed., 2017, 129, 8532-8536;

[5] (a) Leyva-Pérez, A.; Corma, A.; Armentano, D.; Pardo, E. J. et al., Angew. Chem. Int. Ed., 2018, 57, 6186-6191;
(b) Leyva-Pérez, A.; Armentano, D.; Pardo, E. J. et al., Angew. Chem. Int. Ed. 2018, 57, 17094 —17099; (c) Leyva-
Pérez, A.; Armentano, D.; Pardo, E. J. et al., J. Am. Chem. Soc. 2018, 140, 8827-8832; (d) Leyva-Pérez, A,;
Fernandez, A.; Armentano, D.; Pardo, E.; Ferrando-Soria, J. et al., J. Am. Chem. Soc. 2019,
doi:10.1021/jacs.9b03914.
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KNO5 | 40 Years OF Ccr4: WHERE WE ARE, HOw WE GOoT HERE AND WHERE WE ARE

GOING

Noble, Martin (Newcastle University, Newcastle Upon Tyne, GBR); Wilson, Keith (York University, York, GBR); Dodson, Eleanor
(York University, York, GBR); Krissinel, Eugene (Science & Technology Facilties Council, Didcot, Oxfordshire, GBR)

Collaborative Computational Project 4 (CCP4) was founded in 1979 with the aim of supporting computational
macromolecular crystallography (MX) by promoting communication among developers, sharing algorithms as they
were implemented, and promoting interoperability of software and data. From modest beginnings, CCP4
has contributed hugely to the growth and maturation of MX, enabling this discipline to obtain a central role in the
investigation of mechanistic cell biology and in the exploitation of scientific insights in biotechnological and
pharmaceutical applications. This talk will review some of the history of CCP4, and describe the current status and
ambitions of the project as it continues to address important challenges during its fifth decade of activity.
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KNO6 | CRYSTAL PHASE CONTROL IN NANOSTRUCTURES As A PLATFORM FOR ATOMIC

SCALE TAILORING OF ELECTRONIC, OPTICAL AND CHEMICAL PROPERTIES.
Mikkelsen, Anders (Lund University, Lund, SWE)

The IlI-V nanowire (NW) technology platform has reached a level of advancement that allows atomic scale control
of crystal structure and surface morphology as well as flexible device integration. In particular, controlled axial
stacking of Wurtzite (Wz) and Zincblende (Zb) crystal phases is uniquely possible in the NWs. We explore how this
can be used to locally control electronic, optical, and chemical properties with atomic scale precision opening up
for 1D, 2D and 3D structures with designed functionality for novel electronic, photonic and quantum technologies.
To do this, we use atomically resolved Scanning Tunnelling Microscopy/Spectroscopy (STM/S), femtosecond Photo
Emission Electron Microscopy (PEEM) and X-ray diffraction imaging techniques to study both individual nanowires
as well as specially designed functioning nanoscale devices.

We measure local density of states of Zb crystal segments in Wz down to single atomic scale crystal lattice change
and find that the "bulk" electronic structure is preserved locally in even the smallest possible segments. We
demonstrate a novel device platform allowing true observation of single atom changes across a IlI-V NW device
simultaneously with full electrical operation. We explore the surface alloying of Sb and Bi into GaAs NWs with
controlled axial stacking of Wz and Zb crystal phases demonstrating a simple processing-free route to
compositional control of 1D an 2D materials at the monolayer level on the NWs. We investigate local hot electron
dynamic response and control down to a few femtoseconds temporally and a few tens of nanometre spatially
using the Wz and Zb crystal phases.
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KNO7 | CHEMISTRY AND CRYSTALLOGRAPHY AT ULTRA-HIGH PRESSURES
Bykova, Elena (Bayerisches Geoinstitut, Bayreuth, GER)

Many scientific disciplines including geophysics, geochemistry, mineralogy, material sciences and engineering are
interested in study of materials exposed to extreme conditions as high pressures and high temperatures (HPHT).
External stimuli can trigger structural, electronic and magnetic changes in a matter; chemical reactions conducted
at HPHT can demonstrate unexpected behavior totally different from that at ambient conditions. However, the
analysis and interpretation of the data collected at multimegabar pressures, especially after/during laser heating,
is extremely difficult due to unknown (and often very exotic, not known at ambient conditions) chemistry of the
materials. Single-crystal X-ray diffraction in diamond anvil cells provides a unique opportunity to study in-situ such
important characteristic of a material as its crystal structure (unit cell parameters, a space group, atomic
coordinates and atomic occupancies), and, if required, a phase composition. Here we demonstrate a great
potential and novel opportunities provided by high-pressure crystallography in materials- and geo-sciences on the
example of studies of iron oxides, silica and carbonates.
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KNOS8 | DIFFUSE SCATTERING - PAST, PRESENT AND FUTURE.
Welberry, Richard (Australian National University, Canberra, AUS)

Whereas analysis of Bragg peaks provides information about the average crystal structure (atomic coordinates,
site-occupancies, or mean-square atomic displacements — single site properties), diffuse scattering contains
information about how pairs of atoms behave and is thus potentially rich source of information on how atoms and
molecules interact. Crystallographers have been aware of diffuse scattering since the earliest times, but
development of techniques for recording and analysing it have lagged well behind the advances made in
conventional crystallography.

A major impediment to the utilisation of this rich source of information is the diversity and often complex
combination of disorder effects that arise in nature and the fact that until recently no one simple method of
analysis has been available which can usefully deal with all of them. In this talk we show how computer simulation
of a model crystal does provide such a general method by which diffuse scattering of all kinds and from all types of
materials can be interpreted and analysed. Such methods have only been feasible since the advent of powerful
and relatively inexpensive computers.

To trace these developments examples of different real materials are discussed. For organic systems the goal has
been to move toward a truly quantitative solution where a pixel-by-pixel comparison between observed and
calculated intensities gives agreement factors comparable to those achieved for Bragg intensities. For inorganic
systems such as the ferroelectrics PZN and PMN there has been a move towards constructing atomistic potentials
that allow diffuse scattering to be calculated a priori.
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KNO9 | FERTILIZATION AT THE ATOMIC LEVEL - MARRYING BASIC SCIENCE AND
REPRODUCTIVE MEDICINE

Jovine, Luca (Karolinska Institute, SWE)

Mammalian fertilization begins with the attachment of sperm to the zona pellucida (ZP), a specialized extracellular
matrix that completely surrounds the egg and is essential for reproductive success in vivo. Despite the crucial role
of the recognition between gametes and the fact that infertility affects more than 50 million couples worldwide,
no mutations were until recently identified in the human genes that encode known egg-sperm interaction
molecules. This paradoxical situation, which reflected the difficulty of genetically mapping mutations that are
clinically silent in heterozygosis but cause sterility when homozygous, has now started to change as a result of the
increasing availability of individual exome sequencing. Surprisingly however, the majority of infertility-associated
mutations found in egg coat protein genes do not affect major ZP subunits ZP2 or ZP3, which are thought to
interact with sperm, but rather ZP1, a minor glycoprotein component that covalently cross-links egg coat filaments
into a three-dimensional matrix [1].

In my talk, | will describe a study [2] that started from the characterization of a ZP1 protein carrying a truncating
mutation from infertile patients [3]. The analysis of this mutant unexpectedly suggested that, unlike in the mouse
[4], filament cross-linking by ZP1 is crucial to form a stable ZP in human. Based on this finding, we mapped the
function of ZP1 to its N-terminal ZP-N domain (ZP-N1) — an element also found in ZP2 (where it binds sperm) [5,6]
as well as ZP4, a structurally-related egg coat component that is absent in the mouse [7]. We then determined
crystal structures of ZP-N1 homodimers from a chicken homolog of the protein in different glycosylation states.
These revealed that ZP filament cross-linking is highly plastic and can be modulated by ZP1 fucosylation and,
potentially, zinc sparks. Moreover, we found that ZP4 ZP-N1 forms non-covalent homodimers in chicken but not
human — explaining why ZP4 cannot functionally substitute for ZP1 in infertile patients. Together, these data
identify human ZP1 cross-links as a promising target for non-hormonal contraception; at the same time, our work
highlights the potential of structural biology as a tool to address key questions in reproductive medicine.

[1] Greve, J.M. and Wassarman, P.M. Mouse egg extracellular coat is a matrix of interconnected filaments
possessing a structural repeat. J. Mol. Biol. 181, 253-264 (1985).

[2] Nishimura K., Dioguardi E., Nishio S., Villa A., Han L., Matsuda T. and Jovine L. Molecular basis of egg coat cross-
linking sheds light on ZP1-associated female infertility. Nat. Commun. in press (2019).

[3] Huang, H.-L,, Lv C., Zhao Y.C., Li W., He X.M,, Li P., Sha A.G., Tian X., Papasian C.J., Deng H.W., Lu G.X. and Xiao
H.M. Mutant ZP1 in familial infertility. N. Engl. J. Med. 370, 1220-1226 (2014).

[4] Rankin T., Talbot P., Lee E. and Dean J. Abnormal zonae pellucidae in mice lacking ZP1 result in early embryonic
loss. Development 126, 3847—-3855 (1999).

[5] Raj I., Sadat Al Hosseini H., Dioguardi E., Nishimura K., Han L., Villa A., de Sanctis D. and Jovine L. Structural
basis of egg coat-sperm recognition at fertilization. Cell 169, 1315-1326.e17 (2017).

[6] Avella M.A., Baibakov B. and Dean, J. A single domain of the ZP2 zona pellucida protein mediates gamete
recognition in mice and humans. J. Cell Biol. 205, 801-809 (2014).

[7] Conner S.J., Lefievre L., Hughes D.C. and Barratt C.L.R. Cracking the egg: increased complexity in the zona
pellucida. Hum. Reprod. 20, 1148-1152 (2005).
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KN10 | ONE MILLION STRUCTURES AND COUNTING: THE JOURNEY, THE INSIGHTS, AND THE

FUTURE OF THE CAMBRIDGE STRUCTURAL DATABASE
Ward, Suzanna (The Cambridge Crystallographic Data Centre, Cambridge, GBR)

This year marks a huge milestone in structural chemistry — the sharing of one million organic and metal-organic
crystal structures. The creation of the Cambridge Structural Database (CSD) to collate and distribute these
structures is truly a worldwide effort, with the CCDC curating and enhancing data from hundreds of thousands of
crystallographers.

The beginnings of the CSD can be traced back to 1965 with J.D. Bernal and Olga Kennard, who had the vision and
foresight to understand that the collective use of data would lead to the discovery of new knowledge. Their vision
has certainly come to fruition today. Both the structures and the database itself have evolved significantly since
then, as has its value to scientists worldwide.

Major advances in technology, new structure solution methods, extraordinary developments in computing, and
significant advancements in chemistry have all had a dramatic effect on how the CSD has evolved. The growing
size, complexity and diversity of the database coupled with the development of new ways to search and analyse
the CSD has meant that new insights have been possible, and the data can be used in ways that would once have
been unimaginable. This presentation will take a journey through the CSD, highlighting significant milestones in the
development of the database and the science that it has enabled. It will conclude by exploring some future
possibilities, how the CSD and the field of crystallography might evolve and asking what role structural data may
play in the future with the sharing and analysis of the next million structures.
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KN11 | ENHANCING THE SUCCESS OF MACROMOLECULAR CRYSTALLIZATION

Chayen, Naomi (Imperial College London, London, GBR)

Obtaining high quality crystals is a pivotal step to facilitate the structure determination of proteins and other
biological macromolecules by X-ray crystallography.

In spite of momentous progress in the miniaturisation, automation and analysis of crystallisation experiments, the
production of useful crystals still presents a major barrier to structure determination [1,2].

There is no ‘magic bullet’ that will guarantee well-diffracting crystals, hence rational approaches leading to the
development of new and improved technologies for obtaining high quality crystals is of crucial importance to
progress.

This talk will present strategies for increasing the chances of success and highlight a variety of practical methods
that resulted in successful crystallization when standard procedures had failed [3-7]. The methods involve active
influence and control of the crystallization environment in order to lead crystal growth to the desired result. Many
of the techniques are automated for adaptation to high throughput mode and several have been patented and
commercialised.

[1] Chayen and Saridakis (2008) Nature Methods 5, 147-153.

[2] Chayen, Helliwell and Snell Macromolecular Crystallization and Crystal Perfection, Oxford Univ. Press, Oxford,
UK (2010).

[3] Saridakis et al. (2011) Proc. Natl. Acad. Sci. U.S.A. 108, 11081-11086.

[4] Khurshid et al. (2014) Nature Protocols 9,Pages: 1621-1633.

[5] Govada et al. (2016) Scientific Reports Nature Publishing Group 6:20053.

[6] Nanev et al. (2017) Scientific Reports Nature Publishing Group 7:35821.

[7] Govada and Chayen (2019) Crystals 9(2), 106.
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KN12 | AppLICATION To E-PRECESSION IN TRANSMISSION ELECTRON MICROSCOPE: PHASE

AND ORIENTATION MAP
Véron, Muriel (Grenoble Institute of Technology, FRA)
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KN13 | MesoPHASE MIRABILIS. THE LiPID CuBIC PHASE As A SYSTEM FOR INVESTIGATING

MEMBRANE PROTEINS
Caffrey, Martin (Trinity College Dublin, Dublin 4)

Membrane Structural and Functional Biology Group, School of Medicine and School of Biochemistry and
Immunology, Trinity Biomedical Sciences Institute, Trinity College Dublin, Dublin 2, Ireland.

