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League of European Accelerator-based Photon Sources

Caterina Biscari – Welcome & Introduction May 15th

LEAPS is the largest consortium of analytical facilities worldwide 

and further expanding its service to an interdisciplinarity European 

user community.



LEAPS and Life Sciences

• ~ 45 : XRD, MAD, SAD, SAXS, WAXS…

• ~ 35 : X-ray imaging & X-ray microscopy beamlines

• ~ 10 : IR and UV spectroscopy and micro-microscopy

Estimated number of endstations primarily dedicated 

to life sciences

• > 3000 experiments / year

• ~ 6500 visits / year

• ~ 2215 publications / year

Averaged over 5 (3.5) years



‘Synchrotron light’ techniques in life sciences

X-Ray Fluorescence

X-ray 

(micro)spectroscopy

X-ray

Diffraction & scattering

FTIR & UV

(micro)spectroscopy

• Composition

• Quantification

• Trace element mapping

• Short range structure

• Electronic structure 

• Oxidation/speciation mapping

• Molecular groups & structure

• High S/N for spectroscopy

• Functional group mapping

• Crystal structure

• Structural information

• High resolution

Phase contrast 

X-ray imaging

• 2D/3D Morphology

• High resolution

• Density mapping

• Structural biology

• Molecular biology

• Cell biology

• Bio-engineering

• (Bio-)medicine and health science

• Environmental sciences



LEAPS and Life Sciences

We maintain the established discovery-driven service

provision supporting and developing new, disruptive

Ideas

We implement a targeted challenge-driven service

provision

We develop a new remote service provision

Free of charge

From sample preparation down to data processing



MX: Standardization for a production technique



…that was needed! one example…

Over 5 years of use of ESRF beamlines 

• Several 100s experimental sessions

• > 15,000 data collections



Structural Biology – some statistics (1)

X-ray

X-Rays

NMR

EM

PDB Statistics: Overall growth of released structures

Europe (LEAPS) ~ 40% 



Structural Biology – some statistics (2)

Number of structures released per year

Techniques

Regional distribution of PDB structures 

determined at synchrotron facilities



“Running cryo-electron microscopes as beamlines”

“… Synchrotrons are the best place to run cryo-

electron microscopes…as user facilities”

Richard Henderson, EMBL Heidelberg 2017

2015 eBIC Diamond Light Source, Harwell, UK

2017 CM01 ESRF, Grenoble, France

As of today LEAPS partners run 17 (+2) cryo-EMs with 

access to the whole users’ community

Cryo-ETCryo-SPA ?



The three pillars of structural biology at photon source facilities

X-FEL

Synchrotron
High throughput

Data collection

Standardization

Automation

High but decreasing demand

High capacity

High expectation

very few instruments

“measuring before destroying”

R&D needed

From proof-of-concept

to science driven applications

High demand

increasing capacity

SPA & ET

Towards time-resolved 

In-cellulo

Cryo-EM
Sample 

handling & management

Data 

processing & management

Serial

Crystallography

sample handling

room temperature

time resolution

dataset merging

samples handling

data processing

automated pipelines

“no crystals”



Trends: multimodal and multi-facility experiments

Science., 372(6538): art.n° eabd5687. (2021).

doi.org/10.1126/science.abd5687

• IBS/ESRF - icOS

• ESRF - ID29

• ESRF - ID30B

• SLAC LCLS - CXI

• SLS - X10SA

• SOLEIL - PROXIMA 1



Trends: towards more challenging samples

SPB-SFX@EuXFEL



From Biology to Life Sciences

…to explore life in context by studying both classical and novel model organisms in the 

context of their real-world environment. 

…to study life across interconnected scales (cells, tissues, organisms, populations) in 

different genetic and environmental contexts…

“…Improvements of microscopic and spectroscopic techniques towards ultra high spatial resolution will provide a better 

understanding of the cell’s complex “machinery” in basic research…” 

from “Vision Paper and Basis for Strategic Research Agenda for NanoMedicine”, European Technology Platform on NanoMedicine, 2005.



XRF Imaging and correlative microscopy



New cryo preparation protocols in X-ray microscopies

STARS Protocol : a protocol for full-rotation soft X-ray 

tomography of single cells

https://doi.org/10.1016/j.xpro.2022.101176

J. Decelle et al. Trends in Cell Biology 30(3), 2020,173-188

https://doi.org/10.1016/j.tcb.2019.12.007

S. Bohic, P. Cleotens et al.,

ID16A,  ESRF

https://doi.org/10.1016/j.xpro.2022.101176
https://doi.org/10.1016/j.tcb.2019.12.007


Advent of the 4th generation SR sources

9 order of magnitude in 35 years !



Advent of the 4th generation SR sources

9 order of magnitude in 35 years !



Impact of 4th generation SR sources ?

J. Miao et al. Science (2015), 348:530-535

Temporal and spatial resolution

+

a boost for imaging techniques

Spectroscopy



Impact of 4th generation SR sources ?

First X-ray diffraction 

experiments using 

synchrotron radiation, 

carried out by Holmes, 

Rosenbaum and Witz at 

DESY, Hamburg, in 

September 1970. 

ID02-ESRF
Model of the structural dynamics of 

myosin filament domains during 

contraction

E. Brunello et al., 

PNAS 117, 8177 (2020) 

G. Rosenbaum et al., 

Nature 230, 434 (1971)



Facility paradigm in the Life Sciences

• Standardization

• Automation

• Service provider

innovation

• Instrument performance

• Pioneering experiments

• Proof-of-concept

rationalisation

Pro-active Responsive

Non-experts

• Cross-fertilisation and synergy between the two approaches

• Expectation management ?

• Perimeter of services (from sample handling down to interpretable data) ?

Semi-

Experts

Experts



Strategic role of local ecosystems :

X-ray based techniques are often one step in a long journey  

Institute for Integrative Biology of the Cell

Expert users



From individual projects to integrated programmes

23

• Expert users or facility experts as single entry point and chaperon

• Coordinated access to various instruments across one or several facilities

• Crossing scales

• Combining modalities

• Fixed + live imaging



Databases are needed for 

drug design, preventive medicine, diagnosis & prognosis



Nucleic acid circular dichroism database

RNA Pseudoknot

Thermal denaturation (25-95C) 

of RNA pseudoknot 

https://genesilico.pl/nacddb/

150+ spectra

https://genesilico.pl/nacddb/


Open source organ atlas

https://doi.org/10.1038/s41592-021-01317

https://human-organ-atlas.esrf.eu/

BM-18



Virtual (digital) histology

Multi-modal (hyperspectral) imaging

M
u
lt
i-

s
c
a
le

 i
m

a
g
in

g IR UV Soft X-rays Hard X-rays

• Find new fingerprints / molecules for classical histopathology

• Help for difficult or ambiguous diagnosis

• Transfer technology to clinical environments

• …..

• Develop histology pipelines on dedicated instruments
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LEAPS Strategy in Life Sciences

“…Boosting existing capacities with adequate national and 

European funding programmes, places Europe´s Accelerator-

based Photon Sources in a strong position to be a major player in

addressing public health challenges such as cancer, neuro-

degenerative diseases, resistance to antibiotics, or the

emergence of infectious diseases. Preventive medicine

will also need a wider range of topics to be addressed,

such as food science, absorption of vitamins and minerals,

which are possible to explore using Accelerator-based

Photon Sources…”



Thank you very much for your attention !

A motto for LEAPS ?

“Alone we go faster, together we go further…”

Yes, but in which direction(s) ?


