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- OUTLINE OF THE PRESENTATION

» Beamlines/Laboratories in the structural biology group

» Structural Biology at the ESRF Today

» New avenues:

» Adding the 4th dimension to the structural analysis
The use of pressurized gases in structural biology
Drug discovery with fully automated beamlines

From solution to EM structure: SOS pipeline

YV V VYV V

Beyond single particle analysis, cryo-Electron Tomography
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- BEAMLINES/LABORATORIES IN THE STRUCTURAL BIOLOGY GROUP

X-ray Macromolecular crystallography (MX)
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ID30A-1: fully automated 12.8 keV, 20-100 um

 |D30B: o
} tunable 6-20 keV (2.0-0.62 A), 20-50 um
* |ID23-1:
 ID30A-3: minifocus 12.9 keV (0.96 A), 15 pm
e ID23-2: microfocus 14.2 keV (0.87 A), 5 um

 EBSL8 (ID29): serial, nanofocus 10-25 keV (1.24- 0.5 A),

« BMO7/FIP2: tunable 7-15 keV, 50 um — 250 um

Cryo-Electron Microscopy

e CMO1: 300 kV, single-molecule
 CMO02: 300kV, single-molecule/tomography

Complementary methods

Small angle X-ray scattering (SAXS)

e BM29: 7-15 keV, 50 um — 1.0 mm

high-throughput, online size exclusion purification

win £7jbS

* icOS: In crystallo optical spectroscopy: UV/Vis
absorption, fluorescence, Raman

 HPMX: high-pressure crystal freezing 200-2000 bar, cryo-
protectant free cooling, introduction of gases
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STRUCTURAL BIOLOGY AT THE ESRF/PARTNERSHIP FOR STRUCTURAL BIOLOGY

SAXS, EM MX
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European Molecular Biology Laborator.

On/off-line

Biochemical
/Biophysical in Crystal soote
experiments spectroscopy IbS
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i complexes

Dynamics,
DNA, RNA +/- Membrane ambient

Protein proteins temperature

“High resolution” Drug target
Structures interactions
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NEW AVENUES: ADDING THE 4™ DIMENSION TO THE STRUCTURAL ANALYSIS

Time-resolved serial crystallography (TR/RT SSX)
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* Repeat many times to build up signal to noise.

+ Repeat with different values of At to build up a series of

time-resolved datasets
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X-ray diffraction

SAXS
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WAXS
NMR

Millisecond or microsecond time resolution

Caged compounds at RT; reactions initiated by laser or X-ray
pulse (photo/radio-active substrate or prosthetic group).

Requires in crystallo and in solutio spectroscopy

Molecular movies
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NEW AVENUES: ADDING THE 4™ DIMENSION TO THE STRUCTURAL ANALYSIS

Time-resolved serial crystallography (TR/RT SSX)

Drug design i O Biofuel

* Characterize and optimize
biochemical processes for
production new carburants

* Exploit room temperature
fragment screening

* [dentify time dependent
structure: ligand
complexes

» Exploit novel sources for
bioenergies

Enzymology Serial and Time resolved Bioremediation

» Study enzymatic reaction Crystallography » Study and engineering of
in crystals macromolecular
complexes involved in
*Enzyme design and Photobiology h bioremediation
repurposing by synthetic :
biology * Study light activatable » Develop enzymatic
- biological processes processes for plastic

waste treatment

* Investigate light
dependent biochemical
reaction
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TR-MX ON A BLUE-LIGHT PHOTORECEPTOR

(a) (b) Dark state Triplet state
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Courtesy of A. Royant
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TR-MX ON A BLUE-LIGHT PHOTORECEPTOR

Millisecond to second timescale

ID30A-3: RT-TR-SOX with jet ID23-2: RT-TR on SOS chip

4158 ms

cryotrapping + radiation damage
ID30B: Raman

470 nm

||» Microsecond timescale, D29

High resolution diffraction Serial and time

resolved
crystallography
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NEW AVENUES: USE OF PRESSURIZED GASES IN STRUCTURAL BIOLOGY

