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[New] Scientific Possibilities at the ESRF-EBS.

Gordon Leonard

ESRF Structural Biology Group

Page 2



SYNCHROTRON RADIATION (SR) WAS FIRST OBSERVED 75 YEARS AGO
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Elder et al., (1947) "Radiation from 

Electrons in a Synchrotron" Phys. Rev., 

71, 829-830. Published 1st June 1947

Leinard, A-M. (1898). Electric and Magnetic Field produced by an electric charge

concentrated at a point and travelling on an arbitrary path. L’Éclairage Électrique, Vol 16.
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SYNCHROTRON RADIATION SOURCES

1st Generation - parasitic use

2nd Generation - dedicated

3rd Generation - dedicated, higher energy

4th Generation – dedicated, diffraction limited

Bending magnet spectrum

E/398.12

Undulator spectrum

Intensity + collimation 

= ‘brilliance’



THE ESRF
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The world's most intense X-ray source and a centre of excellence for 

fundamental, innovation-driven research in condensed and living matter science. 



ESRF-EBS (EXTREMELY BRILLIANT SOURCE): OPPORTUNITIES FOR USERS
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Higher 
throughput 
with dose 
tolerance

Higher flux at 
higher 
energies

Greater 
coherence-

based 
approaches

Beam sizes 
from nm to 
half a meter

CDI, Phase Contrast, 

Holography, XPCS

High quality Optics

X-Ray Microscopies

Larger field of view

Larger penetration

Low dose in vivo 

imaging

In situ, operando, 

Extreme (T,P,H), 

pump probe

Faster dynamics

Time-resolved 

experiments, cryo…

Photon 
hungry

techniques

Better 
sensitivity

Artifact 
mitigation

Single atom detection 

Noise reduction

RIXS, RESX, NRS, 

XES, XDS, WDS, 

Lock in XBIC, XEOL

Courtesy Gema Martinez Criado



HIERARCHICAL PHASE-CONTRAST TOMOGRAPHY (HIP-CT)
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HiP-CT was used to scan a lung of a COVID-19 victim. The 

whole lung lobe was first scanned at 25 micron voxel 

resolution (green cylinder, rendered to show the two vascular 

systems and occluded vessels). The researchers then zoomed 

in at 6 (red cylinder) then 2 micron voxels (blue cylinder), 

giving 100X more resolution than clinical CT and providing 

outstanding insight into the physiological effects of COVID-19. 

The cellular structure is resolved, including individual red blood 

cells (red arrows). (Credit: P.Tafforeau/ESRF).

https://youtu.be/zhPWCR7bBeI
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https://youtu.be/zhPWCR7bBeI


THE HUMAN ORGAN ATLAS PROJECT (HTTPS://HUMAN-ORGAN-ATLAS.ESRF.EU/)
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NOT JUST ORGANS/HISTOLOGY
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Materials Science Paleontology



X-RAY HOLOGRAPHIC NANOTOMOGRAPHY (XNH)
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Dense neuronal reconstruction through X-ray holographic nano-tomography

A.T. Kuan et al. Nature Neuroscience 23, 1637 (2020) Fruit fly brain 
generated 

through XNH 
Blue: tissue; 

orange: neurons

The technique was able to trace neurites but 
not to visualize synapses 
EBS  improved throughput & resolution

Deep learning 
algorithms 
applied to 
identify neurons

Courtesy Gema Martinez Criado



INFORMATION AT DIFFERENT [SPATIAL] RESOLUTION AND LENGTH SCALES
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Correlative microscopy in the neurosciences: AAV2/6 vector encoding human α-syn is
unilaterally injected in the rat substantia nigra. d (1) Optical imaging is used to localize
neurons in the rat substantia nigra. (2) Ultrastructure mosaics are assembled from
images recorded on a standard TEM (3) XRF images are recorded on the ID16-A nano-
imaging beamline at ESRF and elemental maps compiled. Masks are defined from TEM
images for each type of organelle and matched to the XRF maps of the neuron to
calculate the elemental content per organelle type. This quasi-correlative imaging was
applied to neuronal cell bodies in either the non-injected or α-syn-overexpressing
hemisphere.

Correlative matching of regions Matched regions imaged with XNH and TEM. Strategy for 
covering the volume of interest and rendering of the reconstructed leg and the connection to 
the ventral nerve cord with several neurons traced from the VNC to the muscle insertion. Kuan
AT et al., (2020). Dense neuronal reconstruction through X-ray holographic nano-tomography. 
Nat Neurosci. 2020 Dec;23(12):1637-1643. doi: 10.1038/s41593-020-0704-9. Epub 2020 Sep 
14. PMID: 32929244; PMCID: PMC8354006.



