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CORONA
RESEARCH.

The corona crisis also poses enormous challenges for 

science: New findings and concrete solutions for the SARS-

CoV-2 pathogen are required within a very short time. 

DESY's X-ray light sources are ideal tools for studying the 

virus and possible drugs at the molecular level. 

Following you will learn about some highlights how 

researchers from DESY and its (campus) partners are 

contributing to the growing body of research and 

developments. 
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AGAINST SARS-COV-2
Highlights from Corona related research and activities at DESY

Drug Screening at 

DESY‘s x-ray lightsource 

PETRA III

Lung Tissue in 3D

Taking medicine –

the right way

DESY’s X-ray source 

PETRA III points 

possible ways to better 

RNA vaccines

Research team at 

Universität Hamburg and 

DESY works on new 

COVID-19 rapid test 

Synthetic mini-antibody 

might stop coronavirus
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DESY X-RAY LIGHTSOURCE IDENTIFIES PROMISING CANDIDATES 
FOR COVID DRUGS

Corona Research at DESY1

Electron density map of the most antiviral active ingredient calpeptin 

(yellow) binding at the main protease. Credit: DESY, Sebastian Günther

Existing active substances bind to key virus protein. 

A team of researchers has identified several candidates for 

drugs against the coronavirus SARS-CoV-2 at DESY´s high-

brilliance X-ray lightsource PETRA III. They bind to an 

important protein of the virus and could thus be the basis for a 

drug against Covid-19. In a so-called X-ray screening, the 

researchers, under the leadership of DESY, tested almost 

6000 known active substances that already exist for the 

treatment of other diseases in a short amount of time. After 

measuring about 7000 samples, the team was able to identify 

a total of 37 substances that bind to the main protease (Mpro) 

of the SARS-CoV-2 virus, as the scientists report online today 

in the journal Science. Seven of these substances inhibit the 

activity of the protein and thus slow down the multiplication of 

the virus. Two of them do this so promisingly that they are 

currently under further investigation in preclinical studies. This 

drug screening – probably the largest of its kind – also 

revealed a new binding site on the main protease of the virus 

to which drugs can couple.

DOI: 10.1126/science.abf7945

https://science.sciencemag.org/lookup/doi/10.1126/science.abf7945
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Virtual 3D histology of a lung tissue (size approximately 4 x 4 x 4 mm³) 

affected by severe consequences of Covid19 disease. 

PETRA III PROVIDES NEW INSIGHTS INTO COVID-19 LUNG TISSUE

Lung Tissue in 3-D

The lung disease Covid-19 causes massive damage to lung 

tissue in patients with severe courses of the disease. A team 

of researchers at DESY is analyzing tissue samples from 

human lungs using the X-ray light from PETRA III. The 

brilliant X-ray light makes it possible to examine small lung 

capillaries and alveolar walls in three dimensions. In their 

scans, the researchers discovered significant structural 

changes in the tissue due to Covid 19 disease.

Corona Research at DESY2

Sections through the three-dimensional reconstruction volume (upper left, 

grey) around a pulmonary alveolus with hyaline membrane (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. On the inside of the air bubble is a layer of proteins and dead cell 

residues, the 'hyaline membrane'. This deposit, which can be represented 

in its three-dimensional structure for the first time by the new method, 

reduces the gas exchange and leads to respiratory distress. Credit: 

University of Göttingen, M. Eckermann/T. Salditt



Page 5

Artistic representation of the coronavirus SARS-CoV-2 (Image: DESY / Science Communication Lab) 

SYNTHETIC MINI-ANTIBODY MIGHT STOP CORONAVIRUS

Scientists identify promising candidate to combat COVID-19

By screening hundreds of synthetic mini-antibodies called sybodies, a group of scientists has identified one that might stop SARS-

CoV-2 from infecting human cells. Using DESY’s X-ray light source PETRA III, the team could unravel how the sybody interacts with 

the virus. EMBL Hamburg’s Christian Löw group searched through the existing libraries to find sybodies that could block 

SARS-CoV-2 from infecting human cells. First, they used the viral spike protein’s RBDs as bait to select those sybodies

that bind to them. Next, they tested the selected sybodies according to their stability, effectiveness, and the precision of 

binding. Among the best binders, one called sybody 23 turned out to be particularly effective in blocking the RBDs.

Corona Research at DESY3
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Here, innovative medication is put under the microscope: Sample area of 

measuring station P03 at PETRA III.

TAKING MEDICINE – THE RIGHT WAY

A project at PETRA III investigates new ways of administering drugs such as possible 
coronavirus treatments

At DESY's research light source PETRA III, a team of researchers from Germany and Sweden is looking for innovative methods to

deliver very precisely dosed drugs to patients against diseases such as covid-19. Many of the current candidates for potential 

corona drugs have severe side effects. The study aims to find new delivery methods so that the drugs can be taken by patients at

exactly the ideal concentration.