The lipid cubic phase (in meso) method for crystallizing membrane proteins has to its credit close to 700 structure
records in the Protein Data Bank. Progress in applying the method reflects innovations that relate to protein
enrichment, direct biophysical and biochemical characterization and refolding in the mesophase and in situ data
collection at X-ray synchrotrons and free electron lasers using microcrystals. These varied methods will be
reviewed and examples will be provided where they have contributed to the determination of high-resolution
crystal structures of membrane integral enzymes, receptors, transporters and carriers with insights into
mechanism of action and the prospect of drug discovery.

Funded in part by Science Foundation Ireland.

18



KN14 | CAPTURING FUNCTIONAL NANOSTRUCTURES AND THEIR INTERFACES WITH

NEUTRON TOTAL SCATTERING
Page, Katharine (Oak Ridge National Laboratory / University of Tenneessee, Knoxville, Oak Ridge, USA)

It is widely recognized in catalysis, fuel cell and battery chemistry, bio- and geochemical processes, and a host of
additional functional materials areas that unique properties and characteristics are governed by intricate
structural-chemical relationships. Uncovering the identity and role of locally ordered motifs, including those of
surface species and interfaces, remains a challenge because experimental tools to observe materials at atomic
length-scales, in relevant operating conditions, or within sufficiently fine time scales are limited. We present our
efforts to apply and extend neutron total scattering and related probes towards capturing the interplay of crystal
chemistry and functionality in nano- and nanostructured materials. Examples include: (1) exploration of internal
dipole-dipole ordering in ferroelectric nanocrystals, demonstrating the enhancing effects of cubic particle shape
and polar surface termination; (2) investigation of layered manganese oxide structures, where interlayer water
molecules, hydrogen bonding, and the nature of vacancies/intercalants strongly impact catalytically and
electrochemically active variants; and (3) demonstrated abilities to probe the structure and dynamics of gas-solid
interfaces in catalytic materials, where the signatures of interfacial species are enhanced through neutron isotope
contrast techniques. These examples improve understanding of technologically and geologically significant
materials and highlight a broader theme of our research aimed at extracting crystal structure models from
experimental data with the detail needed to guide and validate modern nanoscale theories, and design new and
improved functional materials. Current challenges and future opportunities in this arena will be discussed.
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KN15 | CHANGING TIMES IN STRUCTURAL VIROLOGY
Stuart, Dave (University of Oxford, Old Road Campus, GBR)
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KN16 | UNUSUAL MAGNETIC ORDERINGS FROM THE INTERPLAY OF TRIANGULAR TOPOLOGY
AND MAGNETIC ANISOTROPY

Damay, Frangoise (Laboratoire Léon brillouin, Gif sur Yvette Cedex, FRA)

Stackings of perfect triangular planes of transition metal ions offer a vast playground when looking for complex
magnetic orderings, as geometrically induced frustration of antiferromagnetic exchanges leads to non-collinear
magnetic structures; moreover, in the case of strong easy-axis magnetic anisotropy, magneto-elastic effects are
often at play to lift the degeneracy of the magnetic ground state and allow the system to order. Several examples
will be given, in which magnetic exchanges and/or magnetic anisotropy are tuned, to achieve multiferroic
properties in particular, or to investigate more theoretical aspects of condensed matter, such as the well-known
Transverse Field Ising Model. Those examples also illustrate the invaluable technique that is neutron scattering,
both elastic and inelastic, especially when combined with the modelling tools that are available today.
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MSO01: Serial Approaches in Crystallography

MS01-01 | ELuciDATION OF No REDUCTION MECHANISM IN SoLuBLE NO REDUCTASE BY

TiME-RESOLVED CRYSTALLOGRAPHY WITH PHOTOSENSITIVE CAGED COMPOUND

Tosha, Takehiko ; Nomura, Takashi (University of Hyogo, Akoh, JPN); Sugimoto, Hiroshi ; Shiro, Yoshitsugu (University of Hyogo,
Akoh, JPN); Kubo, Minoru (University of Hyogo, Akoh, JPN)

Structural determinations of reaction intermediates in metalloenzyme-catalyzed reactions are great challenge in
structural biology and very useful for understanding chemistry in metalloenzymes. Recently developed technique
called serial femtosecond X-ray crystallography (SFX), in which micro-crystals are continuously supplied to the X-
ray irradiation spot, using an X-ray free electron laser facility, SACLA, enabled time-resolved X-ray crystallography
(TR-SFX). Since the X-ray laser from SACLA is a ~10 fs pulse, it is possible to carry out a pump-probe type
experiment. Here, we applied this method for the observation of enzymatic reaction using photosensitive caged-
compound. We utilized a heme-containing enzyme, P450nor, which catalyzes a following reaction; 2NO + NADH +
H*=>N,O + H,0 + NAD'. Photosensitive caged-NO which release two equivalent of NO upon UV irradiation was
utilized as a trigger and NO source for the P450nor reaction. We performed TR-SFX at SACLA, and obtained an
intermediate structure, substrate NO-bound form, at 20 ms after the UV illumination®. Current results suggest that
TR-SFX with photosensitive caged compound is promising approach for the characterization of the reactions
catalyzed by metalloenzymes. In the presentation, characterization of next process of the P450nor-catalyzed
reaction will be shown.

[1] Capturing an initial intermediate during the P450nor enzymatic reaction using time-resolved XFEL
crystallography and caged substrate. T. Tosha et al., Nat. Commun. 2017, 8, 1585.



MS01-02 | A TALE OF TWO SOURCES: SERIAL CRYSTALLOGRAPHY AT SYNCHROTRONS AND

XFELS
Owen, Robin (Diamond Light Source, Didcot, GBR)

It was the best of times, it was the worst of times, it was the age of wisdom, it was the age of foolishness, it was
the epoch of belief, it was the epoch of incredulity, it was the season of Light, it was the season of Darkness, it was
the spring of hope, it was the winter of despair, we had everything before us, we had nothing before us, we were
all going direct to Heaven, we were all going direct the other way—in short, the period was so far like the present
period, that some of its noisiest authorities insisted on its being received, for good or for evil, in the superlative
degree of comparison only. [1]

There are synchrotrons with a continuous wave available to many; XFELs with a pulsed wave available to few. At
both sources it is clear that things in general are settled for ever. Developments at each source can, however,
complement and advance experiments at the other. The need for serial delivery at XFELs has driven the emergence
of serial synchrotron crystallography for example, while synchrotrons can provide lessons in reducing sample
consumption and increasing throughput.

I will describe fixed target serial delivery methods developed and implemented at SACLA and DIAMOND,
illustrating the gains that can be realised using a multi-source approach, through its application to identification
and tracking of low-dose radiation driven effects in metalloproteins and high-throughput ligand binding studies.

[1] Dickens, C. (1859)



MS01-03 | Swissmx: A NEw, VERSATILE INSTRUMENT FOR FIXED TARGET FEMTOSECOND
MACROMOLECULAR CRYSTALLOGRAPHY AT SWISSFEL

Martiel, Isabelle; Pradervand, Claude; Panepucci, Ezequiel; Zamofing, Thierry; Nass, Karol; Marsh, May; Vera, Laura; Huang,
Chia-Yin; Olieric, Vincent; Buntschu, Domini); Gobbo, Alexandre; Kaelin, Rober); Thominet, Vincen); Leonarski, Fil); Hora, Jan;
Glettig, Wayn); Lemke, Henri; Mozzanic); Redford, Sophi); Schmitt, Bern); Bunk, Oliv); Abela, Rafael; Wang, Meitian; Pedrini, Bill
(Paul Scherrer Institute, Villigen, CH)

The SwissMX instrument for fixed target macromolecular crystallography (MX) provides robust and efficient data
collection of challenging samples, in particular thanks to arbitrarily defined motions for prelocated sample
supports. SwissMX consists of a fast and precise scanning stage enclosed in a chamber, and a high-throughput
sample changer. Both cryogenic and room temperature data collection are possible. We summarize here the
current and up-coming capabilities of the SwissMX instrument, based on examples from the commissioning phase
at SwissFEL.



MS01-04 | ULTRA-FAST RASTER-SCANNING SYNCHROTRON SERIAL MICRO-

CRYSTALLOGRAPHY

Fuchs, Martin R. (National Synchrotron Light Source II, Upton, USA); Shi, Wuxian (National Synchrotron Light Source Il, Upton,
USA); Gao, Yuan (National Synchrotron Light Source Il, Upton, USA); Andi, Babak (National Synchrotron Light Source I, Upton,
USA); Jakoncic, Jean (National Synchrotron Light Source I, Upton, USA); Lazo, Edwin O. (National Synchrotron Light Source I,
Upton, USA); Soares, Alexei (National Synchrotron Light Source Il, Upton, USA); Myers, Stuart F. (National Synchrotron Light
Source I, Upton, USA); Skinner, John (National Synchrotron Light Source Il, Upton, USA); Liu, Qun (National Synchrotron Light
Source Il, Upton, USA); Bernstein, Herbert (School of Natural Science, Amherst, MA, USA); Nazaretski, Evgeny (National
Synchrotron Light Source Il, Upton, USA); McSweeney, Sean (National Synchrotron Light Source Il, Upton, USA)

In recent years, serial micro-crystallography at synchrotrons has seen increases in beamline brightness and new
sample delivery methods, greatly widening its appeal to structure determination of challenging proteins. The
crystallography beamlines at National Synchrotron Light Source-Il [1] provide beams of unprecedented brightness,
stability and versatility. The Frontier MX-beamline, FMX, delivers 3.5x1012ph/s at 1A into a 1x1.5um focus. Its flux
density surpasses current MX-beamlines by up to two orders of magnitude, with dose rates >500MGy/s.

The high dose rates cut measurement times for raster-scanning serial crystallography from hours to under a
minute. To harness this new dose rate regime, we built the FastForward Goniometer, a high-speed goniometer
with a unique XYZ piezo-positioner [2]. We obtained datasets up to the Eiger16M’s maximum frame rate of 750Hz,
with a shutter-open time under 20s [3]. Collecting rotation images, using a cluster analysis processing pipeline,
required fewer crystals than still image measurements. Micro-patterned sample holders minimize background-
scattering, enabling S-SAD phasing from 5um crystals [3]. The high speed allows scanning any crystal distribution,
to avoid loading crystals into a fixed-raster grid.

Complementing this for LCP-grown crystals, we established serial crystallography with a high-viscosity extrusion
injector in a collaboration with Arizona State University [4].

This flexible sample delivery allows tailoring the experiment to a wide array of crystals — adding serial
crystallography to the standard repertoire of the synchrotron MX community.

[1] Fuchs et al., AIP Conf Proc 2016

[2] Gao et al., JSR 2018

[3] Guo et al., IUCrJ 2019

[4] Weierstall et al., Nat Commun 2014



MSO01-05 | MEASURING THE DOSE: PHOTOELECTRON ESCAPE IN MICRO-CRYSTALS

Storm, Selina (Diamond Light Source, Didcot, GBR); Crawshaw, Adam (Diamond Light Source, Didcot, GBR); Devenish, Nicholas
(Diamond Light Source, Didcot, GBR); Bolton, Rachel (University of Southampton, Southampton, GBR); Tews, Ivo (University of
Southampton, Southampton, GBR); Evans, Gwyndaf (Diamond Light Source, Didcot, GBR)

With the trend of using microcrystals and intense microbeams, radiation damage becomes a more pressing
problem. Theoretical calculations by Nave and Hill [1] show that the photoelectrons that primarily cause damage
can escape very small crystals, reducing the effective dose, an effect which was demonstrated to be pronounced at
higher energies [2].

To investigate photoelectronic escape, we measured radiation damage at cryo-temperatures on lysozyme crystals
of 5um and 20um mounted on a cryo-EM grid. The data were collected at 13.5 keV and 20.1 keV using a 2M CdTe
Pilatus and were analysed with DIALS [3] and RADDOSE3D [4]. Our data indicate a longer crystal lifetime for
smaller crystals and support the theory of photoelectron escape.

