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The UK national synchrotron

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

Cryo-TXM B24 102-2 VMXi
Microfocus MX 124 102-1 Vfl‘g)g(fax
Circular Dichroism B23 o

Y 104-1 MX and XChem
Long Wavelength MX 123 /‘ 104 Microfocus MX
MIRIAM: IR Microspectroscopy B22 il 105 ARPES
; \. 106 Nanoscience
Small Angle Scattering and Diffraction 122 \
107 Surface and Interface Diffraction
B07 VERSOX: Versatile Soft X-ray
108 Scanning X-ray Microscopy

109 SISA: Surface and Interface Structural Analysis

High Throughput SAXS B21
Inelastic X-ray Scattering 121

LOLA: Versatile X-ray Spectroscopy 120

Small-Molecule Single-Crystal Diffraction 119 ._T\

CoreXASB18 ‘\ \ 110 BLADE: X-ray Dichroism and Scattering
Microfocus Spectroscopy 118 @

111 High Resolution Powder Diffraction
Test Beamline B16 '7 Long Duration Experiments (LDE)
Materials and Magnetism 116 DIAD: Dual Imaging and Diffraction (K11)
XPDF: X-ray Pair Distribution Function 115-1
Extreme Conditions 115 112 JEEP: Joint Engineering, Environmental and Processing

Hard X-ray Nanoprobe 114
) 113 X-ray Imaging and Coherence

2 national cryo-EM facilities
>12k Users

>100 Companies diamond



Investigating the structure of biological systems

IR Microspectroscopy (B22) Circular Dichroism (B23) Electron Bio-Imaging Centre (eBIC)

woes )

Macromolecular Crystallography
(103, 104, 104-1, VMXm, VMXi, 123, 124)

X-ray Imaging (113) X-ray spectroscopy Cryo soft X-ray microscopy (B
(108,118 &114)

XFEL hub for
femtosecond

nano-
r_ L

Computational tomography

diamond



Combining techniques

Virus infected mammalian cells

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

Atomic models from
MX fit to averaged
particles of two

§ intermediates

Cryo-electron fomgry

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

diamond



What can we learn from structures?
Crystallography can tell us how a protein works

Shape

Crystal Packing
Putative interaction surfaces

Fold
Electrostatics Putative function
Evolutionary relationships
Interactions with other molecules
Docking sites
Local structure
N Catalytic mechanism
Protein-ligand complexes Conformation determinants
Functional sites
Druggability

diamond



From gene to protein structures

Crystallization Facility @

Harwell

PPUK 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.

p— Diamond MX

MPL (membrane protein la
A research and training facility for scientists interested in solving the 3D

structures of these challenging proteins diamOnd




MX - Wide portfolio of instruments

Minimum Crystal size
M
- F) VMXm (0.57-2 A)MAD,SAD (L1 Crystals: <500 nm and above
<
:2qm ——— ]
o VMXi (0.42-1.25 A) MAD,SAD L1

? @ E Crystals: 2 um and above

124 (0.7-2A) Crystals: 2 um and above

? @ N MAD, SAD CL1,
= 08106976747 057 [N ko 5ao

Crystals: 2 um and above
210*10 um E
& l04-1 (0.524)) Z ) & SAD (8r, Se) L1
= Crystals: 10 um and above

Crystals: 10 um and above CL1

103 (o.s-z.sA)E g MAD,SAD CL1, 3

nanofocus

microfocus

? Highly automated
@ Serial

Remote access
N

in situ experiment

-

CL1,2,3 Max level of biocontainment

MAD, SAD measurements

2 Room temperature

L ‘ Crystals: 10 um and above
N I B P
5 keV 10 keV | 15keV 20 keV 25 keV/ 30 keV 35 keV