The German-Swedish team wants to tackle the root of this problem and has been investigating a new approach to manufacturing 

and administering drugs in very low doses at the PETRA III beamline P03. The researchers are pursuing a number of different 

objectives with their project. On the one hand, they want to use the ultra-fine X-ray beam to find out how a finely controlled dose of 

an active ingredient can be uniformly applied to a carrier – a basic prerequisite for determining the exact dose administered. 

Corona Research at DESY4
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Cristina Sala/BioNTech

Corona Research at DESY5

RNA packaging and delivery

The Mainz-based biotech company BioNTech, which recently 

presented the first promising results for a coronavirus vaccine 

together with the US company Pfizer, is already conducting 

research on the next generation of RNA drugs at DESY’s X-

ray source PETRA III. Using the P12 beamline, operated by 

the European Molecular Biology Laboratory EMBL, BioNTech 

has been investigating, together with the Universities of 

Mainz, Tel Aviv and Leiden as well as the Research Centre 

Jülich and EMBL, how so-called messenger RNA (mRNA) 

can be packaged better so as to be more effective in the 

target organism. 

Goal of this research is to develope the new generation of 

mRNA vaccines with enhanced transfection efficiency and 

overall effectiveness of the vaccine.

DESY X-RAY LIGHTSOURCE IDENTIFIES PROMISING 
CANDIDATES FOR COVID DRUGS
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RELIABLE RAPID TESTING

Detection of single viral RNA molecules

A project to develop a rapid test is being carried out in cooperation with the Center for Hybrid Nanostructures (CHyN) at the University of 

Hamburg and the Institute for Medical Microbiology and Virology at the University Medical Center Hamburg-Eppendorf. Such a rapid test could 

also be used for other diseases, as well as for the early detection of tumors, for example. It is validating technology for detecting the RNA of 

SARS-CoV-2 to develop a portable device that allows testing outside a research laboratory. The underlying method differs from the lab based 

PCR (polymerase chain reaction) tests or the antigen tests, which are used for rapid testing and promises more accurate results.

Corona Research at DESY6



Deutsches Elektronen-Synchrotron DESY

A Research Centre of the Helmholtz Association

DESY is one of the world’s leading accelerator centres. Researchers 

use the large-scale facilities at DESY to explore the microcosm in all its 

variety – from the interactions of tiny elementary particles and the 

behaviour of new types of nanomaterials to biomolecular processes that 

are essential to life. The accelerators and detectors that DESY develops 

and builds are unique research tools. The facilities generate the world’s 

most intense X-ray light, accelerate particles to record energies and 

open completely new windows onto the universe. More info: 

www.desy.de

Detailed information about DESY’s research activities against the 

Coronavirus-pandemic can be found here: 

https://www.desy.de/news/corona_research

DESY is also leading member of LEAPS (the League of European 

Accelerator-based Photon Sources). https://leaps-initiative.eu/
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INTRODUCTION

OHB System AG, a subsidiary of European space 

and technology group OHB SE, has conducted a 

study to examine the protective effect of cleanroom 

clothing commonly used in cleanrooms for satellite 

production against surface interaction with po-

tentially infectious droplets. The ultimate goal is to 

prevent potentially contagious aerosol droplets from 

sticking and penetrating the protective clothing. The 

study was carried out in cooperation with Dastex 

Reinraumzubehör GmbH & Co. KG, Krüss GmbH, 

Deutsches Elektronen-Synchrotron DESY, Helm-

holtz-Zentrum Hereon, Volume Graphics GmbH,  

and Quality Analysis GmbH as well as the Institut 

Laue-Langevin in Grenoble/France for neutron ima-

ging. The combination of different methods showed 

a consistent picture on the repelling effect of the po-

lytetrafluoroethylene (PTFE) treated textiles. The test 

results show as well the potential for quality control, 

further textile optimization and indicators for aging 

for example through washing.  It was shown that 

the selected analytical methods provide quick and 

useful information to study the interaction of droplets 

and textiles, act as tool for systematic improvements 

and to check the quality and potential degradation. 

The know-how was then used to demonstrate the 

consistent repelling effect of PTFE modified reusable 

cleanroom textile after 120 washing cycles without 

any detectable performance degradation. In addi-

tion, the study provided insights into other aspects 

such as wearing comfort, eco balance and supply 

chain logistics.