[1] Nave & Hill, (2005), J. Synchrotron Rad. 12, 299-303
[2] Sanishvili et al. (2011), PNAS 108(15), 6127-6132
[3] Winter et al. (2018), Acta Cryst. D74, 85-97

[4] Zeldin et al. (2013), J. Appl. Cryst. 46, 1225-1230



MSO01-P01 | DATA ANALYSIS INFRASTRUCTURE FOR SERIAL CRYSTALLOGRAPHY
EXPERIMENTS AT THE EUXFEL

Dall'Antonia, Fabio; Beg, Marijan; Bergemann, Martin; Bielecki, Johan; Bondar, Valerii; Carinan, Cammille; Costa Junior, Raul;
Danilevski, Cyril; Ehsan, Wajid; Esenov, Sergey; Fabbri, Riccardo; Flucke, Gero; Fulla-Marsa, Daniel; Giovanetti, Gabriele; Gories,
Dennis; Hickin, David; Jarosiewicz, Tobiasz; Kamil, Ebad; Kirienko, Yury; Kirkwood, Henry; Klimovskaia, Anna; Kluyver, Thomas;
Mamchyk, Denys; Michelat, Thomas; Mohacsi, Istvan; Parenti, Andrea; Rosca, Robert; Rick, Denivy; Santos, Hugo; Schaffer,
Robert; Silenzi, Alessandro; Spirzewski, Michal; Trojanowski, Sebastian; Youngman, Christopher; Zhu, Jun; Mancuso, Adrian P.;
Fangohr, Hans; Brockhauser, Sandor: European XFEL GmbH, Schenefeld, GER

Data analysis applications for serial crystallography and single-particle imaging experiments at the European X-ray Free Electron
Laser (EUXFEL) instrument SPB/SFX [1] range from near real-time data processing for experimental optimisation to
computationally intensive offline analysis on stored data long after the experiment. Online analysis tasks for providing fast
feedback during experiments are integrated into the EuXFEL-distributed control software Karabo [2]. Alternatively, user groups
can connect their own processing tools to the Karabo-Bridge, a client software that provides a network interface to the data
streams. Currently a C™* and a Python API are available.

For offline analysis, we provide the Karabo-Data Python package [3] to help users working with the experimental
data stored at EuXFEL. It provides routine analysis capabilities and data file conversion to be compatible with the
most common analysis tools applied within the serial crystallography community.

Another field of active development is the implementation and integration of semi-automated high-performance
computing crystallography pipelines to support user groups with computationally intensive offline data analysis
tasks. We also aim at providing a full set of standard data analysis “sandbox” tools with example datasets and
Jupyter notebooks to combine documentation and tutorials for less experienced users.

We present an overview of the available tools and interfaces with a selection of use-cases for online and offline
data processing.

[1] A. P. Mancuso et al. (2019), J. Synchrotron Rad. 26:3, 1-17.
[2] B. Heisen et al. (2013), Proc. ICALEPCS2013, 1465-8.
[3] H. Fangohr et al. (2018), Proc. ICALEPCS2017, 245-52.



MSO01-P02 | TREXX: A NEW ENDSTATION FOR SERIAL TIME-RESOLVED CRYSTALLOGRAPHY AT
PETRA-III

von Stetten, David (EMBL, Hamburg, GER); Agthe, Michael (Universitit Hamburg, 22607, GER); Bourenkov, Gleb (EMBL,
Hamburg, GER); Polikarpov, Maxim (EMBL, Hamburg, GER); Horrell, Sam (Universitdt Hamburg, Hamburg, GER); Yorke, Briony
(University of Leeds, Leeds, GBR); Beddard, Godfrey S. (University of Edinburgh, Edinburgh, GBR); Nikolova, Marina (EMBL,
Hamburg, GER); Karpics, Ivars (EMBL, Hamburg, GER); Gehrmann, Thomas (EMBL, Hamburg, GER); Meyer, Jochen (EMBL,
Hamburg, GER); Ristau, Uwe (EMBL, Hamburg, GER); Fiedler, Stefan (EMBL, Hamburg, GER); Monteiro, Diana C.F. (Hauptman-
Woodward Medical Research Institute, Buffalo, USA); Trebbin, Martin (University at Buffalo, Buffalo, USA); Mehrabi, Pedram
(Max Planck Institute for Structure and Dynamics of Matter, Hamburg, GER); Schulz, Eike (Max Planck Institute for Structure and
Dynamics of Matter (MPSD), Hamburg, GER); Tellkamp, Friedjof (Max Planck Institute for Structure and Dynamics of Matter,
Hamburg, GER); Miller, R. J. Dwayne (Max Planck Institute for the Structure and Dynamics of Matter, Hamburg, GER); Huse, Nils
(Universitat Hamburg, Hamburg, GER); Pearson, Arwen R. (Universitat Hamburg, Hamburg, GER); Schneider, Thomas R. (EMBL,
Hamburg, GER)

The EMBL operates two beamlines (P13 and P14) for macromolecular crystallography at the PETRA-III synchrotron
in Hamburg. In addition, a new endstation (P14-2, TREX) for serial time-resolved crystallography has been in
operation in a second hutch at the far end of P14 since October 2018. For this endstation, the P14 X-ray beam is
refocussed with a compound refractive lens (CRL) transfocator to provide a 15x10 um beam with a flux of about
2e12 photons/s at 12.7 keV. In order to be able to accommodate different microcrystal sample delivery systems
suitable for serial crystallography, P14-2 is not equipped with a goniometer, but instead with a basic beam
conditioning unit (BCU) that provides an on-axis viewer, beam shaping apertures, a fully motorized beamstop, and
a scintillator for visualisation of the X-ray beam. For time-resolved pump/probe experiments, a laser system (355
and 532 nm) for initiating reactions is built into the setup, such that the laser and X-ray beams are almost parallel
at the sample position, which facilitates alignment of the beams using the on-axis viewer. First experiments have
yielded promising results using patterned chips as well as microfluidic flow cells. To be able to reach sub-
millisecond timescales in time-resolved experiments, the Hadamard technique [1] will be employed in the future,
either by gating the detector or alternatively by modulating the X-ray beam.

[1] Song BH et al., ] Mater Chem A, 2015



MS01-P03 | MiIcROMAX - NEW POSSIBILITIES FOR SERIAL CRYSTALLOGRAPHY

Ursby, Thomas (MAX IV Laboratory, Lund University, Lund, SWE); Milas, Mirko (MAX IV Laboratory, Lund University, Lund,
SWE); Mueller, Uwe (MAX IV Laboratory, Lund University, Lund, SWE)

The beamline MicroMAX that will be in user operation in 2022 will provide unique possibilities to use serial
crystallography methods to study macromolecular structures. The foreseen main applications are studies of
microcrystals, structures at room temperature and with time-resolved techniques. This will in most cases imply
using multicrystal data collections with different serial approaches. The X-ray beam will be variable in size from 1
micrometer and up and will have 10" photons/second in monochromatic mode and up to 10" photons/second
using a wider energy bandpass mode. The beamline will cover the energy range 5 - 20 keV with a more limited
energy range for the wider energy bandpass. The experiment setup will be flexible offering different sample
delivery methods. The beamline will have two experiment hutches of which one can be used independently for
preparing experiments while the other is used for data collections. Initially one hutch will be commissioned. The
beamline will also include instrumentation for oscillation data collection of single crystals with automatic sample
exchange. There will be an additional laboratory for working with different sample environments and a laboratory
for sample preparation. Additional infrastructures including a bio-laboratory and resources for data handling and
analysis are shared with other beamlines. The MAX IV Laboratory 3 GeV storage ring is the first multi-bend
achromat ring in operation with already one macromolecular crystallography beamline, BioMAX, in operation.
Different serial crystallography methods are already used at BioMAX.



MS01-P04 | METALJET SOURCE ENABLING ADVANCED PROTEIN CRYSTALLOGRAPHY
Espes, Emil (Excillum AB, KISTA, SWE); Hallstedt, Julius (Excillum AB, Kista, SWE)

X-ray diffraction data from protein and bio crystals are typically of a much lower resolution and quality compared
to measurements in chemical crystallography. This is mainly due to large molecules, poor crystalline quality in
combination with very light atoms embedded in large amount of water. At the same time, unit cell size is
extremely large and thus the Bragg reflections are very closely packed together. Protein crystallographers must
rely on the strongest X-ray sources to combat the issues of air sensitivity, small crystals, weakly diffracting and
densely packed reflections. Traditionally, a high brilliance synchrotron has been used to measure full protein data
leading for structure determination, whilst home laboratory instruments have been used only for protein
screening to identify the preferred crystals for measurement at the synchrotron. High brightness X-ray compact
sources, such as the Metallet have not only improved crystal screening but also made it possible to obtain
publishable data from extremely difficult experiments such as GPCR membrane proteins. In this communication
we will show a number of different examples how the Metallet X-ray source can be a game changer for home
laboratory macro molecular diffraction.
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MSO01-PO5 | SERIAL CRYSTALLOGRAPHY AT THE ESRF EXTREMELY BRILLIANT SOURCE: THE

ID29 UPGRADE PROJECT
de Sanctis, Daniele (ESRF - The European Synchrotron, Grenoble, FRA)

The next generation of storage rings, such as the ESRF Extremely Brilliant Source will be able to produce an
electron beam with a greatly reduced horizontal emittance. This will result in a small source size and a low
divergent X-ray beam that will increase the brilliance by an order of magnitude and will permit to focalise the full
beam on a submicron spot on the sample.

The delivered photon flux density will open new opportunities for serial crystallography experiments at room
temperature and will permit to define new paradigms for data collection methods. Room temperature data
collections and very short exposure time will be used to exploit time-dependant conformational changes that are
relevant for biological mechanisms.

The EBSL8 project consists in the upgrade of the MAD beamline ID29, to become a new facility entirely dedicated
to Serial Synchrotron Crystallography. The end-station will be equipped with a dedicated sample preparation
laboratory and a data processing area.

The beamline is designed to deliver an X-ray beam of unequalled characteristics on different sample delivery
systems and to collect still diffraction images from microcrystals. We will present the design of the new beamline
and the current status of the EBSLS8 project and discuss future plans and new scientific opportunities.

11



MSO01-P06 | BETTER SAUC -- IMPROVING THE IDENTIFICATION OF NEARBY CELLS
Bernstein, Herbert J. (Ronin Institute for Independent Scholarship, Upton, NY, USA)

As we move to faster data collection from very large numbers of small crystals, rapid identification of previously
solved structures that have similar cells can be helpful both in identifying molecular replacement candidates and in
sorting out images that may be suitable for clustering [1][2]. The PDB/COD cell search program SAUC has been
speeded up by use of the new S6 cell metric [3] [4].

[1] V. Ramraj, G. Evans, J. M. Diprose, R. M. Esnouf. "Nearest-cell: a fast and easy tool for locating crystal matches
in the PDB." Acta Cryst. D68:12 (2012): 1697 -- 1700.

[2] K. J. McGill, M. Asadi, M. T. Karakasheva, L. C. Andrews, H. J. Bernstein. "The geometry of Niggli reduction:
SAUC—search of alternative unit cells." J. Appl. Cryst. 47:1 (2014): 360 -- 364.

[3] L. C. Andrews, H. J. Bernstein, N. K. Sauter. "Selling reduction versus Niggli reduction for crystallographic
lattices." Acta Cryst. A75:1 (2019): 115 -- 120.

[4] L. C. Andrews, H. J. Bernstein, N. K. Sauter. "A space for lattice representation and clustering." Acta Cryst. to
appear.
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MSO01-P07 | OPTIMIZED DESIGN FOR NEW SCIENTIFIC OPPORTUNITIES IN MACROMOLECULAR

CRYSTALLOGRAPHY AT THE FUTURE MICROFOCUS XAIRA BEAMLINE

Garriga, Damia (ALBA Synchrotron Light Facility, Cerdanyola del Vallés, ESP); Gonzalez, Nahikari (ALBA Synchrotron Light
Facility, Cerdanyola del Valles, ESP); Colldelram, Carles (ALBA Synchrotron Light Facility, Cerdanyola del Valles, ESP); Sics, Igors
(ALBA Synchrotron Light Facility, Cerdanyola del Valles, ESP); Marcos, Jordi (ALBA Synchrotron Light Facility, Cerdanyola del
Vallés, ESP); Campmany, Josep (ALBA Synchrotron Light Facility, Cerdanyola del Vallés, ESP); Nicolas, Josep (ALBA Synchrotron
Light Facility, Cerdanyola del Vallés, ESP); Juanhuix, Judith (ALBA Synchrotron Light Facility, Cerdanyola del Valles, ESP)

The BLO6-XAIRA microfocus macromolecular crystallography (MX) beamline at the ALBA synchrotron light facility is
foreseen to enter into user operation in 2021 and complies with a long-standing request from the scientific
community. Three main MX scientific cases will be covered by XAIRA. Primarily XAIRA will tackle projects in which
the macromolecular crystals only grow in micrometric sizes, possess a reduced diffracting power or require
complex data collection strategies. To push these experiments the new beamline aims at providing a stable X-ray
beam at 1 A wavelength with a micrometric size (3x1 umz FWHM), focused with plane-elliptical mirrors bent
through Alba in-house Nanobenders and equipped with dynamical figure error correctors. The beam might be
further reduced down to 1x1 p.m2 by limiting the horizontal primary source produced by a prefocusing horizontal
mirror.

The BLO6-XAIRA beamline is also intended to cope with native phasing methods, which exploit the anomalous
scattering of light metals naturally occurring in proteins. To this aim, the beamline will deliver 3 A wavelength (4
keV) photons and the end station will include a helium atmosphere surrounding the sample up to the detector to
reduce the background at the detector.