diamond



Beamline capabilities

e N e N
¢ PADs * Tuneable

e Automation * Rapid

* Pipelines ¢ Variable focus

o Serial Crystallography ¢ High flux

* Access (rapid/freq) e In situ

¢ Tuneable beamlines
¢ |23 dedicated

* Smart data collection
strategies

¢ Expert systems

High Throughput

( .
e |n situ

e Containment Level Il &
1

e Schedule 5

Biological

Containment

p
¢ Humidity control

B

e Spectroscopy
e Tomography
e Dynamics

¢ Fluorescence

Complementary
information

e Diffraction image
processing for SR
Electron and XFEL data

¢ Collaborative effort

¢ Led and managed by
DLS

e e

o VMXi ¢ Long wavelength

* |24 * Multi-axis strategies
*103 ¢ Inverse beam

¢ Screening ¢ Wedged MAD

¢ Data collection ¢ Pipelines

e CLIII

Experimental

Phasing

¢ Experiment database
¢ Synchweb

¢ Data archive

¢ Data access

¢ Data reprocess

Data

Management

diamond




the MX group team

124 XFEL-Hub
* Robin Owen * Allen Orville
* Danny Axford  Pierre Aller
* Selina Storm * Agata Butryn

* Sam Horrell o * Tiankun Zhou

: * Jos Kamps

* Robert Bosman

User support
Felicity Bertram
Marco Mazzorana
Elliot Nelson

104-1 / XChem g VMXi
.

 Frank von Delft - . :  Juan Sanchez-Weatherby

« Jose Brandao-Neto N * James Sandy . i |ndust|’y

* Alice Douangamath * Halina Mikolajek

 Louise Dunnett - \ N » A|eX DiaS

* Anthony Aimon

= Rathel synar o4 T L aa Ailsa Powell
« Ralf Flaig ‘ . ) Jitka Waterman

* David Aragao

Ry e Gy s Christofer Bjorkelid

103 { - e 23
* Neil Paterson . ¢ Armin Wagner
* Mark Williams - . ’ X 4 * Kamel el Omari
. « Vitaliy Mykhaylyk
* Ramona Duman
e Christian Orr

VMXm A . Membrane Protein Lab
* Gwyndaf Evans g * Andrew Quigley

« Jose Trincao * James Birch
.- Anna Warren !  Harish Cheruvara
¢ Adam Crawshaw * Nadisha Gamage

DIALS

* James Parkhurst
* Nicholas Devenish

* James Beilsten-Edmands
* Melanie Vollmar
* Luis Fuentes-Montero

* Graeme Winter
* David Waterman

Sample preparation
* Crystallisation
« XFEL Hub

* XChem
* SSX

Riffraction Integration for Advanced Light Source:

Data Analysis &
Management

* Graeme Winter
* Richard Gildea

o Irakli Sikharulidze
* Neil Smith

* Karl Levik
* Stu Fisher

Controls Technicians  Engineers

diamon



Challenges and synergies

tlO
03 1041

vmxi Xxm

124
123

Microcrystals
Challenging phasing
Throughput

Alternative approaches diamond



Doing smaller things better: microfocus

Vo5 [ a3 T
GO g|e the best beamline in the world § Q i \ ¢ \ e = - |
o \ / ,~\ \ , ‘ ‘ﬂ,
Q Al ¢ ¢ i News i More ing 4 D i P < et
¢ ) 3 % 'f- \ 7 ; $i=

About 1,410,000 results (0.49 seconds)

Welcome to 124 - MX - Diamond Light Source
https://www.diamond.ac.uk > Instruments ~

124 is a tuneable microfocus beamline for MX. It was the first beamline if its kind to be built in
Europe and has been operating since 2008. In 2015/2016 the ...

3 microfocus beamlines: 124, 104 & VMXm

N X-rays

fixed target silicon nitride chip
25,600 crystals/chip

Full chip rastered in 6-20 mins
10-50 ms/frame (+ pause at each frame) ® oo

Tipically ~25 chips/12 hours

XFEL-Hub + 124 @ diamond



Serial approaches

for SSX/SFX (UK XFEL-Hub)

. -

H

46&&&
____ =

|
|
!
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- acoustic droplet ejection

- liquid jets / LCP extruders

- crystal levitation

- Pump/probe dynamical studies

Routine at 124 on standard MX beamtime

XFEL-Hub + 124 @ diamond



Serial approaches

1.5 A structure from 9000 crystals

XFEL-Hub + 124 @ diamond



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)

www.sfx-consortium.org
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Going even smaller: VMXm

