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AT A GLANCE

The Analytical Research Infrastructures of Europe (ARIES) provide unique windows into the workings of the world
around us. ARIEs include powerful photon sources, such as synchrotron storage rings, laser systems and free-elec-
tron lasers; sources of neutrons, ions and other particle beams; and facilities dedicated to advanced electron-mi-
croscopy and high magnetic fields. In 2020, the varied and complementary analytical techniques of ARIEs, coupled
with the strong scientific networks established in Europe, have made it possible to coordinate efforts to combat the
unexpected challenges of the COVID-19 pandemic.

Analytical Research
Infrastructures
in Europe

Protons

ARIEs are centres of scientific and technological excellence, delivering services, data and know-how to a growing and
interdisciplinary user community comprising more than 40,000 researchers in academia and industry across a wide
range of domains: life science, the physical sciences, energy, engineering, the environment and the earth sciences,
as well as medicine, health, food and cultural heritage. Access to the ARIES by the scientific user community is free
and peer reviewed, based upon the principles of scientific excellence and open data. This paper describes how the
ARIEs have responded rapidly to Covid-19, as well as how they will address the scientific and operational challenges
posed by the pandemic and future viral or microbial threats. The impact of the ARIES results from the complementarity
of their unique individual analytical techniques, which, in combination, provide unmatched analytical capabilities to
study infectious diseases. It ranges from investigations at near atomic level (required for understanding the molecular
mechanisms of infection and the structure-based design of antimicrobial and antiviral therapeutics) to developments
in detection, treatment and prevention.
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The technical expertise of the ARIES has an impressive track record in fostering the development of critical tech-
nologies for diagnostic and/or therapeutic procedures in medicine and health. These include hadron therapy, the
development of radiopharmaceuticals for diagnosis and therapy, magnetic resonance imaging (MRI), positron emis-
sion tomography (PET) and single photon-emission computed tomography (SPECT), all of which are in widespread
use. In addition, structural biology, which has so far predominantly been performed using X-ray sources, provided
invaluable information on the interaction of drug molecules with their biological targets and laid the foundation for
structure-based drug discovery. More recently, novel X-ray imaging technologies have been developed at the ARIES

with important potential clinical applications. While most technologies have been developed for detection and treat-



ment of cancerogenous tissue, they can also be adapted to directly or indirectly detect infectious agents. Looking
ahead, there is in particular an urgent need for technologies that can be quickly adapted to new pathogens, and that

are able to detect them in the environment at low cost.

The combination of high-end infrastructure and expertise at the different ARIEs is unmatched in the world and forms
an ideal base to develop new and existing multi-disciplinary approaches to tackle infectious agents. For this to be
successful, however, there must be funding and networking possibilities to enable international teams of experts from
the medical and biomedical-research communities to collaborate more closely, and sustainably, with ARIE scientists
and engineers. Bolstered by the health cluster of Horizon Europe (HE), it presents an unprecedented opportunity to
deploy the ARIES’ unique combination of analytical techniques, skills and know-how to efficiently target viral and
microbial threats. The result will be an acceleration both in research that combats viral and microbial threats, and
in the development of fast in-field testing capacities and other solutions to protect the health of Europe’s citizens.
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1. THE CHALLENGE

The sudden emergence of new infectious agents with no known cure has been a major threat to human civilization
throughout history. Fortunately, a much better understanding of the biology of infectious diseases, coupled with the devel-
opment of vaccines and the discovery of antibiotics, has allowed the control or eradication of many historically challenging
diseases. However, evolutionary pressure will inevitably lead to the emergence of new pathogens that evade current
modes of prevention or treatment. Examples from the more recent past include bacteria such as the Methicillin-resistant
Staphylococcus aureus (MRSA), multidrug-resistant tuberculosis strains and EHEC E.coli, prion-based infectious diseases,
and viruses such as HIV, Ebola, Zika and the new coronaviruses SARS-CoV and SARS-CoV-2. It has been surprisingly
challenging to develop therapies and/or vaccines for these infectious agents, meaning that most of the above-mentioned
examples are primarily kept under control with public health measures, such as improved awareness of proper hygiene.

The main challenges when dealing with novel infectious agents are the:

1. rapid emergence of the infectious agent, and an unpredictable duration of epidemics/pandemics;

2. limited diagnostic and testing capabilities;

3. lack of proper detection of the infectious agent in the environment, in particular for rapid screening of surfaces
and the air;

4. lack of effective therapeutics for affected individuals with severe symptoms;

5. lack of preventive agents, in particular vaccines.

