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EMBL sites – over 1800 people  and more than 80 nationalities
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Epigenetics and neurobiology 
– Rome

Tissue biology and disease 
modelling – Barcelona

Bioinformatics 
– EMBL-EBI, Hinxton

Structural biology 
– Hamburg

Structural biology 
– Grenoble

EMBL research units – over 80 independent research groups

Developmental biology
– Heidelberg

Genome biology
– Heidelberg

Cell biology and biophysics 
– Heidelberg

Structural and computational 
biology – Heidelberg

Directors’ research
– Heidelberg



~ 38,000,000 web visits to EMBL-EBI databases  
per day

~1,200 internal and external 
users per year

EMBL infrastructure and services

> 3,000 user visits per year
Many users of complementary 
services  

Bioinformatics services Core FacilitiesStructural biology services



Technology development and transfer

EMBL develops a 
broad spectrum of 

technology and 
instrumentation for 

life science research

EMBL makes its 
discoveries and 

inventions available to 
the scientific community 
and to society through 

EMBLEM
Imaging 

technology
Software 

development
Synchrotron

instrumentation



Influenza polymerase mechanism (Cusack group) - EMBL-Grenoble

Pflug et al. (2014) Nature, 516, 355–360.
Reich et al. (2014) Nature, 516, 361–366.
Thierry et al. (2016) Mol. Cell, 61, 125-137.
Lukarska et al. (2017) Nature, 541, 117–121.
Omoto et al. (2018) Sci. Rep., 8, 9633. - Baloxavir marboxil



Nobel prize in physiology or medicine (1906) 
– shared with Camillo GolgiRamón y Cajal (1852-1934)



METTL16 (McCarthy team) - EMBL-Grenoble outstation

Medel et al. (2018) Mol. Cell, 71, 986-1000.



Structural biology techniques (MX)



Protein crystallisation



Automation of crystallisation

ü100 nl + 100 nl drops (50nl + 50nl)

ü3 samples per plate

ü6-9 samples in parallel

ü90 µl of sample for std. screening

üStrict Quality Control



Automation of crystallisation



Protein crystals
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Darwin’s formula

I(hkl) - photons/spot (fully-recorded)

Ibeam - incident (photons/s/m2 )

re - classical electron radius 
(2.818x10-15 m)

Vxtal - volume of crystal (in m3)

Vcell - volume of unit cell (in m3)

λ - x-ray wavelength (in meters!)

ω - rotation speed (radians/s)

L - Lorentz factor (speed/speed)

P - polarization factor 

(1+cos2(2θ) -Pfac∙cos(2Φ)sin2(2θ))/2

A - absorption factor 

exp(-μxtal∙lpath)

F(hkl) - structure amplitude (electrons)

C. G. Darwin (1914)

P A | F(hkl) |2I(hkl) = Ibeam re
2

Vxtal

Vcell

λ3 L
ωVcell



Synchrotron

Detector
Samples

Lukarska et al. (2017) Nature, 541, 117-121.

EMBL-Grenoble – EPN campus



ESRF-EMBL Pillars of success

High quality 
X-ray beam

Instrumentation

Software

14,687 PDBs



ESRF-EMBL Joint Structural Biology Group Beamlines (2018)
ID29 (tunable)ID23-1 (tunable) ID30B (tunable)

ID30-A3 (µ focus)

BM29 (BioSAXS)ID30-A1 (MASSIF)

CM01

12/2018 – 8/2020

ID23-2 (µ focus)



ID30B optical layout

McCarthy et al. (2018) J. Synchrotron Rad. 25, 1249-1260



ID30B variable focus

Vertical focusing, no horizontal focusing 
(mirror unbent)

No vertical focusing – mirror bent
Focused beam

Energy range: 6-20 keV
Flux ~ 5x1012 phs/sec/mm2 at 12.7 keV
Beam size: <40µm2 (apertures – 10, 20, 30, 50 and 75 µm2) 



ID30B at the ESRF



Microdiffractometer – MD2S



MXCUBE

MD software PMAC rack Diffractometer

Detector

Do a grid scan

Prepare for data collection
(frame on hardware trigger)

Trigger

Done

Scan Finished

Latched
Position

Frame readout 
For precise coder latch

Full PMAC
with latch

Bilateral Meeting 2016
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Crystal fishing and storage