The new beamline will finally cater fixed-target serial crystallography experiments by providing a flexible sample
environment, which will be operational also in air. To cover the need of high flux to perform these experiments,
the photon wavelength will be selected using a double multilayer pseudo-channel cut monochromator, installed in
addition to the channel-cut Si(111) monochromator.
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MSO01-P08 | DEVELOPMENT OF SERIAL MILLISECOND CRYSTALLOGRAPHY AT BIOMAX

BEAMLINE
Shilova, Anastasiia (MAXIV, Lund, SWE); Nan, Jie (MAXIV, Lund, SWE); Mueller, Uwe (MAXIV, Lund, SWE)

With the advent of X-ray free electron laser sources (XFELs), serial crystallography - a new method of data
collection where thousands of crystals are delivered to the beam and exposed in random orientation at room
temperature - was developed. During last years, serial crystallography was successfully implemented at
synchrotron radiation sources (serial synchrotron crystallography-SSX) using a variety of sample presentation
procedures. Due to the increased pulse length (around 100 ps) and reduced brilliance of synchrotron sources as
compared to XFELs, SSX does not allow performing time-resolved experiments on ultra-fast time scales (fs-ps), nor
to collect data from macromolecular nano-crystals. Nevertheless, SSX is well adapted to perform room
temperature experiments on micro-crystals and to study events occurring on the ms-s timescale. Reduced costs,
flexibility of the set-up and increased beamtime availability makes synchrotrons very attractive instruments to
perform SSX experiments.

This work describes an implementation of different sample delivery approaches to perform room temperature
serial crystallography at BioMAX beamline of recently inauguarated MAXIV facility. One of them is high viscosity
injector-based serial millisecond crystallography, similar to the experiments with injectors originally developed at
XFELs, where a continuous stream containing micro-crystals is injected into the microbeam. An alternative solid
support approach is based on raster scanning micro-crystals deposited on silicon nitride membranes or capton
based Xtal tools with very low background. Also, future perspectives for the dedicated serial crystallography
beamline MicroMAX providing a very small but parallel and intense X-ray beam, will be discussed.
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MSO01-P09 | P11 AT PETRA Ill: A VERSATILE BEAMLINE FOR SERIAL AND HIGH-

THROUGHPUT CRYSTALLOGRAPHY

Burkhardt, Anja (DESY, Hamburg, GER); Crosas, Eva (DESY, Hamburg, GER); Saouane, Sofiane (DESY, Hamburg, GER); Hakanpaa,
Johanna (DESY, Hamburg, GER); Glnther, Sebastian (DESY, Hamburg, GER); Pakendorf, Tim (DESY, Hamburg, GER); Reime,
Bernd (DESY, Hamburg, GER); Meyer, Jan (DESY, Hamburg, GER); Urbschat, Jakob (DESY, Hamburg, GER); Fischer, Pontus (DESY,
Hamburg, GER); Stiibe, Nicolas (DESY, Hamburg, GER); Meents, Alke (DESY, Hamburg, GER)

Beamline P11 is dedicated to structural investigations of biological samples from atomic to micrometer length
scales. The beamline provides two state-of-the-art endstations: a crystallography experiment which is operated
between 5.5 and 28 keV and in user operation since 2013 [1] and an X-ray microscope which is currently under
construction.

Basis of beamline design was to make full use of the excellent source properties of PETRA Ill and to deliver most of
the photons into micrometer-sized focal spots at both experimental endstations. The beamline is equipped with
two X-ray mirror systems which allow for tailoring the beam properties to the experimental requirements: A large
parallel beam can be generated for bioimaging experiments, e.g. ptychography combined with X-ray fluorescence
element mapping, and single crystal structure determination from large unit cell systems. A highly intense
microbeam with more than 10" ph/sinad4x9 p.m2 focal spot (v x h, FWHM) is available for the investigation of
microcrystals and serial crystallography experiments using jets, tape-drives [2] or solid sample supports [3].

The rapid automatic sample changer and the Pilatus 6M detector in place provide a very stable setup for high-
throughput crystallography. The implementation of a Roadrunner Il goniometer, an Eiger2 16M detector and a
'pink' beam option will further reduce data collection times and will allow for screening whole ligand libraries in
short time.

[1] Burkhardt et al., EPJ Plus 131:56 (2016);

[2] Beyerlein, IUCrJ 4, 439 (2017);
[3] Roedig et al., Sci. Rep. 5, 10451 (2015).
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MSO01-P10 | Liquib APPLICATION METHOD FOR TIME-RESOLVED ANALYSES (LAMA) BY

SERIAL SYNCHROTRON CRYSTALLOGRAPHY

Mehrabi, Pedram (Max-Planck-Institute for Structure and Dynamics of Matter, Hamburg, GER); Schulz, Eike (Max Planck
Institute for Structure and Dynamics of Matter (MPSD), Hamburg, GER); Agthe, Michael (Universitdt Hamburg, Hamburg, GER);
Horrell, Sam (University of Hamburg, Hamburg, GER); Bourenkov, Gleb (EMBL Hamburg, Hamburg, GER); von Stetten, David
(EMBL Hamburg, Hamburg, GER); Leimkohl, Jan-Philipp (Max Planck Institute for Structure and Dynamics of Matter (MPSD),
Hamburg, GER); Schikora, Hendrick (Max Planck Institute for Structure and Dynamics of Matter (MPSD), Hamburg, GER);
Schneider, Thomas (EMBL Hamburg, Hamburg, GER); Pearson, Arwen R. (University of Hamburg, Hamburg, GER); Tellkamp,
Friedjof (Max Planck Institute for Structure and Dynamics of Matter (MPSD), Hamburg, GER); Miller, R. J. Dwayne (Max Planck
Institute for the Structure and Dynamics of Matter, Hamburg, GER)

With the advent of serial crystallography and new light sources time-resolved crystallography has recently seen a
resurgence. Since the majority of enzymatic reactions occur in the range hundreds of milliseconds, synchrotron
light sources are a clear alternative to XFELs for these systems due to their wide distribution and their simpler
experimental setup.

Previously we combined an established fixed target mount (chip), with a novel “Hit And REturn” (HARE) approach
for data acquisition. Due to the HARE algorithm time delays from a few milliseconds to several minutes can be
acquired with no increase in data collection time [1].

Extending the HARE approach with the use of a piezo droplet injector circumvents the use of physical or chemical
triggers for reaction initiation, such as temperature-, pH jumps, or light pulses for systems that are not naturally
amenable to light activation. Our “Liquid Application Method for time-resolved Analysis” (LAMA) in combination
with the HARE approach uses minimal amounts of protein (1-3 mg) and ligand (1.5-3 pl) per time point, making this
scheme tremendously material efficient. Using Glucose Isomerase as a model system we were able to observe an
open ring conformation of a glucose molecule in a reaction that spans several minutes in the enzyme. These newly
developed methods are highly flexible, can be easily adapted to synchrotron and XFEL beamlines and are
amenable to the majority of enzymatic systems, which now become accessible to time-resolved studies.

[1] Schulz, E. C., Mehrabi, P., Miller-Werkmeister, H.M. et al Nat. Meth. - 2018 doi:10.1038/s41592-018-0180-
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MS01-P101 -LATE | P14 TREXX: FIRST RESULTS FROM THE JURASSIC BEAMLINE

Horrell, Sam (Universitat Hamburg, Hamburg, GER); Agthe, Michael (Univeritdt Hamburg, Hamburg, GER); von Stetten, David (EMBL-Hamburg,
Hamburg, GER); Mehrabi, Pedram (Max Planck Institute for Structure and Dynamics of Matter, Hamburg, AUT); Schulz, Eike-Christian (Max
Planck Institute for Structure and Dynamics of Matter, Hamburg, GER); Bourenkov, Gleb (EMBL-Hamburg, Hamburg, AUT); Nikolova, Marina
(EMBL-Hamburg, Hamburg, AUT); Karpics, Ivars (EMBL-Hamburg, Hamburg, GER); Fiedler, Stefan (EMBL-Hamburg, Hamburg, GER); Tellkamp,
Friejof (Max Planck Institute for Structure and Dynamics of Matter, Hamburg, GER); Miller, R. Dwayne (Max Planck Institute for Structure and
Dynamics of Matter, Hamburg, GER); Huse, Nils (Univeritdt Hamburg, Hamburg, AUT); Pearson, Arwen R. (Univeritdt Hamburg, Hamburg, AUT);
Schneider, Thomas R. (EMBL-Hamburg, Hamburg, AUT)

T-REXX, a new end station co-developed by EMBL-Hamburg, and the Universitdt Hamburg on beamline P14 at
PETRA Il has recently entered user operation (March 2019), and aims to provide easy access to time-resolved
measurements. Key to the T-REXX vision is that the end station is situated in a second experimental hutch,
downstream from P14's main experimental hutch. This enables the time-resolved experiment team to optimise
their set-up offline (photo-activation or rapid mixing) and make maximum use of their beamtime, as well as
minimising the impact on P14 user operation. We present first results from T-REXX experiments over the last year,
demonstrating the capabilities of the beamline. Beamtime is available through the usual EMBL SMIS application
portal both via the T-REXX BAG and through rapid access.
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MSO02: Fragment/Ligand Binding: Tools Development

MS02-01 | How NOT TO SHOOT YOURSELF INTO THE FOOT
Rupp, Bernhard (Medical University Innsbruck, Innsbruck, AUT)

Protein-ligand complexes are some of the most interesting structures studied by crystallography and often support
hypotheses directly relevant to therapeutic drug discovery and human health. The atomic models are the result of
the interpretation of reconstructed electron density, which for the ligands is often weak or spurious, and the
interpretation thus subject to discussion: telling what is from what is not becomes non-trivial. Some of the often
concurrent fundamental difficulties regarding binding sites are that (i) out of principle, binding sites are only
asymptotically fully occupied; (ii) by design, binding sites will seek to capture anything that is even remotely similar
to the desired ligand; (iii) ligands are often present in multiple or varying conformations; and (iv) ligands displace
solvent that is often close in density to that of the purportedly bound molecules. Particularly the latter points, in
combination with certain features of the implementation of bulk solvent corrections can lead to self-deception and
non-parsimonious modelling of ligands.
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MS02-02 | PoLDER MAPS: IMPROVING OMIT MAPS FOR LIGAND BUILDING AND
VALIDATION

Liebschner, Dorothee (Lawrence Berkeley National Laboratory, Berkeley, USA)

In macromolecular crystallography, electron density maps are used to build and validate models. In particular,
OMIT maps [1] are a common tool to verify the presence of ligands. The simplest way to compute an OMIT map is
to exclude the ligand from the model, update the structure factors and compute a residual map. If the ligand is
present in the crystal structure, it is expected that the electron density of the ligand will appear as positive
features in the OMIT map. However, this is complicated by the flat bulk-solvent model [2], which postulates
constant electron density in the areas of the unit cell that are not occupied by the atomic model. Therefore, if
atoms are removed from the model, the region where they were modeled will be filled with bulk-solvent, and if
the density arising from the omitted atoms is weak, then the bulk-solvent model may obscure it further.

A possible solution to this problem is to prevent bulk-solvent from entering the OMIT regions, which may improve
the interpretative power of residual maps. This approach is called polder (OMIT) map [3] and the tool is
implemented in the software package Phenix. Polder OMIT maps can be particularly useful for displaying weak
densities of ligands. Several examples are presented where polder OMIT maps show clearer features than
conventional OMIT maps.

[1] Bhat & Cohen, J. Appl. Cryst. 17, 244-248 (1984)

[2] Jiang& Briinger, J. Mol. Biol 243, 100— 115 (1994)
[3] Liebschner et al., Acta Cryst. D, 73, 148-157 (2017)
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MS02-03 | FRAGMAX - THE NEW FRAGMENT SCREENING FAcCILITY OF MAX IV

LABORATORY

Mueller, Uwe (MAX IV Laboratory, Lund, SWE); Lima, Gustavo (MAX IV Laboratory, Lund, SWE); Knecht, Wolfgang (Lund
University, Lund, SWE); Logan, Derek (Saromics Biostructures AB, Lund, SWE); Sjogren, Tove (AstraZeneca, Mélndal, SWE)

Crystallographic fragment screening is a powerful tool to probe the functional surface of proteins and to assist
pharmaceutical industry within their drug discovery process to identify small molecular binders. FragMAX is
currently developed to a high throughput x-ray diffraction fragment screening facility using BioMAX, the first MX
beamline at MAX IV Laboratory. FragMAX entails the infrastructure to produce apo-target protein crystals, to
incubate those crystals with fragments via soaking or co-crystallisation, harvest the crystals and submit them to an
screening experiment at BioMAX. The derived experimental data are automatically processed and further analysed
in order to provide a initial ranking for potential hits to the user automatically. All experimental and analysis data
are stored within a dedicated data base and are presented within an in house developed user interface. FragMAX
is developed and operated in close colaboration with the Lund protein production platform LP3, AstraZeneca and
Saromics Biostructures as a user facility for academic and industrial users.
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MS02-04 | AUTOMATED, REMOTE-CONTROLLED LIGAND SCREENING PIPELINES FOR DRUG

DISCOVERY
Cornaciu, Irina (EMBL Grenoble, Grenoble, FRA); Marquez, Jose A. (EMBL Grenoble, Grenoble, FRA)