The sudden emergence of the SARS-CoV-2 virus and the associated COVID-19 disease has unambiguously placed the
vulnerability of human society to novel pathogens in the spotlight. It has also highlighted the tremendous economic impact
that novel diseases can wreak even though the lethality of COVID-19 is, by the standard of historic pandemics, moderate.
Moreover, the unpredictability of the emergence and disappearance of novel infectious agents makes it highly challenging
for commercial entities to commit substantial investments to the development of specific diagnostics, drug or vaccines.
Public bodies such as the EC, which are able to afford long-term investments in possible future public-health threats, are
best placed to fund the tackling of novel pathogens and prepare for future pandemics strongly and efficiently. In addition,
the spread of infectious agents has never been —and most likely never will be — stopped by invisible political barriers such

as borders, and are therefore inherently a highly international, even global, challenge defying local strategies.

In rapidly confronting an emerging infectious agent with new diagnostic, treatment and prevention methods, the role
of cutting-edge fundamental research into that agent’s structure, molecular function and pathophysiology cannot be
understated. However, in order to take the results all the way from “bench to bedside” requires close collaboration be-
tween multidisciplinary teams and organisations. As centres of scientific and technological excellence, the ARIES drive
world-leading fundamental, applied and industrial research and form an essential link in the research-and-innovation
chain with their unique insights into the function of both living matter and materials. They are also constantly redefining

the state of the art in technology.



2. REACTION OF ARIEs TO COVID-19

The current SARS-CoV-2/COVID-19 pandemic caused a worldwide emergency with no precedent in recent histo-
ry — we have to look back to the 1918 influenza (the so-called “Spanish flu”) for any comparable crisis. The ARIES
have been addressing this challenge by quickly overcoming the challenges of operation under social-distancing
measures while making themselves available to those researchers who are seeking to study the novel virus and
its effects. Dedicated rapid-access programs for COVID-19 research were immediately initiated by several of the
ARIES (see e.qg. https://www.esfri.eu/covid-19; https://lightsources.org/2020/08/27/lightsource-research-and-sars-
cov-2/). These have allowed scientists to develop innovative methodologies for pathogen detection and therapy, and
to better understand the effect of COVID-19 on lung tissues. Meanwhile, the protein-production capabilities at the
ARIEs have directly supported blood-serum and structural studies, providing key insights into virus-host interactions.
First results are already in the public domain (see achievements section below), clearly illustrating the importance of
ARIEs in overcoming the pandemic. However, finding ways to operate large scale research infrastructure with limited
or non-existing user mobility, under the required special safety access conditions was not without its challenges. The

lessons-learned and the demands ahead are summarized here.

OPERATION OF ARIEs DURING THE COVID-19

The ARIEs play a crucial role in facing some of the biggest fundamental scientific and societal challenges of our time.
They have swiftly stepped forward to allow continuous operation during the current COVID-19 pandemic. While much
human activity stopped as COVID-19 swept from one country to the next, the ARIEs had to adapt to the constraints
of operating in a post-COVID-19 world by ensuring that they could provide their essential services for studies of the
virus safely and reliably, and, longer term, provide facilities for a much wider range of research. During the crisis, the
ARIEs focussed on minimising risks to the safety of staff and users, while expanding their range of remote services
for a user community that will probably face travel restrictions for as long as the pandemic continues. By supporting
SARS-CoV-2 research during national lockdowns, the ARIES provided the infrastructure, which made it possible to
obtain critical insights into the structure and function of the virus — insights that will likely prove indispensable for the
understanding of the disease and the development of vaccines. They have already contributed to a first understanding

of the physiopathology of the virus on lung tissues in the most severely affected patients.

a. Safety
The response of each of the ARIEs was very different, being influenced by its home country. Unsurprisingly, activ-
ities were much more constrained in countries with longer, more restrictive lockdowns. Nevertheless, many ARIEs
established as quickly as possible support for COVID-19 research with the introduction of clear working protocols
and the universal adoption of remote user-access. Most facilities also set up controlling-emergency boards. The
internal decisions made in these boards ensured that all safety measures required by government authorities were

implemented and followed. Safety measures for facility staff, for example, included the safe occupancy of working



areas and movement between them; meanwhile, social distancing (1.5 to 2m) and, in most cases, PPES usage were

guaranteed in all public spaces (meeting rooms, cafeterias, etc).