Crystal fishing and storage

Cryo-protectants and/or ligands through serial transfer

Transfer to 
cryo-protectant

Flash freeze 
and store



Crystal DirectTM: a new concept for Crystal harvesting

HTX	Lab,	J.A.	Marquez

Open Access HTX Facility
• Over 5000 registered users
• 1200 samples processed per year
• Over 3.9 million individual 

crystallization experiments performed

Synchrotron Instrumentation
• Instruments for MX and SAXS beamlines
• Beamline automation
• Sample holder standards

SPINE
NewPin

Instrumentation,	F.	Cipriani



Crystal DirectTM: a new concept for Crystal harvesting



Liquid removal 
through aspiration

Laser photo ablation

Reduce sample size
increased cooling rate
Reduce background scattering 

Zander et al. (2016) Acta Cryst. D72, 454-466

Crystal DirectTM: a new concept for Crystal harvesting



Crystal DirectTM: a new concept for Crystal harvesting



FlexHCD – A versatile sample changer

FlexHCD

SPINE baskets (x12) = 120 samples

ESRF
SLS
BESSY
PETRAIII
ALBA

Most US sites

Europe:
DLS
SOLEIL

Unipucks (x11) = 176 samples
New sample holder types



VAL3 movement sequences:
• Load trajectory, Unload trajectory…
Local regulation loops (PLCs)
• Dewar temperature
• De-freezing station temperature
• LN level regulation

modbus

GenericStaubCom serverStaubCom
protocol

PC windows (or Linux)

Java
HCD:
- Plate rotation
- LN filling
- Open/Close 

ports

OneWire:
Gripper 
identification

DM reader

Camera + image 
processing:
Gripper calibration
Pin detection

ProxiSense Card: 
Puck presence & 
type detectionLocal touch screen

MXCuBE

Tango (Exporter…)





Automation of MX experiments
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MXPress workflows now available for users:
• FlexHCD reliability
• Fast mesh scanning (~60s for 1,000 grid points)
• Currently ~4-6 mins per sample



• Passerelle-EDM – A Web interface for workflow execution that logs all 
metadata stored in database

ESRF-EMBL Beamline Expert System

Brockhauser et al. (2012) 
Acta Cryst. D68, 975-984.



Results displayed in databases for display and use



Design - November 2016

MD2S
FLEX
HCD

Harvester 1
48 Pins Rack

Double gripper

CrystalDirect-To-Beam on ID30B



CrystalDirect-To-Beam on ID30B



ID30B Mini-Kappa goniometer head

Brockhauser et al.
Volume 69 | Part 7 | July 2013 | Pages 1241-1251



ID30B MD2S in situ plate screening

Data collection



ID30B MD2S in situ plate screening in MxCuBE
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Biological small angle X-ray scattering (bioSAXS)



column

autosampler

conductimeter

pump

spectrometer
mode valve

BioSAXS on BM29

Pernot et al.
Volume 20 | Part 6 | July 2013 | Pages 660-664 

Round et al.
Volume 71 | Part 1 | January 2015 | Pages 65-75 



ESRF Extremely Brilliant Source upgrade



Medium term 
(2019)

• Beamline upgrades
BM29, MASSIF-1, ID29

• Software developments
MxCuBE3/BsxCuBE3

ESRF Extremely Brilliant Source upgrade

Supercharge the source 
(Dec. 2018 - June 2020)

A brighter future
2020->

Smaller and brighter 
X-rays

New science:
• RT serial crystallography
• Time resolved (µs)
• Using coherence



Software upgrade: MxCuBEv2 -> MxCuBE3



12/2018 – 8/2020

ID23-1 (tunable)

ID23-2 (µ focus)

ID30B (tunable)

ID30-A3 (µ focus)

ID29 (tunable)

SSX/High E 
upgrade

BM29 (BioSAXS)

Upgrade

ID30-A1 (MASSIF)

APX 
Upgrade

ESRF-EMBL Joint Structural Biology Group Beamlines 

New detector



ID29 Experimental hutch (EH1/2) in the Chartreuse extension

• >5 x 1015 ph/s/mm2

• Multilayer mono
• KB mirrors
• 0.5 µm2

• 1 µs chopper
• 1 kHz detector speed

Daniele de Sanctis (ESRF)
Shibom Basu (EMBL-Grenoble)



Shamir et al. (2016) Cell 164, 1302.e1

Daniele de Sanctis (ESRF)
Shibom Basu (EMBL-Grenoble)

