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Turning insights into 
medicines: Synchrotron 
radiation used for the 
structural analysis of proteins

CrystalsFirst, a biotech company specializing in fragment-based drug discovery 
(FBDD), is based in Marburg (Germany) and performed protein crystallography 
at the P11 beamline of DESY’s PETRA III, aiming to screen how 87 different 
fragments bind to a kinase. The experiment was done using the SmartSoak® 
technology developed by the company.  

Currently, chemical materials are a major challenge in 

drug development. Access to the relevant chemical 

materials is therefore an essential prerequisite in any 

campaign to discover new drugs. Since the “low 

hanging fruits” have already been collected, com-

panies are having to reach out for more challenging 

disease-relevant drug targets which are involved 

in more complex biological contexts. The cryptic 

binding sites are invisible in the native state of the 

protein; hence no experimental techniques are able 

for identifying them. Some screening techniques can 

detect the binding of a ligand to a protein if this cau-

ses a change in the structure of the protein, but the 

ligand-protein bond can be rather weak, so it might 

not be easy to detect. Therefore, for today’s biologi-

cal targets in biopharmaceutical R&D, the traditional 

screening techniques often underperform or fail to 

deliver promising starting points for drug design. 

Companies normally use a traditional approach for li-

gand screening, which does not include X-ray protein 

crystallography as a first choice. One of the goals of 

CrystalsFirst is to prove that obtaining the structural 

information as a first step can indeed provide a much 

better starting point for further drug development. 

The SmartSoak® technology developed by Crystals-

First produces higher quality crystals and uses high 

soaking concentrations. This results in high-resolu-

tion protein structures in which the ligand produces 

a much better signal. With SmartSoak®, the number 

of crystals to be screened is smaller and the percen-

tage of hits is higher, allowing the time between 

crystallization and determining the structure to be 

reduced by a factor of 10. The result is a much better 

starting point for further drug development, which is 

not offered by other classical screening techniques. 

CHALLENGE
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The protein used in this experiment as a study 

case is a kinase. Kinases act as catalysts for 

the transfer of phosphate groups between 

molecules, and abnormal activity of kinases can 

lead to cancer, immunodeficiencies, endocrine 

disorders and cardiovascular diseases. 

As an example, one of the strategies for cancer 

treatment is to target these kinases that display 

an abnormal activity with drugs, thus suppres-

sing the tumor signaling pathways.  Allosteric 

binders are the most effective because of their 

high selectivity. They only bind to a certain 

kinase and hence allow precise interventions 

confined to the signaling pathway responsible 

for tumor progression.

SAMPLE

Figure 1 | Protein crystals used for protein crystallography.                                                          Figure 2 | Raw diffraction data from protein crystallography after data                         
                                                                                                                                                                       collection. (CrystalsFirst)

METHOD

X-ray crystallography allows weak bonds to be visualized within a resolution in the ångström 

regime. The diffraction data shows the electron density distribution, from which the atomic struc-

ture can be extracted. Identifying such binding sites provides very valuable information for drug 

development, which is especially critical for diseases that are currently untreatable. 

A fragment screening was performed on a kinase using 87 natural product-like fragments from 

CrystalsFirst’s strategic partner Analyticon. This company, based in Berlin (Germany), is dedica-

ted to creating substance libraries and producing the chemicals. The soaking was performed over 

24h at fragment concentrations of 100 mM, using the SmartSoak® technology. 

The protein crystallographic screening was performed on the P11 beamline at PETRA III. P11 was 

selected because it offers a high throughput capability, together with the high-brilliance beam 

produced by PETRA III. This allows a large number of samples to be measured in very short 

times, which is ideal for fragment screening. 
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The results revealed an untapped chemical 

space. Out of 87 different fragments tested, 

87 structures were refined at a high resolution, 

between 1.3 Å and 1.7 Å. Data analysis yielded 

55 binding events, in which 27 compounds 

that bound to the adenosine triphosphate (ATP) 

binding pocket also bound to secondary sites of 

the protein. The interest of the scientific commu-

nity in these secondary sites as targets for drug 

development is increasing significantly.  

X-ray crystallography provides 3-D models at an 

atomic resolution that depict the interactions of 

the ligand with the binding sites of the protein. 

Thus, false-positive hits can be avoided, as it is 

clear from the high-resolution structure whether 

or not the ligand is binding to the protein, and 

where. Other screening techniques can result in 

some false-positive hits, which must be valida-

ted anyway using X-ray protein crystallography. 

INSIGHTS AND ANALYSIS

Figure 3 | Exemplary 3D model of a kinase-ligand complex extracted from diffraction data     
               overlayed with all identified binders at different locations of the kinase. Red 
               circle shows magnified ATP-pocket with crowd of binders.
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BENEFITS

CrystalsFirst performed SmartSoak®-

enabled fragment screenings and ligand 

soakings for hit validation for big pharma 

and biotech companies. In every case, 

high-performance soaking systems have 

successfully been established even 

for challenging targets. Furthermore, 

CrystalsFirst has delivered chemical 

starting points in terms of orthosteric and 

allosteric binders and even identified the 

so-called cryptic binding sites. Scientists 

have profited from the high resolution 

achieved, allowing them to observe even 

weak binders, but also by immediately 

being able to identify false-positive hits in 

the 3D structure models.  

Thanks to the high-throughput capability 

of the P11 beamline and the high-brilliance 

beam provided by PETRA III, the company 

was able to test many samples in a short 

time. The high resolution obtained is an 

ideal starting point for further analyzing the 

screening hits and expanding the molecules 

with new chemical groups, to produce the 

first prototypes of the new drug.


