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The UK national synchrotron

ESA

Funding: 86% UKRI, 14% Wellcome Trust
33 beamlines in 8 groups

2 national cryo-EM facilities

>12k Users

>100 Companies



Investigating the structure of biological systems

MRC

ESA

(I03, I04, I04-1, VMXm, VMXi, I23, I24)



Combining techniques

MRC

Understand interactions and action across a large range of spatial and time 
domains (often weak and transient) 

Reveal inner workings of the cell with a full dynamic picture of living 
organisms 

Molecular description of cellular organization can transform fundamental 
science and understanding of disease processes 

Super resolution 
cryo-light microscopy 
combined with cryo 
X-ray tomography

Cryo-electron tomography

Atomic models from 
MX fit to averaged 
particles of two 
intermediates

Virus infected mammalian cells



What can we learn from structures?

ESA

Crystallography can tell us how a protein works

Electrostatics

Shape

Interactions with other molecules

Crystal Packing
Putative interaction surfaces

Fold

Putative function

Local structure

Catalytic mechanism
Protein-ligand complexes

Functional sites
Druggability

Conformation determinants

Docking sites

Evolutionary relationships



From gene to protein structures

PPUK

MPL

Diamond MX

MPL (membrane protein laboratory) 
A research and training facility for scientists interested in solving the 3D 
structures of these challenging proteins 

Crystallization Facility @ 
Harwell 
A high throughput platform open to 
academic groups and industry that 
provides users with an easy route into 
the VMXi beamline, the fully automated 
in situ and serial crystallography 
beamline at Diamond Light Source.  



MX - Wide portfolio of instruments



Beamline capabilities

• PADs

• Automation

• Pipelines

• Serial Crystallography

• Access (rapid/freq)

High Throughput

• Tuneable

• Rapid

• Variable focus

• High flux

• In situ

Microfocus

• Tuneable beamlines

• I23 dedicated

• Smart data collection 
strategies 

• Expert systems

Long 
Wavelength

• VMXi

• I24

• I03

• Screening

• Data collection

• CLIII

In situ

• Long wavelength

• Multi-axis strategies

• Inverse beam

• Wedged MAD

• Pipelines

Experimental 
Phasing

• In situ
• Containment Level II & 

III

• Schedule 5

Biological 
Containment

• Humidity control

• Spectroscopy

• Tomography

• Dynamics

• Fluorescence

Complementary 
information

• Diffraction image 
processing for SR 
Electron and XFEL data

• Collaborative effort

• Led and managed by 

DLS

Dials Project

• Experiment database

• Synchweb

• Data archive

• Data access

• Data reprocess

Data 
Management



the MX group team

I03
• Neil Paterson
• Mark Williams

I04
• Ralf Flaig
• David Aragao
• Pierpaolo Romano

I04-1 / XChem
• Frank von Delft
• Jose Brandao-Neto
• Alice Douangamath
• Louise Dunnett
• Anthony Aimon
• Daren Fearon
• Rachel Skyner

VMXi
• Juan Sanchez-Weatherby
• James Sandy
• Halina Mikolajek

I24
• Robin Owen
• Danny Axford
• Selina Storm
• Sam Horrell

I23
• Armin Wagner
• Kamel el Omari
• Vitaliy Mykhaylyk
• Ramona Duman
• Christian Orr

VMXm
• Gwyndaf Evans
• Jose Trincao
• Anna Warren
• Adam Crawshaw

Membrane Protein Lab
• Andrew Quigley
• James Birch
• Harish Cheruvara
• Nadisha Gamage

XFEL-Hub
• Allen Orville
• Pierre Aller
• Agata Butryn
• Tiankun Zhou
• Jos Kamps
• Robert Bosman

DIALS
• James Parkhurst
• Nicholas Devenish
• James Beilsten-Edmands
• Melanie Vollmar
• Luis Fuentes-Montero
• Graeme Winter
• David Waterman

Data Analysis & 
Management
• Graeme Winter
• Richard Gildea
• Irakli Sikharulidze
• Neil Smith
• Karl Levik
• Stu Fisher

Sample preparation
• Crystallisation
• XFEL Hub
• XChem
• SSX

User support
Felicity Bertram
Marco Mazzorana
Elliot Nelson

Industry
Alex Dias
Ailsa Powell
Jitka Waterman
Christofer Bjorkelid

Software

ISPyB

Controls Technicians Engineers



I04

Challenges and synergies

Challenging phasing

Throughput

Alternative approaches

Microcrystals

I04-1
I03

VMXm
VMXi

I24
I23



Doing smaller things better: microfocus

fixed target silicon nitride chip 
25,600 crystals/chip 

XFEL-Hub + I24 @

X-rays

3 microfocus beamlines: I24, I04 & VMXm

Full chip rastered in 6-20 mins 
10-50 ms/frame (+ pause at each frame)  
Tipically ~25 chips/12 hours