ID29 upgrade – Serial  synchrotron crystallography (SSX) and high E





High energy EH

ID29 Upgrade

Serial synchrotron crystallography EH

Jungfrau (1 kHz)

MD3-Up

Daniele de Sanctis (ESRF)
Shibom Basu (EMBL-Grenoble)



Jet experiments



Fixed target support

• Choppers
• MD3-Up – synchronous scans
• Lasers
• Jungfrau detector (3 kHz)



X : +/- 5mm 5mm/s
Y : +/- 5mm 5mm/s
Z : 118 mm 30mm/s

Encoders 5nm

XY table
+/- 5mm

Encoders 5nm

ID29 Upgrade – MD3



ID23-2: MD3-Up ESRF-EBS ready

• Cyan cluster: 1351 datasets, 

• Resolution (Å) = 20-1.3 
• Rp.i.m. (%) = 18.3
• Completeness (%) = 74.2 



Cell 2

Ligand bound

Cell 1

Apo structure



Structural biology techniques (Cryo-EM)



Jacques Dubochet

“for developing cryo-electron microscopy 
for the high-resolution structure determination 

of biomolecules in solution”

Long history of Cryo-EM developments at the EMBL

2017

©          Nature Publishing Group1984

Nobel Prize
CHEMISTRY



Cryo-EM freezing in the 1980s and now



The midline

1. Attraction

Liu et al., (2018) 
Neuron 97, 1261-1267

2. Repulsion

Slit2

Robo

Vision – Retinal ganglions



Negative stain 3D EM imaging of Robo1 - Aleksandrova et al. (2018) 
Structure 26, 166-171



Robo1 forms tetramers – Cell surface autoinhibition



Barak et al. (2019) Cell 177, 272-285

Robo1/2 activation involves dimerisation



Live cell imaging
eGFP



Robo1 undergoes endocytosis upon Slit binding



Robo1/2 spatial and temporal profiling

Pignata et al. (2019) BioRxiv



Robo1/2 spatial and temporal profiling

Pignata et al. (2019) BioRxiv



Robo1/2 spatial and temporal profiling

Pignata et al. (2019) BioRxiv



Imaging fast biological processes in 3D

Wagner et al. (2019) Nat. Methods 



Imaging fast biological processes in 3D

Wagner et al. (2019) Nat. Methods 



Single cell imaging of blood flow dynamics



Single cell imaging of blood flow in the heart



EMBL Technology & knowledge transfer: The players

Idea

Protection

Licensing

Start-up
Company

EMBL 
Technology 
Fund

Third Party 
Funding



ACCELERATING DEVELOPMENT 
OF HIGH-PERFORMANCE 
DETECTOR AND IMAGING 
TECHNOLOGIES FOR SCIENCE 
AND MARKETS



It  involves European Research 
Infrastructures (ERIs), European Research 
institutes and Research and Technology 
Organisations (RTOs), Small and Medium 
Enterprises (SMEs), companies, universities 
and business and innovation specialists. 

ATTRACT is a new, open, pan-EU 
initiative to accelerate the development of 
high-performance detector (sensor) and 
imaging technologies for both scientif ic 
and industr ial use.

1.

2.

WHAT IS 
ATTRACT?
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Thank you

ESRF
Jean Susini
Harald Reichert

Gordon Leonard
Christoph Müller-Dieckmann
Daniele de Sanctis
David Flot
Stephanie Monaco
Max Nanao
Didier Nurizzo
Sasha Popov
David von Stetten
Pascal Theveneau
Hugo Caserotto
Fabien Dobias
Thierry Giraud
Mario Lentini
John Surr
Antonia Beteva
Matias Guijarro
Olof Svensson
Alejandro de Maria
Solange Delageniere
Carole Clavel

EMBL Grenoble
Stephen Cusack
Regis Legrand

Matthew Bowler
Martha Brennich
Babu Manjasetty

Florent Cipriani
Franck Felisaz
Robert Janocha
Marcos Lopez-Marrero
Gergely Papp
Christopher Rossi
Jeremy Sinoir
Clement  Sorez

Josan Marquez 
Guillaume Hoffmann
Zuzanna Kaczmarska
Irina Cornaciu

EMBL Hamburg
Thomas, Gleb and Ivars

UVHCI/IBS
Eva Pebay-Peyroula
Winfried Weissenhorn

Sandrine Vignon
Sylvie Costa
Corinne Iodice