The evolution of automation in structural biology over the last decade has facilitated the study of challenging
targets and extended the use of protein crystallography in drug discovery. However, manual crystal mounting and
processing are time-consuming and resource-intensive, thus limiting the efficiency and productivity of small
molecule screening in the context of drug design. We have developed a new approach called CrystalDirect™,
enabling automated crystal soaking, harvesting, and cryo-cooling. This technology offers a remarkable level of
control during sample processing, making crystal mounting a more reliable and systematic operation that can
easily deal with problematic crystal morphologies and sizes. It also provides higher tolerance to organic solvents
during soaking experiments. Thanks to the CrystalDirect™ technology, we are providing access to an integrated
pipeline including high-throughput crystallization, crystal soaking and mounting, and synchrotron data collection
into a fully automated and continuous workflow. This pipeline can support very-fast analysis of small molecule-
target complexes as well as easy and efficient large-scale fragment screening and is available to scientists from
both in industry and academia. All the experimental information and results are tracked in real-time through
CRIMS (the Crystallization Information Management System). Automated data processing through the Global
Phasing Pipedream software suite - including data reduction, phasing, ligand fitting, and automated refinement -
enables real-time data processing. The capabilities of this new technology and the experience gained from the use
of these automated pipelines for ligand screening will be discussed.
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MS02-05 | STRUCTURE-BASED FRAGMENT SCREENING ON DYNAMIN GTPASE DOMAIN

Taberman, Helena (Macromolecular Crystallography (HZB-MX), Helmholtz-Zentrum Berlin fiir Materialen und Energie, Berlin,
GER); Wollenhaupt, Jan (Macromolecular Crystallography (HZB-MX), Helmholtz-Zentrum Berlin fiir Materialen und Energie,
Berlin, GER); Metz, Alexander (Institut fir Pharmazeutische Chemie, Philipps-Universitdt Marburg, Marburg, GER); Klebe,
Gerhard (Institut fiir Pharmazeutische Chemie, Philipps-Universitdat Marburg, Marburg, GER); Daumke, Oliver (Max-Delbrtick-
Centrum for Molecular Medicine, Berlin, GER); Weiss, Manfred S. (Macromolecular Crystallography (HZB-MX), Helmholtz-
Zentrum Berlin fiir Materialen und Energie, Berlin, GER)

Structure-based fragment screening concerns finding small organic molecules to occupy the active site or allosteric
binding sites of a target protein. Fragments are low molecular weight compounds increasing the probability of
finding hits, which can be optimised to higher affinity compounds to probe the biology of the target and to find
drug candidates [1]. X-ray crystallography has been shown to be the most reliable and sensitive tool for detecting
binders even with very low affinity [2].

The HZB fragment screening workflow provides libraries, for example, a novel 96 fragment F2X Entry Screen based
on maximum structural and chemical diversity, tools for sample handling, as well as fully automated data
processing and refinement for efficient evaluation of results. Furthermore, downstream optimization of hits with a
web-server is used to identify purchasable, versatile follow-up compounds. Here, this workflow is used for finding
fragments occupying the GTP binding site or allosteric sites of dynamin.

Dynamin is a multi-domain GTPase, which has a critical role in membrane fission in the endocytic pathway, for
example, in cell signalling and nutrient intake [3]. Dynamin forms a helical oligomer around the neck of the
invaginating clathrin-coated vesicle, and GTP hydrolysis introduces conformational changes inducing the fission of
the tubular membrane. The fission-activity is entirely dependent on the nucleotide binding and hydrolysis, making
the GTPase domain potential target for drug development studies.

[1] Murray, C.W. et al. (2012) Trends Pharmacol. Sci.33, 224.
[2] Schiebel, J. et al. (2016)Structure 24, 1398.
[3] Faelber, K. et al. (2012) Structure 20, 1621.
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MSO02-P01 | STRUCTURE-BASED DRUG DESIGN TO TACKLE DISORDERS OF HAEM
BIOSYNTHESIS

Arruda Bezerra, Gustavo (University of Oxford - Structural Genomics Consortium, Oxford, GBR); Bailey, Henry (University of
Oxford, Oxford, GBR); Foster, William (University of Oxford, Oxford, GBR); Rembeza, Elzbieta (University of Oxford, Oxford,
GBR); Yue, Wyatt (University of Oxford, Oxford, GBR)

X-linked protoporphyria (XLP) is caused by gain-of-function mutations in erythroid-specific aminolevulinate
synthase (ALAS2), the first and rate-limiting enzyme in haem biosynthesis. Additionally, inherited defects
downstream of ALAS2 in the haem biosynthesis pathway of erythroids lead to several porphyrias. In this work, we
aim to exploit inhibition of ALAS2 as substrate reduction therapy, whereby decreasing the influx of toxic haem
intermediates in the pathway would ameliorate the aforementioned disorders. We have established a structural
biology pipeline to generate milligram quantities of recombinant human ALAS2, suitable for large-scale
crystallisation experiments. Hundreds of ALAS2 crystals were each soaked with a chemical fragment from a custom
library, and their respective co-crystal structures were solved, in a week’s timeframe, to identify fragments bound
to ALAS2 as starting points for inhibitor design. From solving 295 crystal structures of ALAS2, we identified 19
bound fragments clustered in three different regions of the ALAS2 dimer interface, close to the C-terminal
extension that is unique among higher eukaryotes. We have developed biophysical assays to evaluate the binding
of fragments to ALAS2 and their impacts on enzyme activity, guiding us in future cycles of medicinal chemistry and
drug design.As an obligate dimer, the ALAS2 active site is formed by residues from two subunits. This feature
provides opportunities to develop inhibitors from fragments located at the dimer interface, aimed at disrupting
protein dimerization. Additionally, fragments interacting with the mobile C-terminal extension, a key region for
catalysis, could be developed into inhibitors aimed at restricting substrate access to the active site.
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MS02-P02 | GETTING THE MOST FROM YOUR CRYSTALS THROUGH THE FULL AUTOMATION OF
COMPLEX EXPERIMENTS

Bowler, Matthew (European Molecular Biology Laboratory, Grenoble, FRA)

has been a key development in macromolecular crystallography allowing the remote operation of beamlines and
the ability to screen thousands of samples and process the subsequent deluge of data. The full automation of data
collection, where the process of mounting, locating, characterising and collecting data is left entirely to algorithms,
is possible on the ESRF beamline MASSIF-1 [1,2]. In contrast to existing automatic beamlines, where automation is
confined to mounting and loop centring of samples, MASSIF-1 uses mesh scans and characterisation combining
data gathered during the process, such as crystal volume, with user input to calculate optimised strategies. The
ability to make complex decisions at multiple stages of the location and characterisation phases mean that any
sample can be processed in a wide variety of mounts allowing even the most challenging samples to be treated
automatically.

The full automation of data collection from crystals of biological macromolecules opens the door to large scale
screening for all laboratories without significant person hour investments. Projects from screening large numbers
of highly variable crystals to small molecule fragment campaigns are now possible with thousands of data sets
collected in a consistent manner day and night, often with better quality than human operators [3]. In combination
with developments in the robotic mounting and soaking of crystals [4] we envision that the future of
macromolecular crystallography is the provision of a fully automated high throughput service able to rapidly
produce high quality structural models and screen for potential therapeutic and probe molecules.
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MSO02-P03 | PANDDA: EXTRACTING LIGAND-BOUND PROTEIN STATES FROM

CONVENTIONALLY UNINTERPRETABLE CRYSTALLOGRAPHIC ELECTRON DENSITY
Pearce, Nick (University of Utrecht, Utrecht)

X-ray crystallography is routinely used to determine the structures of small molecules (ligands) bound to proteins.
Extended studies such as fragment screening probe the protein surface and elucidate information regarding
the protein’s flexibility, potentially stabilising rare alternative conformations, identifying allosteric sites or revealing
cryptic pockets. However, ligand identification and modelling in X-ray crystallography remains subjective and error-
prone: disordered solvent molecules give rise to uninterpretable or misleading density, and ordered solvent may
obscure the binding of a low-occupancy ligand. The PanDDA method [1] enables weak signal to be objectively
identified in crystallographic datasets though the simultaneous analysis of an ensemble of electron density maps
from different crystals. In the case of ligand screening, the PanDDA method enables the identification of weakly-
bound ligands by contrasting individual datasets against the background of “ground-state” datasets. After applying
a correction to remove this background “noise”, the density for partial-occupancy ligands is revealed, enabling
weakly-bound ligands to be confidently modelled. The PanDDA method has been extensively tested in the context
of crystallographic fragment screening at the XCHM facility at Diamond Light Source, and greatly increases the
amount of structural information that can be derived from these experiments, compared to traditional data-
analysis methods.

[1] Pearce, N. M. et al. A multi-crystal method for extracting obscured crystallographic states from conventionally
uninterpretable electron density. Nat. Commun. 8, 15123 doi: 10.1038/ncomms15123 (2017).
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MSO02-P04 | A CASE STUDY OF FRAGMENT SCREENING: PROTEIN KINASE A AND PIM1-

KINASE

Heine, Andreas (Philipps-Universitdt Marburg, Marburg, GER); Siefker, Christof (Philipps-Universitat Marburg, Marburg, GER);
Klebe, Gerhard (Philipps-Universitat Marburg, Marburg, GER)

Fragment screening may be used as an alternative to high-throughput screening of large compound libraries in the
drug discovery process. Here, small molecules (<300 Da) contained in small libraries of a few hundred compounds
are used in the screening process. An in-house developed fragment library was used to screen protein kinase A
(PKA) and PIM1-kinase. As an initial screen we applied a thermal shift assay (TSA) to identify suitable fragments for
follow-up crystallographic screening. High hit rates were obtained for both kinases in the TSA assay. These
fragments were then selected for further crystallographic analysis to obtain detailed binding modes for the
achieved protein-fragment complexes. Also here, high hit rates were obtained. Low fragment overlap was
observed for both kinases, indicating that fragments might be selective binders. TSA screening results and
observed fragment binding motifs will be discussed.
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MSO02-P05 | NEW FULLY AUTOMATIC MEASUREMENT MX BEAMLINE BL45XU AT SPRING-8

Mizuno, Nobuhiro (JASRI, Hyogo, JPN); Baba, Seiki (JASRI, HYOGO, JPN); Hirata, Kunio (RIKEN SPring-8 Center, HYOGO, JPN);
Yamashita, Keitaro (The University of Tokyo, Tokyo, JPN); Masunaga, Takuya (JASRI, HYOGO, JPN); Hasegawa, Kazuya (JASRI,
HYOGO, JPN); Nakamura, Yuki (JASRI, HYOGO, JPN); Murakami, Hironori (JASRI, HYOGO, JPN); Kawano, Yoshiaki (RIKEN SPring-8
Center, HYOGO, JPN); Ueno, Go (RIKEN SPring-8 Center, HYOGO, JPN); Furukawa, Yukito (JASRI, HYOGO, JPN); Takeuchi,
Tomoyuki (JASRI, HYOGO, JPN); Yamasaki, Hiroshi (JASRI, HYOGO, JPN); Yumoto, Hirokatsu (JASRI, HYOGO, JPN); Senba,
Yasunori (JASRI, HYOGO, JPN); Ohashi, Haruhiko (JASRI, HYOGO, JPN); Yamamoto, Masaki (RIKEN SPring-8 Center, HYOGO, JPN);
Kumasaka, Takashi (JASRI, HYOGO, JPN)

BL45XU operated as the SAXS beamline at SPring-8 was re-designed and reconstructed as fully automatic
macromolecular crystallography (MX) beamline in response to the need for high flux, high-throughput data
collection in recent years. We have been developing the unattended data collection system to make data
collection rapid by eliminating complicated operation and the risk of human error.

From the commissioning results of the optics, the beamline can provide the beam size ranging from 5.0 um x 5.0
pm - 100 um x 100 um with a photon flux of 5.2 x 10" - 1.8 x 10" photons/s at 12.4 keV. The beam size can be
changed to fit crystal volume for the suitable data collection scheme.

The ZOO system [1] achieves fully automated data collection in various experimental schemes, such as the normal
rotation, the multiple small wedge, the helical and SSROX schemes. The system exploits the double-arm SPACE and
the beamline control software BSS. ZOO system conducts data collection with user defined experimental
parameters including desired absorbed dose. Initial tests of the system at BL45XU was successfully done and the
system is ready for user operation from the end of May 2019. The beamline BL45XU benefits MX users in
worldwide to collect datasets just by shipping crystals here. This can save travel fee and time for coming to Japan
for the sake of high resolution data collection at SPring-8.