CHALLENGE

Satellites are manufactured in a strictly cont-

rolled environment that may only be entered in 

special protective clothing to prevent contami-

nation of sensitive components by humans. In 

view of the global coronavirus pandemic and 

the resulting shortage of suitable protective clo-

thing for medical, nursing staff and caregivers, 

the aforementioned partners have been working 

together to investigate whether reusable, PTFE 

treated cleanroom clothing is also suitable for 

protecting frontline workers from harmful influ-

ences and especially from infectious droplet 

cross contamination. This case study focuses 

on the achievements to develop a scientific 

evaluation method for surface droplet interac-

tion. 

Protective effect of treated cleanroom
clothing against infectious droplets
A path to sustainable protective textiles for the healthcare sector
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In order to show that cleanroom clothing offers 

protection against droplet infection and does not 

lose its protective properties even after 120 washing 

cycles, it was investigated how droplets emitted by 

humans behave on different textile surfaces. OHB, 

Dastex and Krüss received support in carrying out 

the measurements from Quality Analysis GmbH and 

the working group of the Helmholtz-Zentrum Hereon 

at DESY, in Hamburg. Volume Graphics GmbH was 

responsible for the DESY data processing. As a 

substitute for real saliva drops, droplets of ultrapure 

water of appropriate size (100 µm) were used. These 

were applied to the different textile surfaces within 

controlled lab conditions and imaging using visible 

light, synchrotron x ray and neutron probes were 

performed. 

The shape of the droplet, the contact between dro-

plet and textile and the droplet textile grid structure 

were the interesting parameters in static conditions 

and as function of time. Based on drop shape and 

saturation of the textile another key information is 

the lifetime of the droplet. In more detail the chemi-

cal interaction between the textile and the drop can 

be studied on the contact angle.  

From the shape of the droplet, the contact angle and 

the onset of drop to surface plus mesh information 

of the textile protection aspects can be compared. 

This includes a study of the penetration and evapo-

ration behavior available from the raw data. 

At the synchrotron light source PETRA III at DESY, 

the scientists from the Helmholtz-Zentrum Hereon 

contributed to the measurement with high resolution 

data in 3D. By the means of the non-destructive, 

brilliant beam the textile structure became visible. 

This is essential for the data interpretation and sub-

sequent optimization. The high-resolution computer 

tomographic data can validate even small droplets 

diffusing in and through the tissue samples. The 

tomography provided the three-dimensional infor-

mation plus a detailed view on the textile structure.

METHOD

Imaging from the measurements: The drops remain spherical on the textile surface at a contact angle of 140° and hardly adhere to it  
(Images: research consortium)
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KEY BENEFITS AT A GLANCE 

• Modified cleanroom clothing can 

be an alternative to disposable 

protective clothing, not only for clean 

room research and production, but 

also for healthcare workers. 

• Disposable protective clothing is 

largely produced in Asia, whereas 

reusable clothing is supplied 

throughout Europe and Germany. 

A disposable item is replaced by a 

reusable product and at the same 

time emissions caused by long 

supply chains can be reduced.

Sample preparation of textiles for cleanroom clothing (Image: research consortium)

INSIGHTS AND ANALYSIS 

Normal cleanroom clothing is not water-repellent, which means that droplets penetrate it after a short time. However, the 

measurements showed that cleanroom clothing finished with PTFE can keep up with commercially available disposable 

protective clothing in terms of its water-repellent properties - even after 120 wash cycles no measurable degradation 

could be detected. The drops remain spherical on the textile surface at a contact angle of 140° and hardly adhere to it, 

which speaks for a good protective effect.

Contact angle measurement can be used as a simple and quick alternative method for sampling textiles. This offers the 

advantage that the protective effect of textiles against infectious agents can also be investigated outside specialized 

laboratories. However, for a deeper understanding of the parameters influencing the contact angle, more sophisticated 

approaches, such as those that can be provided by DESY, are mandatory. Chemical and structural information are key 

parameters that need to be investigated. In this respect the scientific background can motivate pass/fail criteria for 

product selection at purchase, quality or service laundry level. For further understanding of the parameters influencing 

the contact angle additional synchrotron measurements are mandatory. Chemical and structural information are key 

parameters to be investigated.
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Deutsches Elektronen-Synchrotron DESY

Ein Forschungszentrum der Helmholtz-Gemeinschaft

Notkestraße 85 I 22607 Hamburg

DESY Innovation & Technology Transfer: Dr. Sabine Brock

E-mail: sabine.brock@desy.de

Phone: +49 40 8998-4579

www.innovation.desy.de

Industry Services: Dr. Marc Thiry

E-mail: marc.thiry@hereon.de

Phone: +49-(0)40-8998-6914

Tomography: Dr. Felix Beckmann

E-mail: felix.beckmann@hereon.de

http://gems.hereon.de

FOR MORE INFORMATION PLEASE CONTACT:

Helmholtz-Zentrum Hereon (Außenstelle DESY)

German Engineering Materials Science Centre (GEMS)

Notkestraße 85 I 22607 Hamburg

Experimental Setting of Beamline P05 at PETRA III, where the x-ray measuerments took place.  (Image: Hereon / C. Schmid)
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CHALLENGE: 

The vaccine candidates from BioNTech and Pfizer, 

as well as those from biotech company Moderna, 

belong to a new class of vaccines that use messen-

ger RNA (mRNA): an instruction-carrying molecule 

that tells a cell to make a specific protein. In this 

new approach, mRNA molecules that contain inst-

ructions for making a key protein of a pathogen are 

introduced into the human body. Cells that take up 

the mRNA start to produce the pathogen’s protein. 