Features:

< 500 nm beamsize

in vacuum :
tunable 7-25 keV (2.0-0.57 A)

cryo

e Fluorescence

detector

goniometer

holder

\'L

vertical
gripper

& sample
. hotel

ey -—

i
7

| N\

sample
vessel

VMXm @ diamond



Going even smaller: VMXm
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VMXm: the first structures

=T
. Oct 26, 2018 -

Summary of merging statistics 2 7 C rysta IS

Overall Low resolution High resolution

Resolution A 857150 153150 1.5 - 2.0° data per crystal
— 2 = Rigid body + restrained refinement
oo Vs " o g;;s DIALS, CCP4, REFMAC, COOT

cci/2 0.969 0.970 0.319 R/ Rfl"ee . 17. 7/2 0 . 8

VMXm @ diamond



New phasing capabilities

1 18
1A VIIIA
1A ] . 8A

1 Periodic Table of the Elements
H 2 13 14 15 16 17 H e

Hydrogen 1A 1A IVA VA VIA VIIA Helium
1.008 2A 3A 4A 5A 6A 7A 4.003
5 6 7 8 9 10
Li Be B C N o F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012 10.811 12.011 14.007 15.999 18.998 20.180
12 13 14 15 16 17 18
Na Mg 3 4 5 6 7 10 11 12 Al Si P S Cl Ar
Sodium Magnesium B IVB VB VIB ViIB V||| IB IIB Aluminum Silicon Phosphorus Sulfur Chlorine Argon
22990 | 24.305 3B 43 5B 7B / \ 1B 26.982 28.086 30.974 32.066 35.453 39.948
19 20 21 23
K Ca Sc Ti V
Potassium Calcium i i
39.098 40.078 44.956 4788 50.942
Mn

3 10 1 44 45 48 53
@ v T Fan Fua v 5 “an pd “Ag 04 “In Sn 'Sb To *1 'Xe

106.42 107.868 112.411 114.818 118.71 121.760 127.6 126.904 131.29

: E o 3 9 80 8 8 8 84 8 86
ekeV) AA)  py Holl TI ' Rn
cesmm Banum Platinum i i i i Radon
132.905 9 8 96 06 9 04 32 0 8 08 08 QO 09 O 222.018
87 88 8 10 111 112 113 114 115 116 117 118
Fr Ra P 2.146 5.779 Ds Rg Cn Uut FI Uup Lv Uus Uuo
I;r;gc(;;rg gZag.I(l)lg"S nn[\stsagcitlum Roe?églezr]uum capezr;n?c]mm m'mw: : [289] unknown [298] unknown unknown
Lanthani S 2-472 5-01 6 I
Seriec -
100 101 102 103
peunid Cl 2.822 4393 , cm Bk C_f ‘E‘s Fm Md No |_r
W 247070 | 247070 | 251080 | @254l 257095 | 2seA | Zsodor | [260]

K 3.607 3.437 eama e

sciencenotes.org

Ca 4.038 3.070

long wavelength beamline

123 @ diamond



Challenges

Air transmission

123 SH on puck base
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ion

Icat

ion identifi

Results

Peptidyl transferase center

19

K

Potassium

39.098

Decoding center

diamond
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Na/K transporter

o Datalto 0.92 Alresolutign.

Periplasm * No sign:s.of specific radiation damage

e Veryllow Backt gtmd(] .6 counts in water
ring, 0.1 counts at 1.0 A resolution) from

curved detector in vacuum

cCP

Sulfur C

32.06

SLC7 transporter PETase 123 @ diamond




Increasing throughput

BART sample changer

37 Unipucks
597 samples

exchange rate ~20 sec/sample

2x EIGER2 XE 16M

Pixel size: 75x75 pym?