[1] K. Hirata, et al., Acta Cryst. D, 2019, 75, 138-150
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MSO02-P06 | FRAGMENT SCREENING PROJECT MANAGEMENT WEB APPLICATION - FRAGMAX
Lima, Gustavo (MAX IV Laboratory, Lund, SWE)

Fragment screening as a tool for drug discovery has been extensively explored by industry and academia. In this
method, small molecules are used to probe protein surface and pockets, identifying weak binders that can be
developed into hits. While fast data collection is now widely available in modern photon sources, it generates a
few terabytes of data within a single data collection, hindering data manipulation. At MAX IV, we are developing
an OS-independent Web Application focused on Fragment Screening project management that gathers
information from target and fragment library from ISPyB and present users with full data collection reports. The
web-app provides data processing (XDSAPP, autoPROC, XIA2/Dials and XIA2/XDS), refinement (BUSTER,
FSPiepeline, Dimple) and ligand fitting (RhoFit, Phenix LigFit) from a simple and intuitive interface relying on MAX
IV HPC, requiring minimal resource on user's computer for displaying a WebGL application. This tool allows 1-click
automatic data analysis as well as advanced parameters input, with several pipelines to choose including
Pipedream (Global Phasing) and PanDDA, and electron density visualisation through UglyMOL. In our current stage
of development, we ran three commissioning projects whereas one using a custom fragment library. More
information about FragMAX and our web-app is available at BioMAX webpage.
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MSO02-P103 LATE | LONG-WAVELENGTH NATIVE SAD PHASING AT BL13-XALOC

ENABLED BY THE PRESENCE OF AN HELIUM CONE

Calisto, Barbara (ALBA synchrotron, Barcelona, ESP); Gil-Ortiz, Fernando (ALBA Synchrotron, Cerdanyola del Vallés, ESP);
Carpena, Xavier (ALBA Synchrotron, Cerdanyola del Vallés, ESP); Gonzalez, Nahikari (ALBA Synchrotron, Cerdanyola del Valles,
ESP); Alvarez, José Maria (Alba Synchrotron, Cerdanyola del Vallés, ESP); Valcércel, Ricardo; Avila, José (Alba Synchrotron,
Cerdanyola del Vallés, ESP); Villanueva, Jorge (Alba Synchrotron, Cerdanyola del Vallés, ESP); Juanhuix, Judith (Alba
Synchrotron, Cerdanyola del Vallés, ESP); Boer, Roeland (Alba Synchrotron, Cerdanyola del Valles, ESP)

The MX beamline BL13-XALOC (ALBA synchrotron, Barcelona, Spain) possesses a high-intense collimated beam and
allows tailoring the beam size to the size of the sample, most commonly micrometer-sized crystals, by defocusing
the beam thus minimizing the scattering background.

Native phasing for determining crystal structures of novel macromolecules is a very promising technique as it
exploits the small anomalous signal from naturally occurring elements (atomic number < 20). In particular,
measuring the anomalous signal from sulfur at long wavelengths is very appealing because the macromolecules or
the crystals need no further derivatization. However, at long wavelengths, X-ray absorption by air and sample
dramatically hinders data collection. To partially overcome the air absorption drawback at BL13-XALOC we
designed and commissioned a removable Helium Cone (HeC) consisting on a fixed-size chamber filled with helium
gas. Comparison of data collected on tetragonal crystals of Hen egg white lysozyme at 2.7 A (respective energy 4.6
keV) in absence or presence of the HeC highlights the benefit of measuring data for S-SAD phasing in a helium-
enriched atmosphere and its most striking effect is observed in the S-substructure determination. The fully-
automatic crystal structure determination of lysozyme collected at 2.1 A (respective energy 6.0 keV) is also
discussed.

For more challenging cases we urge MX beamline users to fully and rationally use the advanced data collection
strategies available at BL13-XALOC. These include workflows designed by Global Phasing Ltd, and locally
implemented strategies such as inverse-beam, low dose, multiple orientations and multiple crystal averaging.
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MSO03: Crystallisation and Biophysical Characterisation

MSO03-01 | PROTEIN THERMODYNAMIC PARAMETERS TO UNDERSTAND AND GUIDE
CRYSTALLISATION

Saridakis, Emmanuel (National Centre for Scientific Research "Demokritos", Athens)

Stability of protein molecules is recognised as a crucial parameter for their crystallisation. Melting (denaturation)
temperature T, or thermostability, is an easily obtainable and widely used measure of stability, and choice of
source organisms, ligands and co-factors of the protein to be crystallised is often guided by an increase in T,,.
Thermodynamic stability (AG of unfolding), consisting of enthalpic and entropic components due to intramolecular
interactions, internal degrees of freedom and hydration effects, is a more complex and less well-studied
parameter. We have shown using Differential Scanning Calorimetry, that common crystallisation salts can
drastically influence the thermodynamic stability of proteins and these changes are not always reflected in the
corresponding T, shifts.

The Hofmeister series has for decades been associated with protein crystallisation. However, apart from the well-
known effects of the various ions with respect to protein solubility (which have low predictive power for
crystallisation), no specific “Hofmeister effects” have been discovered that could rationalise the preference of
different proteins for specific salts with respect to crystallisation. Relating various components of thermodynamic
stability to the presence of ions found at different points on the Hofmeister series, one such potential correlation is
proposed.

Obtaining reliable thermodynamic data from a sufficiently large and varied set of proteins, needed for establishing
meaningful, general conclusions and strategies, is a difficult task, especially when we do not know in advance what
to look for. This talk will therefore mostly aim to give some general directions and ideas for future research.
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MS03-02 | HIGH-THROUGHPUT THERMAL STABILITY APPROACHES FOR SAMPLE

OPTIMIZATION
Garcia, Maria (EMBL, Hamburg, GER)

Protein stability in detergent or membrane-like environments is the bottleneck for structural studies on integral
membrane proteins (IMP). Irrespective of the method to study the structure of an IMP, detergent solubilization
from the membrane is usually the first step in the workflow. Here, we describe a simple, high-throughput
screening method to identify optimal detergent conditions for membrane protein structural biology. We apply
differential scanning fluorimetry in combination with scattering upon thermal denaturation to study the unfolding
of integral membrane proteins. Nine different prokaryotic and eukaryotic membrane proteins were used as test
cases to benchmark our detergent screening method. Our results show that it is possible to measure the stability
and solubility of IMPs by simple diluting them from their initial solubilization conditions into different detergents.
We were able to identify groups of detergents with characteristic stabilization and destabilization effects for
transporters. We further show that fos-choline detergents may lead to membrane protein
unfolding/destabilization. Finally, we determined which thermodynamic parameters are most reliable as indicators
for IMP stability.
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MSO03-03 | IN NUMBERS: INITIAL SCREENING AT THE MRC-LMB PROTEIN CRYSTALLIZATION

FACILITY
Gorrec, Fabrice (MRC Laboratory of Molecular Biology, Cambridge, GBR)

A strategy to bypass some difficulties related to protein crystallisation is to use a large initial screen containing
many different initial crystallization conditions. We have adopted such a strategy at the MRC Laboratory of
Molecular Biology (MRC-LMB, Cambridge, UK), combined with an automated vapour-diffusion sitting drop
technique for setting up crystallization droplets. To further simplify the process when dealing with large screens,
crystallization plates pre-filled with reservoir solutions are made ready to be used. Here, | present some statistics
collected over a decade of running the facility at MRC-LMB: the numbers of plates pre-filled with initial screening
kits, the resulting costs and the final yields of quality diffraction crystals. The numbers also highlight a recent
decline in pre-filled plates consumption caused by the advent of a competing method that eliminates the need for
crystallization — cryo-electron microscopy (cryo-EM) —, which now regularly produces atomic models comparable in
quality to those obtained by X-ray crystallography.
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MSO03-04 | BioPHYSICAL METHODS TO AID PROTEIN CRYSTALLIZATION IN A

PHARMACEUTICAL SETTING
Oster, Linda (AstraZeneca, MéIndal, SWE)

In the Protein Structure group at AstraZeneca, the overall goal is to support projects with structures. A key success
factor is the quality control of the proteins of interest using a range of techniques including mass spectrometry,
size exclusion chromatography and gel electrophoresis. The goal is to ensure high purity and homogeneity before
entering crystallization trials. To learn more about the protein and further verify the quality we often use Dynamic
Light Scattering and Thermal shift assay and these methods are also used to identify the best formulation.

As the great majority of our structures are protein-compound structures we are highly dependent on biophysical
characterization of the protein-compound interaction. The purpose is to verify that we work on compounds that
show specific binding, to rank the different compounds and identify differences in binding mode to further guide
our crystallization trials. This is particularly important in a project during the hit identification campaign when
many compounds from different sources are considered interesting but could be false positives. The methods used
vary, and include Nuclear Magnetic Resonance, Surface Plasmon Resonance, Isothermal Titration Calorimetry and
Thermal Shift Assay, and often several methods are in use for one project. Furthermore, we have seen that it can
be very powerful to use biophysical methods to ensure compound binding to our specific crystallization construct
and/or in the actual soaking/co-crystallization condition.

We will present our way of working including different project examples on how biophysical techniques have aided
our efforts to support projects with structures.
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MS03-05 | HIGH-THROUGHPUT STABILITY SCREENING OF INTEGRAL MEMBRANE PROTEINS

Mlynek, Georg (University of Vienna MPL, Wien, AUT); Nagy, Michael (University of Vienna MPL, Wien, AUT); Kostan, Julius
(Department fir Strukturbiologie und Computational Biology, AUT); Kotov, Vadim (University Medical Center Hamburg-
Eppendorf (UKE), Hamburg, AUT); Marlovits, Thomas C. (University Medical Center Hamburg-Eppendorf (UKE), Hamburg, GER);
Djinovic-Carugo, Kristina (University of Vienna MPL, Vienna, AUT)

Structural analysis has changed the way we look at our world. The foremost technique used in structural analysis is
X-ray crystallography. When applied on biological macromolecules the major bottleneck of this method is the
production of well diffracting crystals [1]. As structural biology projects are becoming increasingly challenging, the
failure in the crystallization step is even more significant [2]. Therefore, there is a strong requirement for
improvement of methods to enable the growth of diffraction quality crystals.

Recently a number of studies tried to capture key factors that affect protein crystallization by either tapping the
large amount of data available on macromolecular structures, or by experimental findings [3,4].

Besides the osmotic second virial coefficient (B,,) [5] and monodispersity of protein solutions [6], protein thermal
stability was shown to be a valuable criterion for assessment of crystallization propensity [7,8]. The rationale
behind is that higher stability of the protein leads to higher amounts of chemically and conformationally pure
samples throughout the purification process [8] and therefore to higher crystallization propensity as shown by
systematic analysis of proteins by the high-throughput crystallization facility at EMBL-Grenoble [7].

The focus of this contribution is on the use of (nano)DSF for sample optimization and design of customized
crystallization approaches. Additionally, emerging new concepts which employ analysis of thermodynamic data will
be discussed.

[1] Derewenda and Vekilov, 2006
[2] Vincentelli and Romier, 2013
[3] Fusco et al., 2014

[4] Price et al., 2009

[5] Wilson and Delucas, 2014

[6] Proteau et al., 2010

[7] Dupeux et al., 2011

[8] Senisterra and Finerty, 2009
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MSO03-P01 | STRUCTURAL BAsis oF INACTIVATION OF HUMAN COUNTERPART OF MOUSE

MOTOR NEURON DEGENERATION 2 MIUTANT IN SERINE PROTEASE HTRA2
Wagh, Ajay (TMC-ACTREC, MUMBAI, IND)

Serine protease HtrA2 (High temperature requirement protease A2), is involved in apoptosis and protein quality
control. However, one of its murine inactive mutants, (5S276C aka mnd2) is associated with motor neuron
degeneration 2. Similarly, this conserved mutation in human HtrA2 (hHtrA2) also renders the protease inactive,
implicating pathogenicity. However, the structural determinants for its inactivation have not yet been elucidated.
Here, using multidisciplinary approach, we studied the structural basis of inactivity associated with this mutation in
hHtrA2. Characterization of secondary and tertiary structural properties, protein stability, oligomeric properties
and enzyme activity for both wild type and mutant has been performed using biophysical and functional
enzymology studies. The structural comparison at atomic resolution has been carried out using X-ray
crystallography. While enzyme kinetics showed inactivity, spectroscopic probes did not identify any significant
secondary structural changes in the mutant. X-ray crystallographic analysis of the mutant protein at 2A resolution
highlighted the significance of a water molecule that plays important role in mediating intermolecular interactions
for maintaining the functional ensemble of the protease. Overall, the crystallographic data, along with biophysical
and enzymology studies helped decipher the structural basis of inactivity of hHtrA25276C, which might pave way
toward further investigating its correlation with aberration of normal cellular functions, hence pathogenicity.
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MSO03-P02 | THE MORPHEUS PROTEIN CRYSTALLISATION SCREENS
Gorrec, Fabrice (MRC Laboratory of Molecular Biology, Cambridge, GBR)

Three MORPHEUS 96-condition protein crystallisation screens have been formulated de novo to solve novel
structures of proteins and macromolecular complexes. Each MORPHEUS screen is a 3D grid where 8 mixes of
additives are combined with 4 cryoprotected precipitant mixes and 3 buffer systems (Fig. 1). Systematic
approaches were followed to select the reagents and formulate the screens, like the integration of ligands that are
found in crystal structures of the Protein Data Bank (PDB). Additives that can act as protein stabilisers, crystal
cross-linkers, etc. were integrated to increase the yield of quality diffraction crystals. To formulate the latest screen
(MORPHEUS 111), small drug-like compounds as additives were integrated (Fig. 1). In addition, pragmatic aspects
that enable the steps towards structure solution were taken into consideration. For example, cryoprotectants are
integrated for straightforward flash-freezing of crystals. In order to avoid biases towards a specific subset/class of
targets, the formulation prototypes were tested on a broad range of samples purified at the LMB.

Additives
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Figure 1. MORPHEUS Il is a 3D grid screen composed of cryoprotecting precipitant mixes (e.g. PEG 4000 with glycerol), 3 buffer
systems (pH 6.5, 7.5 and 8.5) and 8 additive mixes (Dipeptides, Vitamins, Nucleosides, etc.)