This lasts only for a short time, because the mRNA 

is soon degraded. The mRNA and its resulting pro-

tein do not make a person ill, but are sufficient to 

train the immune system to recognise and destroy 

the pathogen. Interestingly, this method can be 

used to gain immunity not only to bacterial and viral 

infections, but also to certain types of cancer. Ho-

wever, delivering the mRNA into cells is challenging. 

If pure mRNA was injected into the body, it would 

be immediately degraded before it could even be 

taken up by cells. To protect the precious mRNA 

from damage, scientists develop ways to package 

it into tiny particles, known as nanoparticles, and 

deliver it into cells. 

Insights into better ways to package 
and deliver RNA into human cells. 
A study to support the development of RNA based vaccines:  BioNTech, 
a company that together with Pfizer developed one of the first COVID-19 
vaccines, in collaboration with the University of Mainz and the European 
Molecular Biology Laboratory (EMBL) conducted synchrotron X-ray 
scattering experiments at DESY‘s PETRA III beamline P12 operated by 
EMBL. The obtained results will help the scientists to better package mRNA 
in nanoparticles for vaccines or individualized drugs.

Researchers used small-angle X-ray 

scattering (SAXS) at the EMBL beamline 

P12 at PETRA III to investigate the inter-

nal organisation of lipid nanoparticles 

and compared their effectiveness in 

different organs.

METHOD
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Deutsches Elektronen-Synchrotron DESY
Innovation & Technologietransfer

Dr. Sabine Brock

E-Mail: sabine.brock@desy.de

Notkestrasse 85, 22607 Hamburg

www.innovation.desy.de

European Molecular Biology Laboratory, Hamburg Unit
Dr. Dmitri Svergun

E-Mail: svergun@embl-hamburg.de

Notkestrasse 85, Bldg. 25a; 22607 Hamburg

www.embl-hamburg.de

INSIGHTS AND ANALYSIS 

The team has succeeded for the first time in 

directly demonstrating changes in the structure 

of model membranes containing the ionisable 

lipid nanoparticles. The pH influences the internal 

structure of the nanoparticles. This knowledge can 

be used to develop optimised transport systems 

for transfecting specific types of cells, since the pH 

varies from one type of cell to another.

The efficiency of mRNA transfection can also 

be increased by using the right combination of 

different materials to make the nanoparticles 

(demonstrated in another research project). Hybrid 

nanoparticles, containing both lipids and polymers 

suitably combined, achieved a significantly better 

transfection than pure lipid or pure polymer 

nanoparticles. Structural analyses, in particular 

those at the EMBL’s P12 beamline at PETRA III, 

show that the particles with the highest transfection 

efficiency are characterised by a heterogeneous 

internal structure in which well-ordered and less 

well-ordered areas alternate in a characteristic 

pattern. 

References: DOI: 10.3390/cells9092034, DOI: 10.1021/

acsanm.0c01834, DOI: 10.1021/acs.langmuir.0c02446

BENEfITS

The analysis at DESY helped BioNTech together 

with the academic partners to study the structure, 

efficiency, and behaviour of nanoparticles made of 

lipids, or a combination of lipids and biopolymers, 

under different conditions. Although the mRNA-

based technology is very new and its long-term 

efficacy still needs to be tested, it has great 

potential to enable rapid development of vaccines 

and treatments for various diseases in future. This 

work also shows the importance of collaboration 

between industry and research facilities such as 

those at EMBL, to drive progress and innovation in 

technology and medicine.

figure 1 |   The beamline P12 at EMBL Hamburg allows studying the 
structure of molecules in solution using small-angle X-ray 
scattering (SAXS) technique. (Svergun group/EMBL)

figure 2 |   Lipid nanoparticles (LNP) are tiny particles (less than 
100n diameter) made of lipids, which are used in the 
biotechnology industry to deliver molecules, such as RNA, 
to cells. Polyethyleneglycol-Dimyristoyl glycerol (PEG-DMG), 
1,2-Dioleyloxy-3-dimethylaminopropane (DODMA), 1,2-distearoyl-
sn-glycero-3-phosphocholine (DSPC). (Cristina Sala/BioNTech)
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