Pixels number: 18,093,576

Frame rate: 560 Hz (EIGER 133 Hz)
- time resolved studies

Virtually no readout time

MX @ diamond



Logistics and dynamic scheduling

Dynamic scheduling

MX @ diamond



Automation - unattended data collection

lam Unattended lam

OO Y =

50 100 150 200 250 300 350

Automation @ diamond



Automated processing pipelines

0 Data Collection: characterisation or full set Per-image Analysis
: £ {1
Data Collection E i n ,
Ll i

Y
“ Strategy calculations — N Fast Data Processing: \( Data Processing

with xia2

60 [ EDNA, Mosflm & XDSME Fast_DP

EDNA: Strategy Calculations
[sen s

occarate n paalel Oeterminesymmetry

Run multiple

times in
parallel, with
differing

oespix » commecriey)
" ronmess

- parameters L | mrenare e smeree |
M 1 > CORRECT ot
Data Reduction U ... =
+  Standard native & anomalous om 5 ‘ e
High redundancy (SAD) Fast data processing employing XDS and
M (ilentle substantial parallelism — delivers merging
osflm ~ " .
statistics and scaled data in around 2
120 | ¢ Standard native & anomalous (no . B | g E p
exposure times) J | /
. Autoproc
» - N + -3d: XDS / XSCALE
/lef Map: DIMPLE @perlmental Phasing: Fast_Eh + -3dii: XDS / XSCALE all
— = — images for autoindex
i Ponness vouer © - N | p— -dials: DIALS / Aimless
L -t N I | L || S Bt . il | B Also: multi-xia2
s ||| 12| s || s Also: Spacegroup from ISPyB
y — Bl . 2 " 1030 minutes
}- o B SHELXD g SHELXE SHELXE "
Spacegroup 1N
Structure Solution =]

Mr BUMP Thorough

5?3*5@ ¥ a 'Egiy ;‘;\ PhaSing Pipeline

v s \_Up to 24 hours /

e
~10-30 minutes
&

diamond



VMXi - fully automated, user-free, in situ

Container: Z12368764

This page shows the contents of the selected container. Samples can be added and edited by clicking the pencil icon, and removed

1 2 3 4 5 6 7 8 9 101112 Score: Light Precipitate
o

IGOGTMOO®>»

Inspections 08:47 09-10-2015 (+d) [Adhoc] +

Movie Gap: 05 s pPlay
Sample

Protein pl_prot1 + Extra Fields

Sample Name A1d1_x1 Q View

Spacegroup  Click to edit

Comments aldl

.
+0d +5.2d < >
Screen Components
Component Concentration pH Click to edit Zoom: 69%

No components for this group

Proposals emasse v Projects Unit cell seareh Feedback Help
| x
Dastboard  Imaging Scheduies  Crystlisaon Screens  Giobal Presets  Beamine Parameters
Global Presets
+ Ada Preset

Global presets are currently being saved into "cm14559"

i
Box Size 10 x/10
- [—
Energy v
02 w1
e [ —
Exposure ooz s
Resolution 2.6 A
Beam Size 10 b( 10 hf bm
T ]
a5t  —
QRange 0.1 N
022 Vo ot 1 [Point Collection - aknd % .
B 12658 o
oD —
Exposure 10.0017 s
Resolution _2.6 A

5] Page

VMXi @ diamond



High throughput fragment screening

100,000’s complex
molecules

Conventional screening IE!
» Searching for potent o
molecules w
* Complex molecules 2 G)

Low probability \L

‘ Drug target l

VS
100-1000’s of small
molecules
Fragment screening
Q ’W-VO * Guaranteed binding — but
weak

O | A * Potency through chemical

J/ elaboration

‘ Drug target \

Fragment

Library

S
8

Structure

dojionysfdhest compounds

@ diamond



em Lab at Diamond

ent libraries

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

@ diamond




Access to Diamond

Non proprietary (academic) Proprietary (industry and academia)
Peer reviewed access based on quality Organized via Industrial Liaison Office
- Free access - No need to publish (industry and
- Publishable experiments academia)

- Allocated slots throughout the schedule
Access modes - 10% of allocated beamtime
- Single application - 6 months proposal - Direct access
- BAG - 2 year programme - Remote access
- Rapid access — apply anytime - Mail-in data collection service
- XChem - XChem fragment screening
http://www.diamond.ac.uk/Home/ http://www.diamond.ac.uk/Home/
ForUsers/academics.html industry.htm|

o
‘NEXT Instruct .
1T " ERG diamond
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