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EPN Campus – European Photon & Neutron Science Campus
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• Cell Free (operated by IBS)
• Deuteration Lab (operated by ILL)
• ESPRIT (operated by IBS)
• Eukaryotic Expression Facility 

(operated by EMB)

• 6 x ESRF Structural Biology 
Beamlines (operated by ESRF)

• FIP2 Beamline (BM07) (operated 
by IBS)

• High Field NMR (operated by IBS)
• Neutron Diffraction instruments 

(operated by ILL)
• D19, LADI-III & DALI
• The in crystallo Optical 

Spectroscopy Laboratory (iCOS)

• HT Crystallisation (operated by 
EMBL)

• HT Membrane Protein 
Crystallisation (operated by IBS)

• 2 x Cryo-EM Titan Krios (operated 
by ESRF, IBS, EMBL & ILL)

• Electron microscopy platform 
(operated by IBS)

• SAXS/SANS (operated by ESRF & 
ILL)

• Cellular imaging (operated by IBS)
• Mass Spectrometry (operated by 

IBS)
• Molecular Biophysics platform 

(operated by IBS)
• AUC, BLI, CD, DLS, Fluorimeter, ITC, 

MST, MP, PAOL, SEC-MALLS, SPR

Protein Crystallisation

Sample Chacterisation

Protein Expression

SUPRAMOLECULAR STRUCTURE 3-D STRUCTURE ANALYSIS

https://www.psb-grenoble.eu/

Partnership for Structural Biology (PSB)
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Optical microscopy

Calorimetry, Volumetry, and Thermal analysis

Light Scattering

Optical Spectroscopy

Rheology

Liquid interfaces

Solid interfaces

https://pscm-grenoble.eu/

Partnership for Soft Condensed Matter (PSCM)

Chemical Laboratories for sample preparation



ESRF: The European synchrotron



ESRF 
Grenoble 

France

21 PARTNER COUNTRIES

13 Member states:
France 27.5%
Germany 24.0%
Italy 13.2%
United Kingdom  10.5%
Russia 6.0%
Benesync 5.8%
(Belgium, The Netherlands)
Nordsync 5.0%
(Denmark, Finland, Norway, Sweden)
Spain 4.0%
Switzerland             4.0%

8 Scientific associate countries:
Israel 1.75%
Austria 1.75%
Poland 1.0%
Portugal 1.0%
India 0.66%
Czech Republic                 0.6%
South Africa            0.3% 
Hungary 0.25%

Budget: ~ 100 M€ per year 
700 staff
44 beamlines
9000 scientific visits per year
2000 publications per year
30% of research is with industry

ESRF: established by an inter-governmental convention signed by 13 member states



• opened to users 25/08/2020
• Investment of 150 M EUR
• Fourth generation source + new beamlines + data infrastructure 

3rd generation - emittance H/V ~ 1000 4th generation – H/V ~ 1 

ESRF-EBS – First in a new generation of high-energy synchrotrons

• Start – 10th Dec 2018

• 1st Electrons in Storage ring – 28th Nov 2019

• Commissioning – 14th Mar 2020

• COVID lockdown – 17th Mar 2020

• Actual Commissioning start – 15th June 2020

• 1st User – 3rd Sep 2020 (mail-in under lockdown 

conditions)



BM29 BioSAXS
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• sample transfer: 5 to 200 mL.

• cycle time (load-clean) ~ 60 s.

• Samples stored in 96 well plates or 

PCR tubes.