ESRF-EBS: NOT JUST A NEW SOURCE

ID16A+B

19 Upgraded or 
Refurbished BLs

2009 - 2015

ESRF Upgrade Phase I

Courtesy: Harald Reichert

4 New + 6 
Refurbished 
Beamlines

2015 - 2023

EBS & refurbishment
programme
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REMOTE ACCESS
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ID19: Guacamole/remote desktop to 

BL control computer/Zoom
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Refurbished MASSIF-1 (ID30A-1; ESRF-EMBL 

collaboration)

1. 2.

3.

4. Users send samples. 

Beamline staff do everything

• Often 24h/24h



ESRF FACILITIES FOR INTEGRATED STRUCTURAL BIOLOGY
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ID23-1, ID23-2

ID29

MASSIF-1, MASSIF-3, ID30BBM29 (BioSAXS)

CM01 cryo-EM

ID29-S icOS

High Pressure Cryo-cooling

8 end-stations:

• 6 MX

• 1 BioSAXS

• 1 Cryo-EM

• 2 ‘Support’

• CIBB
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PROTEIN STRUCTURE PREDICTION: IS IT A ‘MAGIC BULLET’?
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https://www.embl.org/news/science/alphafold-potential-

impacts/

Modelling of large macromolecular complexes using

integrative and hybrid methods for structure

determination (I/HM) will similarly benefit from the

availability of predicted models for the building blocks of

such complexes as well as from the anticipated increase in

the number of macromolecular complex structures. Rapid

advances in cryo-EM have made it possible to study

macromolecular complexes in their biological context (the

cell) using in-situ experiments. The predicted models may

help to elucidate the identity of proteins that interact with

large complexes in various contexts in a cell.

While AlphaFold DB will, in general, accelerate structural

biology research, it will likely also induce a shift in

emphasis from initial structural determination to the study

of the more mechanistic and functional aspects of protein

structures. Although this in turn may lead to an objective

re-evaluation of the large-scale structural biology

infrastructures devoted to structure determination (e.g.

synchrotron X-ray crystallography beamlines), it is likely

that for the foreseeable future they will be essential to

validate and thus fully harness the potential of structure

prediction, and to enable structural investigations for which

no reliable predictions can be made at this time (structure

of nucleic acids and large complexes, ligand and fragment

screens, investigations of dynamics, etc.).



TRUE ATOMIC RESOLUTION WILL STILL BE NEEDED TO DECIPHER [BIOLOGICAL] 

MECHANISM. 
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Borshchevskiy, V. et al., (2022). True atomic-resolution insights into the structure and functional role of linear chains and low-barrier hydrogen bonds in proteins. 

Nat Struct Mol Biol 29, 440 –450. https://www.nature.com/articles/s41594-022-00762-2.

Atomic resolution structures of Bacteriorhodopsin photocycle intermediates 
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ENSEMBLES OF STRUCTURES WILL HELP PROVIDE AN UNDERSTANDING OF 
CONFORMATIONAL VARIABILITY/DYNAMICS
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Structure Function
Dynamics

Ensembles of structures not a single structure



ROOM TEMPERATURE DATA COLLECTION
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XFEL (RT) Synchrotron (100 K)

Liu et al. 2013

● CryoMX was one of the keys for success

● Cryo-structures do not display the same range of conformations as the RT 

structures.

● They might hide functional conformations and prevent binding of 

substrates or inhibitors

● RT temperature crystal structures reveal physiologically relevant 

conformations “hidden” at 100 K

● Present thermal motion closer to “native” conditions

● Better interpretation of crystal structures, including for the design of new 

therapeutic agents

● Because of radiation damage, serial crystallography is the most valuable 

route to obtaining RT structures.

● Hydrated microcrystals at room temperature can:

● be activated

● be soaked

● We can carry out (and follow) reactions in them

Fraser et al., PNAS 2011



ID29/EBSL8: A BEAMLINE FOR (TIME-RESOLVED) SERIAL CRYSTALLOGRAPHY
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Commissioning of MD3upSSX for fixed target 

synchronous data collections. Target moves 

synchronously with a 1kHz clock with ~ 1 µm 

positioning accuracy (Collaboration with  EMBL 

Grenoble). Test with ESRF timing system (RF 

clock) and heat load chopper in coming weeks.



MOLECULAR MOVIE OF LOV-2 PHOTORECPTOR ADDUCT FORMATION
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Aumonier, S., et al.  (2020). Millisecond time-resolved serial oscillation crystallography of a blue-light photoreceptor at a synchrotron. IUCrJ 7, 728-736.



SMALL-ANGLE X-RAY SCATTERING (SAXS, BM29)
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Shape

SAXS measures the solution state of  protein or 

biopolymer



ELECTRON MICROSCOPY AT ESRF-EBS: CM01
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Thank you for your attention
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ESRF LAAMP Contact: Prof. Ed Mitchell, Head of Business Development

Email address: mitchell@esrf.fr 

https://www.youtube.com/watch?v=joY1vMQkzUk