b. Remote Access
Depending on the size of their facilities, their experiment teams, the complexity of their set-ups and their prevailing
operational status, some ARIEs could react faster than others in implementing remote-access protocols for COVID-19
research. Generally, critical services not requiring user access, such as deuterium-labelling and crystallisation plat-
forms, were made available as soon as considered safe. But while the emergency situation highlighted the strengths
of the ARIES — such as their immediate response to the needs of sectorial research, and their flexibility to adapt to
extraordinary working conditions while maintaining essential operations and scientific progress — it also exposed a
number of weaknesses. In particular, while remote access to facilities for macromolecular crystallography (MX) is
relatively well-established, it is not so for related areas of science such as medicine and biomedicine. Issues that will
have to be addressed in the near future to implement or improve inter-facility remote access to non-MX, and in some

cases MX-based, ARIEs technologies in these scientific communities include:
e potential re-developments of beamlines and processes;

e further development of critical sample-preparation facilities, such as deuterium-labelling and crystallisation plat-

forms, to enable a rapid response to new research targets;
e greater degrees of automation; i.e. more robotics and standardised sample environments, where possible;
e standardised holders to enable shipping and straightforward robotic mounting of samples;
e development/improvement/standardisation of data acquisition, analysis and management software;
e development and enhancement of workflows;
e computational support and cybersecurity;
e access to the facilities themselves, particularly the rethinking of scheduling processes and culture;
e training of users in remote-access protocols, including transport of samples to/from ARIES.
e increasing staff resources

c. User Support
The operation of ARIEs during the pandemic has also highlighted the need to provide enhanced levels of staff-assis-
tance in experiments. This is particularly the case for experiments with non-standard set-ups, and for those which
cannot be efficiently carried out currently via remote control. Communication and interaction with users were inevita-
bly strongly hampered by the extraordinary working conditions. The immediate response to the emergency included
the rapid set-up of a number of tools for interaction between facility operators and users (video conferences, remote
offices, etc). Again, despite being effective and mostly very efficient, however, these tools could not:
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e e an equal substitute for face-to-face interactions, in particular when breakthroughs were targeted;

e allow teams within large international collaborations to share their specific technologies and know-how as effec-

tively as they could on site;

e solve complex experimental issues as fast, and thereby ensure the same chance of experimental success, as

when there was physical proximity;

e share workloads, diverse experiences and expertise as users do on site, to promote positive, creative and inno-

vative outcomes;

e guarantee the same pool of available candidates for staff positions, as users, and particularly young scientists,

were not closely involved with facility operations.

Out of every crisis, however, there is a new opportunity for growth and innovation. The ARIEs’ working group is
committed to view these exceptional times as such an opportunity. Already possible solutions have been identified,
such as the development of new operational tools for remote access, the standardisation of hardware and software,
including communication tools, and the establishment and codification of protocols to allow safe user access to the

facilities as soon as travel is possible.
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3. ACHIEVEMENTS

The global race for detection, widely available testing and diagnostic tools, as well as a vaccine and therapeutics for
COVID-19, requires more than genetic information. Modern analytical tools found at the ARIES such as synchrotron X-ray
radiation, cryo-electron microscopy and neutron scattering are required to gain atomic-level information about a virus's
structure and functionality; in turn, they shed light on its biological and physiological processes, such as its adhesion to
human target cells and its replication at a molecular level. Determining the atomic-level structure and function of a virus,

therefore, is one of the first lines of investigation for the development of therapies.

Indeed, the combined use of X-ray/neutron crystallography and cryo-electron microscopy/tomography provides an atom-
ic-level insight not only into the structures of individual viral proteins, but also into higher-order protein-protein complexes,
which are crucial to the life cycles of viruses and other pathogens. Disrupting the mechanisms of action of individual
proteins or the formation of higher-order protein-protein complexes with pharmaceutical drugs is one possible route for
the therapeutic treatment of pandemic diseases. For this reason, researchers are seeking structural information on com-

plexes of drug-targets and potential inhibitors, to speed up the process of drug and vaccine development for COVID-19.

Major discoveries on the SARS-CoV-2 structure performed by European groups in the ARIEs have been released in high
impact scientific journals, and shared with the scientific and medical community, since the beginning of the COVID-19
crisis. For example, cryo-electron microscopy allowed the determination of the structure and the dynamics of the SARS-
CoV-2 “spike” protein that anchors the virus to the surface of a human cell. These studies revealed an unexpected
flexibility in the spike, which might help the virus scan the cell surface in search of a receptor for entry. Meanwhile, X-ray
crystallography revealed the conformation of several so-called non-structural proteins, including key enzymes involved
in the virus’s replication. The structure of the virus was studied via isolated viral particles, but also directly within infected
cells by cryo-electron tomography, which yields 3D views of a cell’s architecture at molecular resolution. In addition, this
technique was used to characterise in depth the path the virus takes within cells, and understand its mode of entry and
the mechanisms underlying its release into the cell milieu. These are important data, because blocking the adhesion or
the entry of the virus within cells is another of the potential therapeutic routes — for instance with drugs inhibiting the

function of the spike protein or its receptor.

The non-structural proteins of viruses that participate in the “capping” of viral RNA/DNA to its functional form, as well as
the host-cell enzymes that perform key steps in the synthesis of the nucleotides required for viral replication, are also of
great relevance for therapeutic defence strategies, such as antiviral drugs. Here again, the complementary use of X-ray/
neutron crystallography and cryo-electron microscopy, uniquely available at the ARIES, will prove vital in providing the

necessary high-resolution structural information.