• Thermo-regulation: 

• storage: 4 – 40º C,

• exposure cell: 4 – 60º C

l Rise of BioSAXS post EBS l 03 May 23 l Mark Tully

Robot – Sample changer



1
2

3
Simplified 3 step process;
1. Select your sample position
2. Name your sample, concentration, etc.
3. Select “Run” or “Add to Queue” 

BSXCuBE – New Beamline Collection Software
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BSXCuBE – New Beamline Collection Software

l BioSAXS and Complementary Techniques l 13 March 24 l Mark Tully



.H5 files encompass opensource data 

reduction pipeline, 

FreeSAS by Jerome Kiefer

Kieffer, J et al,. (2022). J. Synchrotron Rad. 29, 1318-1328. https://github.com › kif › freesas › blob › build-deb

FreeSAS – Automatic processing
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ISpyB – Online Data Viewing and Retrieval

l BioSAXS and Complementary Techniques l 13 March 24 l Mark Tully



Adapted from J. Hutchings Biochem Soc Trans (2018) 46 (4): 807–816. https://doi.org/10.1042/BST20170351

NMR Spectroscopy

X-ray Crystallography

Single Particle Cryo-EM

High Resolution Techniques
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Structural basis for Smoothened regulation by its extracellular domains

Cysteine rich 
domain

Linker Domain

Extracellular loop

Eamon F.X. Byrne, Nature vol. 535,7613 (2016): 517-522. doi:10.1038/nature18934

Data Examples
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Amphipol A8-35



Structural basis for Smoothened regulation by its extracellular domains

Eamon F.X. Byrne, Nature vol. 535,7613 (2016): 517-522. doi:10.1038/nature18934

Data Examples

l BioSAXS and Complementary Techniques l 13 March 24 l Mark Tully



Adapted from J. Hutchings Biochem Soc Trans (2018) 46 (4): 807–816. https://doi.org/10.1042/BST20170351

NMR Spectroscopy

X-ray Crystallography

Single Particle Cryo-EM

High Resolution Techniques
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So, why do we need BioSAXS?



Dynamics

Adapted from Evans R, Biomolecules. 2023; 13(1):124

NMR Spectroscopy

X-ray Scattering (SAXS)

SANS

Single-Molecule FRET and MFD

High Speed AFM
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Dynamics – Spectroscopy

Adapted from Evans R, Biomolecules. 2023; 13(1):124

Time resolved Raman Spectroscopy

Correlation Spectroscopy (FCS)

Circular Dichroism (CD) and DLS

Mass Spec
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Dynamics - Computational

Adapted from Evans R, Biomolecules. 2023; 13(1):124

Classical Molecular Dynamics (MD)

Course-Grain MD

Multiscale modelling
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Dynamics

Adapted from Evans R, Biomolecules. 2023; 13(1):124

NMR Spectroscopy

X-ray Scattering (SAXS)

SANS

Single-Molecule FRET and MFD

High Speed AFM
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• Thermo-regulation: 

• storage: 4 – 40 C,

• exposure cell: 4 – 60 C

• Allows temperature ramps

• Concentration series

• pH series

• Time series 

(e.g. amyloid fibrillation)

Automated Robot  - Thermo-regulation
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• SEU developed at ESRF-BM29 in collaboration with EMBL 
Grenoble and EMBL Hamburg

X-RAY Beam

Front light mirror

X,Y,Z-stage
For sample

Sample Exposure Unit (SEU2B)

l BioSAXS and Complementary Techniques l 13 March 24 l Mark Tully



Fixed Chip Holder

Sliding chip fixation

Standard fluid connectors

Microfluidic region X-ray region

Standardized Chip Design

X-ray windows materials

➢ 100 mm thick COC film 
➢ 1 mm thick Silicon Nitride

Designed by Anton Popov with help from PSCM and Peter Van Den Linden

35 mm

25 mm
~ 5 µL Channels 

~ 100 x 100 µm 

Microfluidics

l BioSAXS and Complementary Techniques l 13 March 24 l Mark Tully



Microfluidics – Mixing Device
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Designed by Bastion Schubert and Antonio Calio with help from PSCM and Peter Van Den Linden



BSA ~5mg/ml, 50 mS frames

Microfluidics – Mixing Device

BSA buffer titration, 25 mS frames 
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EARLY FLOWERING 3 (ELF3)