Water phase diagram 14.3keV
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Mapping functional channels Probing surface functional cavities Crvstals flash-cooling without crvo-protectior
in proteins of proteins (allosteric effect) y ooling yo-protection.
Zacarias, S. et al., JBIC, (2020) Melnikov, 1. et al., Comm. Bio., (2022) Noble gases derivatives structure determination

Ar, 2000 bar
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/| Mechanistic analysis of
binding sites in gas
dependent proteins
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Pressure induced local structural modifications for ligand binding
Prangé, T. et al., Acta Cryst. D, (2022)

£2 Inhibitors
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NEW AVENUES: DRUG DISCOVERY WITH FULLY AUTOMATED BEAMLINES

OH

MASSIF-1, ID30B

Before the experiment
on-line booking
User office invitation
Samples declaration
Samples shipping
Experiment design

During the experiment
Crystal mounting
Crystal centering
Diffraction plan
Data collection

After the experiment
Data collection processing
Structure determination

J. Chem. Educ. 2017, 94, 3, 335-344
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SERIAL LIGAND CRYSTALLOGRAPHY AND ALPHAFOLD PIPELINES
6§ o ©

Automatic SAD

Molecular
replacement from
user model

Molecular
replacement from
unit cell (Nearest

Processed data
Cell)

DIMPLE

MR from uniprot ID

UNIPROT ID

MR from EBI-
alphafold

\_ J
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NEW AVENUES: FROM SOLUTION TO STRUCTURE: SOS PIPELINE
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PHASE 0 USERS
(Starting from
liquid sample)

PHASE 1 USERS
(Starting from
unscreened
Frozen grids)

QUALITY OF SCIENCE AND SAMPLE

Receive proposal

=P
BTAP evaluation “'°C”EM'ST“ﬁ =

~|l=

EXCELLENT SAMPLE QUALITY
Approve proposal [liZ:TY] SEC, MALS, DLS, SAXS, ETC

VERIFICATION OF SAMPLE
QUALITY BY NEGATIVE-STAIN
EM WILL BE PERFORMED
ONE TIME WITH DIFFERENT
STAINS

W asseo)

VITROBOT

SAMPLE PREPARATION
FOR HIGH END CRYO-EM

' Tl WILL BE PERFORMED

LEEEETES | THREE TIMES

GLACIOS

§jasseo)
High-end data collection

KRIOS

www.estrf.fr/cryoEM-SOS

Courtesy of I. Kandiah
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5 NEW AVENUES: BEYOND SINGLE PARTICLE ANALYSIS, CRYO-ELECTRON TOMOGRAPHY

Users can submit proposals from 15t June 2023 (friendly users from July 2023)

USER 300KV Krios with m Image processing pipeline

energy filter .
& Pre-processing
(Motion correction)

Cells frozen
on EM-grids Lamella

Cell culture Vitrification
on EM grids 3

Aligned tilt series

Sudbmit New Proposal
Fo create your Beamtime Application Form, select the appropriate Proposal by chicking on the correspoading button,

Eurorean Synciarotron Rapiation Faciiry
ESRF User Office

Cellular Tomogram

€S 40220, F-38043 GRENOBLE Cedex 9, France
Delivery address: 71 avenue des Martyrs, 38000 GRENOBLE, France ES
Tel: +33 (0)4 7688 2552; fax: +33 (04 7688 2020; email: userofi@esrLfr; web: http:/www.esel it
<
Application for Cryo-EM time at ESRF — Experimental Method
This dos ze of 12 pt. BioSAXS
The last 2 pay e samples for Single e Analysis or Cryo-ET
Cryo.EM (SPA/ Cryo-ET)
select the technique needed: [] Single Particle Analysis OR  [] Cryo-Electron Tomography Crystalography
SSX& TR-SSX —

double-click on the relevant box and choose ‘Default value'="Checked")

2roposal Summary (should state the aims and scientific basis of the proposal):

Safety
BSL1 samples are accepted.
BSL2, chemically fixed are OK. These samples need a ‘re-look’ for other modes of inactivation.

https://www.esrf.fr/CMO1

Courtesy of I. Kandiah
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THANK YOU!

ESRF =MBL I S NEUTRONS PQB

ul i Malegular Biol Lakbsaratar ISR CRRIONSS S
Ll e Furapean olecifar Bilogy eboretaty FOR SOCIETY Partnership For Structural Biology
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