In infected patients, viral antigens trigger the generation of antibodies, which can mark the virus for destruction by the
immune system. Some of these antibodies can directly interfere with the life cycle of the virus, usually by binding to
proteins involved in cell entry or replication. These antibodies are highly relevant for the development of a vaccine or an
antibody-based therapy.
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Identifying these antibodies, therefore, is yet another major therapeutic route. Several antibodies neutralising SARS-
CoV-2 have been identified in the blood serum of infected patients in recent months. X-ray crystallography and
cryo-electron microscopy could then be used to determine their 3D structure when bound to the viral proteins, in
order to identify, in high resolution, the structural motif the antibodies recognise. This information is of utmost impor-
tance to understand the action of the antibody and whether it represents a promising target for further therapeutic
investigation. It may also reveal those parts of the virus which are crucial for its infection, and which could be targeted

via conventional drug development.

Finally, a campaign of measures to address the efficacy of antiviral drugs such as chloroquine, whose efficacy against
COVID-19 is much discussed and controversial, is currently being carried out by an international team of experts at
the FERMI free-electron laser, supported by complementary experiments at the Elettra synchrotron. A recent paper
has also proposed the application of high-energy heavy-ion beams to inactivate SARS-CoV-2 virus particles with
small damage to their spike proteins, to provide an intact virion for vaccine development (https://www.frontiersin.org/
articles/10.3389/fphy.2020.565861/abstract).

Several examples of these above-mentioned key achievements are detailed in APPENDIX A.
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4. OUTLOOK

The upcoming HE programme makes it possible to foster unique new initiatives at a European level. The ARIES host the
most sophisticated analytical technologies in Europe for analysing the pathology of viral and microbial infection at all
length scales. X-ray/neutron crystallography, single-particle electron-microscopy and advanced laser technologies are
optimally suited for guiding drug development, antiviral discovery and vaccine optimisation. Moreover, lasers are excel-
lent tools for remote and in-field sensing in various environments. The increased coherence of X-ray beams available at
current and future fourth-generation synchrotron sources will revolutionise X-ray imaging and fluorescence-microscopy
techniques, allowing us to see the effects of a SARS-CoV-2 infection from a tissue to a molecular level. Moreover, the in-
creased brilliance of the X-ray beams will massively boost the throughput of structure-based drug-design programmes,
as well as the determination of the molecular structures and other characteristics of lead compounds and other potential
antiviral drug candidates. Neutron scattering techniques offer unique and complementary insights into the underlying
molecular mechanisms of infection, detection, treatment and prevention under physiological conditions, and are, thanks
to deuterium-isotope labelling, particularly strong probes of the complex molecular assemblies that permit virus entry
into host cells. lon-irradiation facilities will also contribute to the detection and prevention of viral threats. High energy
heavy-ion beams can provide inactivated viruses such as SARS-CoV-2 for vaccine development. lon-track nanotechnol-
ogy creates single-pore membranes for the development of rapid and highly sensitive virus sensors. Etched ion-track
membranes with multiple pores and carefully designed geometries can form the basis of effective viral filtration solutions
to help prevent outbreaks during pandemic situations. Complementary use of X-ray/neutron crystallography, X-ray/neu-
tron scattering techniques and cryo-electron microscopy/tomography provide the structural details of processes at the
molecular and atomic levels needed to understand the interaction of the virus with host cells — details that could lead to

the identification of new therapeutic targets.

The ARIEs aim to make these large-scale research and operational efforts sustainable, learning from the experience
gained during the COVID-19 crisis, to address current and future pandemics. They will continue to exploit and develop
all these new ideas and technologies to offer effective solutions to the challenges posed by viral threats. For this, ade-
quate funding schemes are necessary to (i) enable the facilities to continue to develop their preparedness for pandemics
and remote operation, and (i) establish and intensify networking activities and support for research within the health

sciences.
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5. CONCLUSIONS

The ARIEs represent the widest and most mature set of research infrastructures in the world. Supporting a growing com-
munity of some 40,000 researchers across Europe, and indeed the globe, they bridge scientific disciplines, academia
and industry, and function as multi-faceted science and technology enablers. They have already demonstrated that they
are able to stand together to confront societal challenges such as cancer and COVID-19. Their unique capabilities, skills
and cultures — often reflected in their position on the ESFRI Roadmap — are critical to the analytics and characterisation

of Viral and Microbial threats.