Thermosensing in Plants
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ELF3
ELF3

ELF3

ELF3

ELF3

°C

22°C
27°C

ELF3

LUX

ELF4 X Growth factors

4°C 15°C 27°C

ELF3 PrD

Ambient temperature sensing via 

ELF3 LLPS in plants

Jung, Barbosa, Hutin et al., 2020 Nature

Silva CS et al.(2020). PNAS

Thermosensing in Plants ELF3
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Thermosensing in Plants

695aa

ELF3
1

…PPGNGYFPPYGMMPTIMNPY CSSQQQQQQQPNEQMNQFGHPGNLQNTQQQQQRSDNEPAPQQQQQPTKSYPRARKSRQGS TGSSPSGPQ

Prion-like 

domain (PrD)

• ELF3 is 700 amino acids with little secondary structure

• ELF3 is predicted to undergo phase separation. Can LLPS act as a mechanism for

temperature sensing?
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Barbed Wire



Fast and reversible

shows liquid-like behavior

important for subcellular 
organizationOil in water

1 cm

Folded proteins

PrD proteins

Liquid-liquid phase separation (LLPS)

Hypothesis: LLPS is a key factor for thermosensing by ELF3 in plants

Liquid – Liquid Phase Separation (LLPS)
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Hutin et al., 2023 PNAS (in press)

Popov et al., 2023 (in preparation)

4 C to 27 C 4 C to 27 C to 4 C

Liquid – Liquid Phase Separation (LLPS)
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Jung, Barbosa, Hutin et al., 2020 Nature

LLPS – Fluorescent recovery after Photobleaching (FRAP) 
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LLPS – Fluorescent recovery after Photobleaching (FRAP) 

ELF3 peptide
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34

695 aa1

1

CR1 CR2

Q1 Q2 Q3

PrD CR3

CR1 Variable RegionCR2 CR3

Variable Region

no LLPS

AtELF3
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LLPS 

How can we structurally 

characterise ELF3 in the dilute and 

condensed phase?
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stanford.edu

SAXS Dilute Phase

Scattering curves and Kratky plots for different ELF3-PrD constructs from
Arabidopsis and Brachypodium in the dilute phase- proteins appear as an
multimeric species of an globular shape

ELF3 PrD Q7

ELF3 PrD Q20

ELF3 PrD Q0

BdELF3 
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SAXS Dilute Phase

Dilute Phase

10.03.2024

967.6 kDa976.2 kDa 936.2 kDa

SAXS, Electron Microscopy and Size Exclusion 
Multiangle Laser Light Scattering and AFM 
demonstrate formation of a large ~30-mer of ELF3 
PrD

Fundamental unit of the PrD – homogeneous, 
globular oligomer of an intrinsically disordered 
polypeptide
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SAXS – Condensed state

ELF3 PrLD Q7

ELF3 PrLD Q20

ELF3 PrLD Q0

q(Å-1)

4℃

4℃

15℃

18℃

22℃

4℃rev

• Condensed phase exhibits structure factor peak in scattering curve                           

=> long range ordering

• Appearance of peak is temperature dependent
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SAXS – Hydrogel state

q(Å-1)

4℃

Hydrogel phase
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Phases of ELF3 PrD

Dilute Phase Condensate 
liquid phase

Hydrogel phase𝐹 𝑞 S 𝑞
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LLPS – SAXS Analysis

𝐼 𝑞 = 𝑠𝑐1 ⋅ 𝑃 𝑞 ⋅ 𝑆 𝑞 + 𝑠𝑐2 ⋅ 𝐼𝑐ℎ𝑎𝑖𝑛 + 𝑏𝑎𝑐𝑘 +
𝐴𝑃

𝑞4

Revolution 
ellipsoid form 
factor 

Structure factor Overall (“total”) background considering the 
contribution of:

1) the chains in the disordered proteins to the 
overall scattering, modeled by a Gaussian 
chain like scattering

𝐼𝑐ℎ𝑎𝑖𝑛 𝑞 =
2 exp 𝑞2𝑅𝐺

2 −1+𝑞2𝑅𝐺
2

𝑞2𝑅𝐺
2 2

2) The diffuse background, a constant term;

3) The possible presence of large aggregates.