Serial approaches

for SSX/SFX (UK XFEL-Hub) 

- acoustic droplet ejection 
- liquid jets / LCP extruders 
- crystal levitation 

- Pump/probe dynamical studies 

Routine at I24 on standard MX beamtime 

XFEL-Hub + I24 @



Serial approaches

1.5 Å structure from 9000 crystals

XFEL-Hub + I24 @



Integrated structural biology offer
XFEL Hub: tools and strategies to enable dynamic structural biology facilitating 
- (time-resolved) serial structural biology experiments via sample preparation, delivery, data collection, and processing 

- the transfer of methods between XFEL, synchrotron, and/or cryo-EM sources 

- access to, and data collection from complementary facilities (DLS, CLF, eBIC) 



Going even smaller: VMXm
Features: 

< 500 nm beamsize 
in vacuum 
tunable 7-25 keV (2.0-0.57 Å)

vertical 
gripper

sample
hotel

sample
vessel

SEM
SEM

Sample X-Z
stages

Fluorescence 
detector

SED

OAV port

cryo
gripper

isolated
sample stage
and gripper

Sample
holder

beamstop XY

goniometer

VMXm @



Going even smaller: VMXm
SEM OAV

90 counts

3 counts



VMXm: the first structures

~2-4 µm crystals

27 crystals 
1.5 – 2.0° data per crystal 

Rigid body + restrained refinement 
DIALS, CCP4, REFMAC, COOT 

R/Rfree: 17.7/20.8

1.5 𝜎

CPV14

VMXm @



New phasing capabilities

I23 @

e (keV) λ(Å)

P 2.146 5.779

S 2.472 5.016

Cl 2.822 4.393

K 3.607 3.437

Ca 4.038 3.070

long wavelength beamline



Challenges

λ = 2d sin𝝑 ~ 10-7 bar
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I23 @



I23 @

K
19

Potassium
39.098

Mg
12

Magnesium
24.305

Peptidyl transferase center

Decoding center

Results - ion identification



Na/K transporter

I23 @

K
19

Potassium
39.098

P
15

Phosphorus
30.974

Results - ion identification

ribosome 70S
34 𝜎

FAD-binding

Mg
12

Magnesium
24.305

S
16

Sulfur
32.06

SLC7 transporter

• Data to 0.92 Å resolution
• No signs of specific radiation damage

• Very low background (1.6 counts in water 
ring, 0.1 counts at 1.0 Å resolution) from 
curved detector in vacuum

PETase



MX @

Increasing throughput

BART sample changer 

37 Unipucks 
597 samples 
exchange rate ~20 sec/sample 

2x EIGER2 XE 16M  

Pixel size: 75x75 µm2  
Pixels number: 18,093,576 
Frame rate: 560 Hz (EIGER 133 Hz) 
- time resolved studies 
Virtually no readout time



Logistics and dynamic scheduling

MX @

High capacity, automated store

Barcodes tracking 

Dynamic scheduling



Automation @

Automation - unattended data collection

Move on?
or
Don’t give up yet?

Automatically 
hunt the 
crystal

Yes we have one

Collect!!!

2.8Å data set!

P6M + BART 38 samples / 

hour

Unattended1am 1am



Automated processing pipelines

Data Collection

Data Reduction

Structure Solution

• Autoproc

BigEp

Thorough 
Phasing Pipeline
Up to 24 hours



VMXi - fully automated, user-free, in situ

VMXi @



@

High throughput fragment screening

Drug target

100-1000’s of small 
molecules

Fragment screening
• Guaranteed binding – but 

weak
• Potency through chemical 

elaboration

100,000’s complex 
molecules

Drug target

Conventional screening
• Searching for potent 

molecules
• Complex molecules à

Low probability

vs 
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Binding 
Assay

Fragment 
Library

Structure

Pre-selection of best compoundsScreen by crystal 



@

A screening pipeline

~700 datasets/day, unattended

Beamline I04-1

Protein crystals in plates

Fragment libraries

XChem Lab at Diamond

Fragment screening directly in crystals (one compound per crystal)

Crystal soaking/harvesting/data collection/processing (up to 1k crystal/week)

Routine since 2016

Since March 2020 COVID-19 targets/moonshot



Access to Diamond
Non proprietary (academic) 

Peer reviewed access based on quality  

• Free access 
• Publishable experiments 

Access modes  
• Single application - 6 months proposal 
• BAG – 2 year programme 
• Rapid access – apply anytime 
• XChem 

http://www.diamond.ac.uk/Home/
ForUsers/academics.html 

Proprietary (industry and academia) 

Organized via Industrial Liaison Office 

• No need to publish (industry and 
academia) 

• Allocated slots throughout the schedule 
• 10% of allocated beamtime 
• Direct access 
• Remote access 
• Mail-in data collection service 
• XChem fragment screening  

http://www.diamond.ac.uk/Home/
industry.html 



bright ideas start here