Despite the large contributions of the ARIES to understanding the molecular basis of infections induced by SARS-CoV-2,
we still have to find ways of mitigating the huge economic impact of COVID-19 and other pandemics. One possibility is
the real-time screening of people and buildings. A fast, reliable, sensitive, low-cost and non-intrusive measurement for
pathogens would allow large numbers of people to be tested when they go to work, dine at restaurants, attend events,
and so on. While existing polymerase chain reaction (PCR) tests are fairly reliable, they are still too intrusive for routine
screening, and there will always be a delay of at least several hours between taking a sample and obtaining its results.
Costs, too, are still prohibitive for real mass screenings. To mitigate the economic impact of any major microbial health
challenge in the future, new screening technology would probably need to employ light or magnetic fields for detection
in real time; moreover, it would need to be scalable and applicable to other pathogens. With their outstanding record of
technology development, we believe that the ARIES are in an ideal situation to lead or support the development of such

technology, in collaboration with the biomedical community.

This paper has given a taste of the wide-ranging capabilities available at the ARIEs, and the kind of advanced experiments
and measurements that they can perform, to fight crises such as COVID-19. It has also described the kind of measures
necessary to prepare for future microbial challenges. More capabilities will arise, especially as new generations of the
ARIE facilities are constructed or upgraded. The ARIE Viral Threat approach will promote the integration of the Research

Infrastructure ecosystem, and develop joint services that target complex research questions in crisis situations.
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APPENDIX A

SOME EXAMPLES OF ARIEs KEY ACHIEVEMENTS

The crystal structure of the SARS-CoV-2 papain-like protease in complex with a non-co-
valent inhibitor

An example of active, on-going research for the development of anti-SARS-CoV-2 therapeutics relates to viral proteases. In
the host cell the proteins essential to the life cycle of SARS-CoV2, as well as of many other viral pathogens, are expressed
as a polyprotein, which has to be processed by viral and host proteases to produce the individual viral proteins. If the cleav-
age is inhibited by, for example, an anti-retroviral drug, then the machinery of virus replication is blocked. For the treatment
to be efficient this inhibition has to be robust — that is, the drug should bind to the protease strongly. In this way there is
an increased likelihood that treatments will be effective in the long run, despite mutations of the enzyme. High-resolution
structural information on the proteases will help in the design of drug molecules inhibiting them. Here, X-rays have already
delivered, on both the main and “papain-like” proteases of SARS-CoV-2, and efforts are underway to obtain suitable crystals
of the main protease for neutron crystallography, which will provide complementary details about its hydrogen atoms — crit-
ical players in the binding of proteases to drug molecules.

The X-ray work was led by scientists from the Goethe University in Frankfurt am Main, Germany, using the macromolecular
crystallography beamline XO6SA-PXI at the Swiss Light Source (SLS), following the synchrotron’s ,Priority COVID-19 call”.
As an example of the reactivity of the ARIES to the COVID-19 pandemic, the SLS cancelled its planned Easter shutdown for
this specific experiment’s diffraction data to be collected. The papain-like protease is required for the processing of viral pol-
ypeptides and the assembly of new viral particles within human cells. In addition, SARS-CoV-2 uses the enzyme to dampen
the host’s anti-viral immune response for its own benefit, so that it can easily multiply and spread further. The researchers
demonstrated that pharmaceutical targeting of the papain-like protease by a non-covalent inhibitor (GRL-0617) blocks the

virus’ spread and increases anti-viral immunity in human epithelial cells, the prime site of pathogen entry.
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The three-dimensional structure of the SARS-CoV-2 papain-like protease (pink) in complex with the non-covalent
inhibitor GRL-0617 (green) (Shin et al. 2020)
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Details of neutralising antibody binding to the SARS-CoV-2 spike protein

Antibodies that can block the binding of the SARS-Cov-2 virus to the human receptor ACE2 have been used to treat
critically ill patients, for example via blood-plasma transfusion from COVID-19 survivors. There is also evidence that
antibody therapy can prevent serious symptoms from developing when administered before an individual is infected.
A new study by a group at a hospital in Taiwan using the Electron Bio Imaging Centre (eBIC) at the Diamond Light
Source synchrotron facility in the UK identified new antibodies called EYBA from a convalescent patient that could
create a real potential for a new drug target, because they bind tightly to the receptor-binding domain (RBD) of the
viral spike glycoprotein. In synergy with ACE2 blocking antibodies, these new antibodies could neutralize SARS-CoV-2

more strongly.