1) 2) 3)

The parameters 𝑠𝑐1 and 𝑠𝑐2 are scale factors.

In collaboration with Dr Pedro Leonidas Oseliero Filho , University of São Paulo (now Liverpool University), in review
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LLPS – SAXS Analysis

Parameter Description Q0 Q7 Q20

𝑎[Å] Lattice factor or, in this case, lamellar periodicity. 146.3(3) 146.1(6) 157.6(3)

𝜎𝑎 [Å]
Quantifies the distortion relative to an ideal 2D-hexagonal lattice, being zero
for an ideal lattice.

0.106(6) 0.120(9) 0.070(6)

Γ
Full width at half maximum (FWHM) of the peak, the same for all peaks in
the SAXS curve.

0.0138(1) 0.0140(2) 0.0156(2)

𝜂
Varying from 0 to 1, is the fraction of Lorentz function in the Pseudo-Voigt
function.

0.21(4) 1.00(9) 0.07(3)

𝑐
Constant ensuring that the product of form factor and structure factor fulfils
the equation for the Porod invariant.

10(1) 10(8) 10(1)

𝑅[Å] Radius of the particles. 47.5(3) 44.9(7) 56.5(1)

𝜎𝑅[%] Relative polydispersity of 𝑅. 23(4) 16(4) 18(1)

𝑅𝐺[Å]
Radius of gyration related to the polymer-like scattering due to the
disordered domains.

21(1) 32(9) 122(8)

𝑅𝐴𝑔𝑔[Å] Radius of the aggregates. 375(11) 237(5) 334(9)

𝜎𝑅𝐴𝑔𝑔[%] Relative polydispersity of 𝑅𝐴𝑔𝑔. 48(1) 60(1) 50(1)

𝑠𝑐1 Scale factor 0.056(3) 0.009(7) 0.037(1)

𝑠𝑐2 Scale factor 0.0013(1) 0.003(2) 0.026(3)

𝑠𝑐𝐴𝑔𝑔 Scale factor 0.92(1) 0.93(1) 0.94(1)

𝑏𝑎𝑐𝑘

× 10−6
Constant incoherent scattering contribution. 158(1) 372(1) 86(1)
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Biomechanical Properties of liquid droplets- Atomic Force Microscopy

0 5µm

0

0 0

0

0

5µm

1µm 12mN/m

12mN/m

12mN/m5.5kct/

s

5.5kct/

s

3.5kct/

s
2.5

3

4

Q0

Q7

Q20

Topography Confocal Stiffness

AFM – Confocal microscopy

correlative microscopies- AFM and 

fluorescence

Collaboration with Luca Costa, 

CBS Montpellier

Stiffer

microenvironments
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AFM – Topography and Stiffness

Q7 Q20 

0 0 02µm 1µm 2.5µm

Q0 Q7 Q20

0 0 0100kPa 500kPa 300kPa

Wide-field fluorescence and AFM on 
same droplets

Height profiles- step-like pattern 
suggesting flat lamillar layers

Stiffness is variable within the droplet 
and due to the protein sequence 
microenvironments arise during aging
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ELF3 acts as  a direct ambient  temperature sensor 

by undergoing LLPS. 

Small changes in the aa sequence of ELF3 

changes LLPS in vitro and likely in vivo.

Possibility to  manipulate temperature response 

pathways in plants in a highly precise and predictable 

manner.

Macromolecular condensates are dynamically structured

Conclusions
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Cartoon representation of LLPS formation

°C

Conclusions
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