[1] Gorrec, F. (2009) The Morpheus protein crystallisation screen. J Appl Cryst 7, 1035-1042.

[2] Gorrec, F. (2015) The Morpheus Il protein crystallisation screen. Acta Cryst F71, 831-837.

[3] Gorrec, F. and Zinzalla, G. (2018) The MORPHEUS Il protein crystallization screen: at the frontier of drug
discovery. IUCr Newsletter 26.
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MSO03-P03 | MOLECULAR INVESTIGATION OF MUSCLE Z-DISC ASSEMBLY CENTERED ON THE
COMPLEX HUMAN A-ACTININ ISOFORM-2 AND ZASP

Konstan, Julius (University of Vienna, Vienna, AUT); Ribeiro, Euripides (Baxalta Innovations GmbH-Takeda, Vienna, AUT);
Stefania, Valeria (Univeristy of Vienna, Vienna, AUT); Djinovic, Kristina (University of Vienna, Vienna, AUT)

In skeletal and cardiac muscle, proteins are organized into sarcomeric units, which lateral borders are delineate by
the Z-discs. ZASP is a Z-disc protein involved in the early stage of myofibrillogenesis. It belongs to the Enigma
family, which is one of the prevailing protein families involved in dilated cardiomyopathies [1]. ZASP acts as a
mediator between cytoskeletal elements and signaling cascades and its presence in the Z-disc is essential for
integrity of the sarcomere during contraction [1]. In the Z-disc protein network, ZASP interacts with various binding
partners [2;3], in particular with a-actinin 2 (ACTN2), which is one of the most abundant proteins in the Z-disc,
designed to cross-link actin filaments from adjacent sarcomeres [4].By integrative structural approaches, we aim to
explore the function and dynamics of ACTN2-ZASP complex in presence of its binding partners FATZ, titin and F-
actin. We show that ZASP binds ACTN2 with nanomolar affinity, which makes the complex amenable for
crystallization and subsequent X-ray diffraction experiments. Moreover, preliminary XL-MS analysis delineated the
binding sites of ZASP on ACTN2, providing constrains for modeling of solution structure ZASP-ACTN2 complex using
the data obtained by small-angle X-ray scattering. We also show that ZASP and ACTN2 can form a ternary complex
with the Z-disc protein FATZ-1. Further studies will provide insights into formation and function of the ZASP-
ACTN2-FATZ-1 complex as well its organization at molecular level, which might help to reveal essential implication
of ZASP in the formation of the Z-disc.

[1] Lin, 2014

[2] Au, 2004

[3] Ming Zheng, 2009
[4] Ribeiro, 2014
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MSO03-P04 | CRYSTAL STRUCTURE OF AN ANTI-TUMOUR ANTIBODY IN COMPLEX WITH A
TUMOUR-SPECIFIC ANTIGEN

Johannesen, Hedda (University of Oslo, Department of Chemistry, Oslo, NOR); Bjerregaard-Andersen, Kaare (Department of
Chemistry - University of Oslo, Oslo, NOR); Heggelund, Julie (Department of Pharmacy - University of Oslo, Oslo, NOR); Lgset,
Geir Age (Department of Biosciences - University of Oslo, Oslo, NOR); Krengel, Ute (Department of Chemistry - University of
Oslo, Oslo, NOR)

When a healthy cell mutates into a cancerous cell, it exhibits altered gene expression and uncontrolled
proliferation. These changes can be exploited bycancer immunotherapy for diagnostic and therapeutic purposes.
One such tumour-specific antigen is the N-glycolyl GM3 ganglioside that is highly similar to the most common
ganglioside N-acetyl GM3, differing only by a terminal hydroxyl group instead of a hydrogen. It is located on the
cell surface of several different tumours, but not in healthy adult human cells [3] The ganglioside is recognised by a
monoclonal IgG antibody named 14F7 that was developed at the Centre for Molecular Immunology in Havana,
Cuba [2]. To be able to exploit the favourable properties of 14F7 it would be helpful to know precisely how the N-
glycolyl GM3 ganglioside and the 14F7 antibody interact at a molecular level. To this end, we have generated
recombinant 14F7 in scFv format, expressed the protein using a periplasmic expression system and crystallised the
scFv [1]. Here, we show how the ganglioside binds to a groove created by the heavy chain CDR H3-loop.

[1] Bjerregaard-Andersen, K., Johannesen,et al., (2018). Crystal structure of an L chain optimised 14F7 anti-
ganglioside Fv suggests a unique tumour-specificity through an unusual H-chain CDR3 architecture. Scientific
Reports, 8(1), 10836.

[2] Carr, A, et al., (2000). A mouse IgG1 monoclonal antibody specific for N-glycolyl GM3 ganglioside recognized
breast and melanoma tumors. Hybridoma, 19(3), 241-247.

[3] Malykh, Y. N. et al., (2001). N-Glycolylneuraminic acid in human tumours. Biochimie, 83(7), 623-634.
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MSO03-P05 | INVITATION TO PERFORM EXPERIMENTS ON HIGH END INSTRUMENTS: CENTRE

OF MOLECULAR STRUCTURE IN BIOCEV

Stransky, Jan (Institute of Biotechnology, Academy of Sciences of the Czech Republic, Vestec u Prahy, CZE); Pavlicek, Jiri
(Institute of Biotechnology, Academy of Sciences of the Czech Republic, Vestec, CZE); Charnavets, Tatsiana (Institute of
Biotechnology, Academy of Sciences of the Czech Republic, Vestec, CZE); Pompach, Petr (Institute of Biotechnology, Academy
of Sciences of the Czech Republic, Vestec, CZE); Vankova, Pavla (Institute of Biotechnology, Academy of Sciences of the Czech
Republic, Vestec, CZE); Skultétyova, Lubica (Institute of Biotechnology, Academy of Sciences of the Czech Republic, Vestec, CZE);
Schneiderovd, Magdalena (Institute of Biotechnology, Academy of Sciences of the Czech Republic, Vestec, CZE); Dohnalek, Jan
(Institute of Biotechnology of the Czech Academy of Sciences, Vestec, CZE)

The Centre of Molecular Structure offers wide range of methods of structural biology. It operates in BIOCEV as a
part of Institute of Biotechnology, AS CR. CMS consists of facilities devoted to crystallization of macromolecules, X-
ray diffraction and scattering, biophysical characterization, advanced mass spectrometry, and infrared and
fluorescence spectroscopy. The open access services are provided via the Czech Infrastructure for Integrative
Structural Biology (CIISB) and Instruct-ERIC. The essential core equipment consists of 15T-Solarix XR FT-ICR (Bruker
Daltonics) for mass spectrometry, D8 Venture (Bruker) diffractometer with Metallet X-ray source (Excillum),
crystallization hotel RI-1000 (Formulatrix), Prometheus and two Monoliths (Nanotemper) for protein
characterization and affinity measurements, and Chirascan for circular dichroism measurements. Recently, this
instrument portfolio was extended by SAXSPoint 2.0 (Anton Paar) with Metallet X-ray source (Excillum) for small
angle X-ray scattering studies of biomolecules in solution, MALDI TOF mass spectrometer, excimer laser for
induced protein modification, and newly equipped room for spectroscopy with Fourier-transformed Infrared (FTIR)
spectrometer and a FLS1000 spectrofluorometer. The Centre of Molecular Structure also participate in active
development of the instruments and methods.

[1] The Centre of Molecular Structure is supported by: MEYS CR (LM2015043 CIISB); project Czech Infrastructure

for Integrative Structural Biology for Human Health (CZ.02.1.01/0.0/0.0/16_013/0001776) from the ERDF; project
Structural dynamics of biomolecular systems (CZ.02.1.01/0.0/0.0/15_003/0000447) from the ERDF.
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MSO03-P06 | CRYSTAL PRODUCTION AND STRUCTURE SOLUTION THANKS TO THE

NUCLEATING AND PHASING AGENT, CRYSTALLOPHORE.

Girard, Eric (Institute of Structural Biology IBS, Grenoble, FRA); Engilberge, Sylvain (Institute for Structural Biology (IBS),
Grenoble, FRA); Riobé, Frangois (Ecole Normale Supérieure, Lyon, FRA); Santoni, Gianluca (European Synchrotron Radiation
Facility, Grenoble, FRA); Wagner, Tristan (Max-Planck-Institute for Marine Microbiology, Bremen, GER); Maury, Olivier (Ecole
Normale Supérieure, Lyon, FRA)

Obtaining crystals and solving the phase problem remain major hurdles encountered by bio-crystallographers in
their race to get new high-quality structures.

The crystallophore, Th-Xo4, is a lanthanide complex formed from a molecular cage chelating a terbium atom [2].
We will present the results obtained on about fifteen proteins which show that Xo4 induces unique crystallization
conditions and promotes new crystal packing showing that Tb-Xo4 acts an efficient nucleating agent.
The crystalline forms promoted by the crystallophore bypass crystal defects often encountered by
crystallographers such as low-resolution diffracting samples or crystals with twinning.

We will also present few examples of Th-Xo4 phasing properties [1,2,4], showing, in particular that the
crystallophore is compatible with serial crystallography approaches.

Finally, the versatility of the interactions between Xo4 and the surface of proteins explains its exceptional
properties [3] making this molecule a unique tool for simultaneously solving the two major locks of
biocrystallography.

[1] Bernhardsgritter, I., et al. (2018). Nature Chemical Biology. 14, 1127-1132.

[2] Engilberge, S., et al. (2017). Chem. Sci. 8, 5909-5917.

[3] Engilberge, S., et al. (2018). Chemistry. 24, 9739-9746.

[4] Vogeli, B., et al. (2018). Proceedings of the National Academy of Sciences. 115, 3380—3385.
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MSO03-P07 | STRUCTURAL AND BIOPHYSICAL ANALYSIS OF THE PYRIDOXAL PHOSPHATE

SYNTHASE FROM PLASMODIUM VIVAX

Ullah, Najeeb (University of Hamburg, Hamburg, GER); Mudogo, Celestin Nzanzu (University Hamburg, Institute for
Biochemistry and Molecular Biology, Hamburg, GER); Falke, Sven (University of Hamburg, Hamburg, GER); Perbandt, Markus
(University of Hamburg, Hamburg, GER); Wrenger, Carsten (University of Sdo Paulo, Sad Paulo, BRA); Betzel, Christian
(University of Hamburg, Hamburg, GER)

Malaria is still one of the leading causes of morbidity and mortality in developing countries, especially in Africa, but
also in Asia and Latin America caused by Plasmodium species [1]. A potential drug target and till now mostly not
analysed are the structurally unique enzymes of Plasmodium spec. involved in vitamin Bg (pyridoxal 5-phosphate)
biosynthesis. Vitamin-Bg is synthesized by PLP synthase complex consisting of pyridoxal biosynthesis lyase (Pdx1)
and glutamine amido-transferase (Pdx2) [2]. Pdx1 exist as hexamer—dodecamer equilibrium in solution formed by
two interdigitating rings, each consisting of six Pdx1 molecules and Pdx2 subunits attach to the Pdx1 oligomer [3].

To study structure-function relationship and dynamicity of the Pdx1-Pdx2 complex bacterial expression,
purification and biophysical characterization of both proteins were established. Initial characterization of the
recombinant proteins was performed by size exclusion chromatography and dynamic light scattering revealing that
the Pdx1 protein is monodisperse and dodecameric in solution, whereas, Pdx2 appears as both monomeric and
multimeric. The complex formation was analysed by Nanoparticle tracking and small-angle X-ray scattering to
obtain insights about the three-dimensional structure in solution.

Further, we obtained crystals of Pdx1 and the complex applying the vapor diffusion method. Diffraction data up to
2.5 A applying synchrotron radiation were collected and processed.

Details about structure solution, final refinement and interpretation will be presented.
[1] Guédez et al. 2012 Structure, 20, 172—-184.

[2] Sangwoo Kim and Kyung-Jin Kim. Structural Biology and Crystallization Communications, F69 (2013), 578-580.
[3] Neuwirth et al. 2009, FEBS Letters, 583, 2179-2186.
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MSO03-P08 | THE RoLE OF ODD IN THE BIOSYNTHESIS OF MEDICALLY IMPORTANT
ALKALOIDS

Kot, Ewa (Jerzy Haber Institute of Catalysis and Surface Chemistry Polish Academy of Sciences, Krakow, POL); Kurpiewska,
Katarzyna (Jerzy Haber Institute of Catalysis and Surface Chemistry Polish Academy of Science, Krakow, POL); Borowski, Tomasz
(Jerzy Haber Institute of Catalysis and Surface Chemistry Polish Academy of Science, Krakow, POL)

Most of drugs belong to substances produced by plants and called with a common name as alkaloids. It is a group
of organic compounds with one or more nitrogen atoms which are mostly alkaline. To one of the most popular
alkaloids morphine or codeine can be counted; both have similar chemical properties. Morphine is mainly used as
a painkiller in heroin addiction or as a counter the effects of opioid overdose. Codeine also can be analgesic but
causes the disappearance of feeling hungry [1]. Both, morphine and codeine, belong to alkaloids which are
produced in opium poppy (Papaver somniferum) at the morphine biosynthesis pathway [2]. The biosynthesis
pathways for morphine and berberine engage 2-oxoglutarate dependent dioxygenases (ODD) [3].