B)

A) EM structure of the SARS-CoV-2 spike—EYGA Fab complex: side (a) and top (b) views showing three EY6A Fabs
bound to the spike. B) A ribbon diagram of the 2.6A X-ray crystal structure of the RBD (magenta) — EYBA (red/blue)
— Nb (orange) ternary complex, with ACE2 (cyan) modelled in (cyan). (Zhou et al. 2020)

Structure of the non-structural protein Nsp10 involved in viral RNA capping during SARS-
CoV-2 replication

To find an efficient drug that prevents SARS-CoV-2 from causing COVID-19, one important goal is to understand

how to block the virus from replicating its genomic material. There are several proteins involved in the stages of RNA

replication, viral-RNA proofreading and the protection of viral RNA by RNA-capping. An international collaboration
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between the UK’s UCL School of Pharmacy, Lund University’s Lund Protein Production Platform and the ESS’s Deu-
teration and Macromolecular Crystallisation (DEMAX) Laboratory has initiated biophysical and structural studies of
three non-structural proteins of SARS-CoV-2, and recently succeeded in producing crystals of one of these proteins,
Nsp10. The data was collected remotely via rapid access to the BioMAX beamline at the MAX IV synchrotron in Lund
to approximately 2.6 A resolution. A key part of the work is to establish the crystallisation conditions that will enable

high-throughput, fragment-based screening for small, novel molecular inhibitors that block the viral replication cycle.

Ribbon representation of the first 2.6 A X-ray crystal structure of a non-structural protein, Nsp10, which participa-
tes in viral-RNA capping during SARS-CoV-2 replication, as determined at the MAX IV synchrotron.

ARIEs provide new insights into COVID-19 lung tissue

In addition to the structural insights that will ultimately lead to the development of anti-SARS-CoV-2 therapeutics,
the techniques available at the ARIEs are contributing to an understanding of the physiopathology of the virus. Here,
researchers at the University of Gottingen, together with pathologists and lung specialists at the Medical University of
Hannover, have developed a three-dimensional imaging technique that provides a high-resolution and three-dimen-
sional representation of lung tissue damaged following severe cases of COVID-19. Using a special X-ray microscopy
technique at DESY’s high-brilliance X-ray source PETRA Ill, the researchers were able to image changes caused by
the coronavirus in the structure of the alveoli (the tiny air sacs in the lung) and the vasculature. The results of the

study have been published in the open-access journal eLife.
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Sections through the three-dimensional reconstruction volume (upper left, grey) around a pulmonary alveolus sur-
rounded by a “hyaline membrane” of dead cells (lower left, yellow). On the right, the images are superimposed. In
the centre is the air bubble (alveolus). The electron density is represented by different shades of grey. The hyaline
membrane, which the new method can represent as a three-dimensional structure for the first time, reduces gas
exchange in the lungs and leads to respiratory distress. Credit: University of Gottingen, (M. Eckermann/T. Salditt
2020)

Meanwhile, the exceptional coherence provided by the newly upgraded ESRF-EBS synchrotron in Grenoble has all-
owed X-ray phase-propagation techniques to image large tissue samples, — in particular whole human organs, such
as COVID-19-afflicted lungs — at near-micron resolution. This unprecedented capability means that scientists will be
able to image, in a single experiment, the entire tower of a disease’s ramifications, from the anatomical down to the

cellular level (manuscripts in preparation).
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European Magnetic Field Laboratory (EMFL) @@€€

European Magnetic Field Laboratory

emfl.eu
High Field Magnet Laboratory - HFML www.ru.nl/hfml The Netherlands
Hochfeld-Magnetlabor Dresden -HLD www.hzdr.de Germany

Laboratoire National des Champs Magné- .
. Incmi.cnrs.fr France
tiques Intenses - LNCMI

Centre National de la Recherche Scienti-

www.cnrs.fr France
fique — CNRS
University of Oxford www.ox.ac.uk United Kingdom
Forschungszentrum Jiilich www.fz-juelich.de Germany

. www.uantwerpen.be/en/re- .
EMAT at University of Antwerp Belgium
search-groups/emat

CNR www.cnr.it Italy
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INSPIRE

protonsinspire.eu

The Christie NHS Foundation Trust (CHRIS)

Academisch Ziekenhuis Groningen (UMCG)

Universite De Namur Asbl (UNamur)

The Henryk Niewodniczanski Institute of

Nuclear Physics, Polish Academy of Scienc-

es (IF) PAN)

Nuclear Physics Institute of the CAS v.v.i.
(NPI-CAS)

Paul Scherrer Institut (PSI)

Aarhus Universitet (AU)

Technische Universitaet Dresden (TUD)

Institut Curie (10)

The SKANDION Clinic (SKANDION)

Varian Medical Systems Particle Therapy
GmbH (VARIAN)

GSI| Helmholtzzentrum fiir Schwerionen-
forschung (GSI)

Lietuvos Sveikatos Mokslu Universitetas
(LSMU)

lon Beam Applications SA (IBA)

Internet-Simulation Evaluation Envision
(ISEE)

www.christie.nhs.uk

www.umcg.nl

www.unamur.be/asbl

www.ifj.edu.pl

www.ujf.cas.cz

www.psi.ch

www.au.dk

tu-dresden.de

www.eu-libra.eu/institutions/ic-in-
stitut-curie

skandionkliniken.se

www.varian.com

www.gsi.de

[smuni.lt

iba-worldwide.com

www.i-seecomputing.com

— 22 —

1. InspireProject

United Kingdom

The Netherlands

Belgium

Poland

Czech Republic

Switzerland

Denmark

Germany

France

Sweden

Germany

Germany

Lithuania

Belgium

Italy


https://protonsinspire.eu/
https://www.christie.nhs.uk/
https://www.umcg.nl/
https://www.unamur.be/asbl
https://www.ifj.edu.pl/en/
http://www.ujf.cas.cz/en/
https://www.psi.ch
https://www.au.dk/
https://tu-dresden.de/
https://www.eu-libra.eu/institutions/ic-institut-curie
https://www.eu-libra.eu/institutions/ic-institut-curie
https://skandionkliniken.se/en/
https://www.varian.com/
https://www.gsi.de
https://lsmuni.lt/
https://iba-worldwide.com/
http://www.i-seecomputing.com/

Laserlab-Europe

www.laserlab-europe.eu

Centre for Advanced Laser Techniques -
CALT

Centre Lasers Intenses et Applications -
CLIA

Centre d’Etudes Scientifiques et Tech-
niques d’Aquitaine - CESTA

Central Laser Facility, Rutherford Appleton
Laboratory - CLF

Coimbra Laser Lab - CLL

Centro de Laseres Pulsados - CLPU

Center for Ultrafast Lasers at UCM

Centre for Ultrafast Science and Biomedical

Optics - CUSBO

National Agency for New Technologies,

Energy and Sustainable Economic Develop-

ment — ENEA-ABC

FELIX Laboratory, Radboud University
Nijmegen

FERMI lightsource, Elettra-Sincrotrone
Trieste S.C.p.A

GSI Helmholtzzentrum fiir Schwerionen-
forschung

Helmholtz Institute Jena

Hilase

Helmholtz-Zentrum Dresden Rossendorf

The Institute of Photonic Sciences

Institute of Experimental Physics

International Laser Centre

calt.ifs.hr

www.celia.u-bordeaux.fr

www-dam.cea.fr/cesta

www.clf.stfc.ac.uk

www.uc.pt/en/uid/laserlab

www.clpu.es

www.ucm.es/ulc

www.fisi.polimi.it/en/research/euro-

pean_facility/cusbo

efrosf.frascati.enea.it/ife/abc.html

www.ru.nl/felix

www.elettra.eu/lightsources/fermi.
html

www.gsi.de

www.hi-jena.de

www.hilase.cz

www.hzdr.de

www.icfo.eu

www.tugraz.at/en/institutes/iep

www.ilc.sk

)
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Laserlab-Europe

www.laserlab-europe.eu

National Institute for Laser, Plasma and
Radiation Physics

Leibniz-Institut fiir Photonische Technolo-
gien - IPH

Institute of Plasma Physics and Laser
Microfusion - IPPLM

Institut des Sciences Moléculaires d’Orsay
(ISMO/LIXAM) - ISMO

Instituto Superior Técnico, Group for Lasers
and Plasmas - IST

Lausanne Centre for Ultrafast Science -
LACUS

Institute for Lasers, Life and Biophotonics
Amsterdam - LaserLaB Amsterdam

Danish Center for Laser Infrastructure

Laboratorio Europeo di Spettroscopie Non
Lineari

Laboratoire Interactions, Dynamiques et
Lasers, Saclay Laser-Matter Interaction
Center - CEA

Lund Laser Centre, Lunds Universitet

Nanoscience Center, University of Jyvaskyla

Laboratoire d’Optique Appliquée - LOA

Laboratoire Lasers, Plasmas et Procédés
Photoniques — LP3

Laboratoire pour 'Utilisation des Lasers
Intenses

Max Born Institute for Nonlinear Optics and
Short-Pulse Spectroscopy - MBI

Max Planck Institute of Quantum Optics -
MPQ

www.inflpr.ro

www.leibniz-ipht.de

www.ifpilm.pl

www.ismo.u-psud.fr

www.ipfn.tecnico.ulisboa.pt

lacus.epfl.ch

www.laserlab.vu.nl

laserlab.dk

www.lens.unifi.it

iramis.cea.fr/slic

www-lc.fysik.lth.se

www.jyu.fi/science/en/nanosci-
ence-center

loa.ensta-paristech.fr

www.lp3.univ-mrs.fr

portail.polytechnique.edu/luli

www.mbi-berlin.de

www.mpg.mpg.de
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Laserlab-Europe
Laserlab
www.laserlab-europe.eu Europe

Military University of Technology, Institute
of Optoelectronics — MUT-IOE

www.ioe.wat.edu.pl Poland

awe.co.uk/what-we-do/nuclear-war-
ORION heads-lifecycle/science/understand- United Kingdom
ing-plasma-physics/orion