Presented project concerns production, crystallization, catalytic characterization and engineering of plant enzymes
belonging to the superfamily of 2-oxoglutarate dependent dioxygenases. Three enzymes: codeine O-demethylase
(CODM), thebaine 6-O-demethylase (T6ODM) and protopine O-dealkylase (PODA) are under investigation. Two of
them, CODM and T60DM, catalyze penultimate and final steps in morphine biosynthesis, while PODA can catalyze
the 0,0-demethylenation of methylenedioxy bridges on protopine and on protoberberine alkaloids. All three
enzymes can catalyze reactions for a relatively wide range of alkaloids as a substrate [2].

Number of expression and purification experiments were performed so far, including optimization of different
bacterial hosts systems, culture conditions and purification protocols. As a result, active and stable enzymes were
obtained. Results of biochemical experiments will be presented.

[1] Rang et al., 1995

[2] Runguphan et al., 2012
[3] Farrow and Facchini, 2013
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MSO03-P09 | CRYSTAL STRUCTURE OF HUMAN AMACR PROVIDES INSIGHT INTO SUBSTRATE

RECOGNITION AND CATALYTIC MECHANISM

Lin, Meng Hsuan (National Taiwan University, Taipei, TWN); Lee, Ming Ying (National Taiwan University, Taipei, TWN); Hsu,
Chun-Hua (National Taiwan University, Taipei, TWN)

Human amethylacyl CoA racemase (AMACR; P504S) plays a pivotal role in catalysing a key chiral inversion step in
the metabolism of branchedchain fatty acid, ibuprofen, and related drugs. Recently, AMACR was found to be
overproduced in prostate cancer and has been used as a cancer biomarker and an attractive drug target.
Moreover, human AMACR is associated with human diseases because of function deficiency caused by single base
mutation such as the SNP mutants S52P and L107P. Here, we report the crystal structures of human AMACR in apo
form and in complex with a substrate analog, isobutytrylCoA (IBCoA). The structure of human MACR presents an
interlocked dimeric architecture. In addition, the structural information delineates the residues involved in
catalysis and identifies a hydrophobic plateau for acyl or aromatic groups binding. For the binding effect of large
sidechain substrates, the evidence implies that the hydrophilic sidechain would not contribute to binding. Finally,
based on the results of MD simulation and in vivo thermal shift assay, we find that L107P and S52P mutants
located very close to the binding pocket, and S52P are less stable than wildtype AMACR. These studies will shed
new light on the drug development and understanding of AMACR function, and thus will be of great research and
therapeutic value.
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MSO03-P10 | SEc-SAXs ANALYSIS OF OLIGOMERIC STATES OF HUMAN NKR-P1 WITH ITS
LIGAND LLT1 IN SOLUTION

Skalova, Tereza (Institute of Biotechnology CAS, v.v.i.,, Vestec, CZE); Blaha, Jan (Department of Biochemistry, Faculty of Science, Charles
University, Prague, CZE); Stransky, Jan (Institute of Biotechnology, The Czech Academy of Sciences, v.v.i., Vestec, CZE); Koval, Tomas (Institute of
Biotechnology of the Czech Academy of Sciences, Vestec, CZE); Duskova, Jarmila (Institute of Biotechnology, The Czech Academy of Sciences,
v.v.i., Vestec, CZE); Skorepa, Ondrej (Department of Biochemistry, Faculty of Science, Charles University, Prague, CZE); Kalouskova, Barbora
(Department of Biochemistry, Faculty of Science, Charles University, Prague, CZE); Pazicky, Samuel (Department of Biochemistry, Faculty of
Science, Charles University, Prague, CZE); Vanek, Ondrej (Department of Biochemistry, Faculty of Science, Charles University, Prague, CZE);
Dohnalek, Jan (Institute of Biotechnology of the Czech Academy of Sciences, Vestec, CZE)

Natural killer (NK) cells are a type of lymphocytes able to kill tumour and virally infected cells. Human NKR-P1 is
one of the plenty of receptors anchored in the membrane of the cell and LLT1 is its ligand on a partner cell. Both
NKR-P1 and LLT1 have extracellular part with C-type lectin like fold.

The extracellular domains of NKR-P1 and LLT1 have been expressed and characterised.1,2 The crystal structures of
LLT1 oligomers have been published3 and structures of NKR-P1 and NKR-P1:LLT1 have been deposited. We
discovered that NKR-P1 and LLT1 form a chain in the crystal structure of the NKR-P1:LLT1 complex.
In order to study the form of the interaction of NKR-P1 with LLT1 in solution, we have performed small angle X-ray
scattering coupled with size exclusion chromatography (SEC-SAXS). The SEC-SAXS intensity curve shows two
distinct peaks, the smaller one corresponding to higher oligomers and the larger one corresponding basically to the
NKR-P1:LLT1 complex. However, deeper analysis showed that in fact, each point of the SEC-SAXS curve
corresponded to a combination of several oligomeric states.

[1] Blaha, J. et al (2015). Protein Expr. Purif. 109, 7-13.

[2] Blaha, J. et al (2017). Protein Expr. Purif. 140, 36-43.

[3] Skalova, T. et al (2015). Acta Cryst. D71, 578-591.

This study was supported by BIOCEV (ERDF CZ.1.05/1.1.00/02.0109), CIISB4HEALTH (ERDF
CZ.02.1.01/0.0/0.0/16_013/0001776), Czech Science Foundation (15-15181S and 18-10687S), MEYS of the Czech
Republic (LTC17065 within the COST Action CA15126), Charles University (SVV260427/2018, GAUK 161216), and
Instruct (R&D pilot scheme APPID 56 and 286).
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MSO03-P11 | A RELIABLE AND VERSATILE TooL FOR HIGH-END IN-HOUSE STRUCTURAL

STUDIES

Mrosek, Michael (Bruker AXS GmbH, Karlsruhe, GER); Smith, Vernon (Bruker AXS GmbH, Karlsruhe, GER); Adam, Martin (Bruker
AXS GmbH, Karlsruhe, GER)

In house X-ray structure determination has seen steady improvements, now being capable of handling ever smaller
and weaker diffracting samples. Modern diffraction systems address the need for increased throughput that is
essential e.g. for ligand binding studies in the pharmaceutical industry. Performance of these systems has
increased so much that protein crystals that previously required synchrotron data collection, now often can be
collected in house significantly improving the speed of the projects moving forward.

Here we demonstrate that the D8 VENTURE platform is capable of collecting data of protein crystals with a broad
array of challenging properties. High-performance X-ray sources, such as the IuS DIAMOND, and the PHOTON Ill-a
large active-area photon-counting mixed-mode detector—provide data to high resolution of samples with
extremely large unit cells or very small crystal sizes. During development special attention has been given to
keeping the system virtually maintenance free and minimizing running costs.

We will also present a number of examples that all benefit from new and advanced system features that were
added to achieve an unprecedented ease of use:

Automated visual and X-ray based crystal centering,

Improved crystal visualisation features for both, cryo and in situ applications

Extended import and export functionalities to modern crystallographic pipelines.
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MSO03-P12 | ALL-IN-ONE SAMPLE HOLDER FOR MACROMOLECULAR CRYSTALLOGRAPHY

Feiler, Christian (Helmholtz Zentrum Berlin, Berlin, GER); Wallacher, Dirk (Helmholtz Zentrum Berlin, Berlin, GER); Weiss,
Manfred (Helmholtz Zentrum Berlin, Berlin, GER)

Various types of sample holders have been developed and are widely used in protein X-ray crystallography [1, 2].

Collection of diffraction data from a single protein crystal involves a number of manual handling step, including
crystal fishing, cryo protection and mounting onto an individual sample holder. Numerous enhancements have
been donein order to improve many handling steps, including in-situ screening to characterize well-diffracting
crystals [3, 4].

We have developed a novel type of sample holder, which acts as an all-in-one platform. As a replacement of
commonly used cover slips, it supports all steps in the workflow from crystal setup to data collection without any
direct crystal handling. Further, crystal manipulation is realized in-place and does not require any handling steps of
individual crystals.

Diffraction data collection can be carried out at both, ambient and cryogenic temperature. Additionally, the sample
holder is compatible with the SPINE standard format and can therefore be used with automatic sample mounting
robots. Finally, with using the new type of sample holder, the number of crystals / dewar can be drastically
increased.

The patent pending sample holder can be used on both, 22- and 18-millimeter standard 24-well plates. Auxiliary
tools support a straightforward workflow, using the novel sample holder with a minimized chance of damaging
sensitive crystalline material.

[1] Papp, G. et al. doi:10.1107/52059798317013742

[2] Pflugrath, J.W. d0i:10.1107/5S2053230X15008304
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MSO03-P13 | PROFILINS AND THE QUEST FOR STRUCTURE-BASED IGE-EPITOPE MAPPING

Wortmann, Judith (Institute for Molecular Biosciences, University of Graz, Graz, AUT); Gottstein, Nina Alice (Institute for
Molecular Biosciences, University of Graz, Graz, AUT); Hofer, Gerhard (University of Graz, Graz, AUT); Keller, Walter (Institute
for Molecular Biosciences, University of Graz, Graz, AUT)

Background: Panallergens frequently cause respiratory allergy and oral allergy syndrome. Profilins are important
panallergens because of their highly conserved structure and ubiquitous presence in allergy sources. Therefore,
determination of the structure and biophysical characterization are important tasks to complement IgE-binding
studies and enable structure-based epitope prediction. Here we give an overview of important profilin allergens
and present our most current research results.

Methods: Six profilins were expressed in E.coli. The food allergen Cuc m 2 (melon - Cucumis melo) and Cit s 2
(orange — Citrus sinensis), the pollen allergen Ole e 2 (olive tree — Olea europaea), Fra e 2 from the European ash
(Fraxinus excelsior) and Phl p 12 (timothy grass - Phleum pratense) as well as the storage mite allergen Tyr p 36
(Tyrophagus puturescentiare). Biophysical characterization including Circular Dichroism spectroscopy, Differential
Scanning Fluorimetry and Size Exclusion Chromatography are used to verify the proteins’ native fold. Crystallization
and homology modeling coupled to bioinformatics provide structural information and IgE-binding assays
immunological data on cross-reactivity.

Results: All six profilin allergens included in this study were recombinantly expressed and purified to homogeneity.
Biophysical characterization revealed the structural integrity of the allergens and their monomeric state, which
makes them well suited for immunological testing. Homology modeling elucidated the surface-accessible regions
of the allergens.

Conclusion: Immunological data regarding cross-reactivity of a wide range of homologous proteins in combination
with structural information will enable more accurate IgE-epitope predictions using a structure based IgE-epitope
mapping approach for the profilin family of allergens.
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MSO03-P14 | ONE STEP CO-PURIFICATION AND CRYSTALLIZATION OF THREE SOLUBLE
PROTEINS FROM CYANOBACTERIA, THE UNIQUE CRYSTALLIZATION PROPERTIES OF C-

PHYCOCYANIN

Sarrou, losifina (CFEL, DESY, Hamburg, GER); Falke, Sven (Institute for Biochemistry, Hamburg, GER); Komadina, Dana (CFEL,
DESY, Hamburg, GER); Tritschler, Felix (CFEL, DESY, Hamburg, GER); Yefanov, Oleksandr (CFEL, DESY, Hamburg, GER); Chapman,
Henry (CFEL, DESY, Hamburg, GER)

Cyanobacteria have gained a lot of attention in recent years because of their potential applications in various fields
of biotechnology. The establishment of cost and time-efficient purification protocols for cyanobacterial proteins
and complexes, especially from their natural source, is highly desirable in structural biology and other areas of
research.

We are presenting a highly time-efficient optimized co-purification protocol for three native key proteins of the
photosynthetic cyanobacteria T. elongatus and A. platensis:

The cytochrome c6, a redox protein acting as an electron mediator between the cytochrome b6f complex and
photosystem |. The 2Fe-2S cluster Ferredoxin (Fed1) which is reduced by Photosystem | and carries one electron to
a Fd-NADP+ reductase. The antenna protein C- Phycocyanin (C-PC), a pigment with massive commercial value as
natural colorants in nutraceutical, cosmetics, and pharmaceutical industries, besides its health benefits.

As obtained, we were able to characterize and optimize crystallization conditions for cytc6 and Fedl from T.
elongatus and collected X-ray diffraction data from crystals with resolutions higher than 2A .

Further, C-Phycocyanin from T. elongatus and A. platensis show unique crystallization properties. They crystallize
in hundreds of significantly different conditions with various crystal morphologies. We collected high resolution
data from 160 different crystallization conditions in the pH range 4 to 9 and will present the changes in the
symmetry and the unit cell parameters under different conditions. This extraordinary behaviour of the C-PC will
contribute to the comprehension of the fundamental principles of protein crystallography.
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MSO03-P15 | NoveL BiocHEMICAL BASES FOR NUCLEAR FACTOR | X (NFIX)
Lapi, Michela (Universita degli studi di Milano, Milano (Ml), ITA)

My PhD project focuses on Nuclear Factor | X (NFIX), which is a transcription factor belonging to the NFI DNA-
binding proteins family. NFIX plays an essential role in the dev