Prague Asterix Laser System, Institute of

. www.pals.cas.cz Czech Republic
Physics
Department of Quantum Electronics -Sofia o .
. . quantum.phys.uni-sofia.bg Bulgaria
University
University of Strathclyde - STRATH phys.strath.ac.uk United Kingdom
Institute of Electronic Structure and Laser,
Ultraviolet Laser Facility, Foundation for www.iesl.forth.gr Greece
Research and Technology-Hellas
Laser Centre of the University of Latvia - .
www.lasercentre.lv Latvia
ULLC
Department of Physics, University of
www.physx.u-szeged.hu Hungary
Szeged
Quantum Electronics Department and . .
o . . www.lasercenter.vu.lt Lithuania
Laser Research Center, Vilnius University
Wigner Research Centre for Physics wigner.mta.hu Hungary

League of European Accelerator-based Photon Sources (LEAPS)

League of European
Accelerator-based
Photon Sources

leaps-initiative.eu

ALBA Synchrotron www.albasynchrotron.es Spain
Deutsches Elektronen-Synchrotron DESY www.desy.de Germany
Diamond Light Source www.diamond.ac.uk United Kingdom
Elettra — Sincrotrone Trieste S.C.p.A. www.elettra.eu Italy

European Synchrotron Radiation Facility
ESRF

www.esrf.eu France

EuropeanXFEL www.xfel.eu Germany
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League of European Accelerator-based Photon Sources (LEAPS)

leaps-initiative.eu

FELIX Laboratory

Helmholtz-Zentrum Berlin fiir Materialien
und Energie HZB

Helmholtz-Zentrum Dresden-Rossendorf
HZDR

INFN — Laboratori Nazionali di Frascati

ISA - Centre for Storage Ring Facilities
Department of Physics and Astronomy

MAX IV

Paul Scherrer Institut - PSI

Physikalisch-Technische Bundesanstalt
Willy-Wien-Laboratorium - PTB

Narodowe Centrum Promieniowania Syn-
chrotronowego - SOLARIS

Synchrotron SOLEIL

www.ru.nl/felix

www.helmholtz-berlin.de

www.hzdr.de

home.infn.it

www.isa.au.dk

www.maxiv.lu.se

www.psi.ch

www.ptb.de

synchrotron.uj.edu.pl

www.synchrotron-soleil.fr

League of advanced European Neutron Source (LENS)

www.lens-initiative.org/budapest-neutron-centre-bnc

Budapest Neutron Centre (BNC)

European Spallation Source (ESS)

Forschungszentrum Jiilich (FZJ)

Heinz Maier-Leibnitz Zentrum (MLZ)

Institute for Energy Technology (IFE)

Institut Laue-Langevin (ILL)

ISIS Neutron and Muon Source

Laboratoire Léon Brillouin (LLB)

Paul Scherrer Institut (PSI)

www.bnc.hu

europeanspallationsource.se

www.fz-juelich.de

mlz-garching.de

ife.no

www.ill.eu

www.isis.stfc.ac.uk

www-llb.cea.fr

www.psi.ch
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RADIATE

www.ionbeamcenters.eu

Atomki - Magyar Tudomanyos Akademia Atom-
magkutato Intezete

Centre National de la Recherche Scientifique —
CNRS

e CIMAP

e INSP

Centro de Micro-Anélisis de Materiales (CMAM)
Universidad Auténoma Madrid (UAM)

Centro Nacional de Aceleradores (CNA)

Costruzioni Apparecchiature Elettroniche Nucleari
S.p.A.

Eidgendssische Technische Hochschule Zirich -
ETH Ziirich

GSI Helmholtz Centre for Heavy lon Research

Helmholtz-Zentrum Dresden-Rossendorf HZDR

Interuniversitair Micro-Electronica Centrum - IMEC

Istituto Nazionale di Fisica Nucleare - INFN

Orsay Physics SA

lonoptika Ltd.

lonplus AG

Instituto Superior Tecnico - IST

Institut Jozef Stefan - JSI

Jyvaskylan Yliopisto - JYU

Katholieke Universiteit Leuven Leuven

Ruder Boskovic Institute -RBI

University of Surrey

Universitdt der Bundeswehr Miinchen - Uni BWM

University of Vienna

www.atomki.hu

www.cnrs.fr

www.Cmam.uam.es

Wwww.cna.us.es

www.caen.it

www.ethz.ch

www.gsi.de

www.hzdr.de

www.imec-int.com

home.infn.it

www.orsayphysics.com

www.ionoptika.com

www.ionplus.ch

tecnico.ulisboa.pt

WWW.ijS.Si

www.jyu.fi

fys.kuleuven.be/iks

www.irb.hr

www.surrey.ac.uk/ion-beam-centre

www.unibw.de

physik.univie.ac.at
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