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What is Diamond

The UK national synchrotron
(86% STFC, 14% Wellcome Trust)




Phase 1
7 beamlines

+15 beamlines
ompleted 2012

Phase 3

+11 beamlines to
be available by
2020




33 beamlines (8 science groups)
2 national cryo-EM facilities
12k+ users

100+ companies

Structural biology-dedicated labs
(MPL, crystallization facility, XChem)

UK-XFEL Hub

~
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...to investigate the structure of biological systems

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

Fromcm
X-ray Imaging (113) X-ray spectroscopy Cryo soft X-ray microscopy (B24)  Macromolecular Crystallography

(108,118 &114)

XFEL hub for

femtosecond

= uyﬂ:l‘::;aphy
X-ra
Computational tomography X-ray |




Combination of techniques " diamond

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

Super resolution

cryo-light _ Atomic models  Molecular description of cellular
microscopy Cryo-electron from MX fit to T
tomography averaged particles  O7Z3Nization can transform fundamental
Cryo X-ray of two science and understanding of disease
tomography intermediates

pProcesses



What crystallography tells us about macromolecules

Shape
Crystal packing
Putative interaction surfaces

Fold

Putative function
Evolutionary relationships

Electrostatics

Interactions with other molecules
Docking sites

Local structure

Catalytic mechanism
Conformation determinants

Protein-ligand complexes
Functional sites
Druggability

diamond



Challenges and synergies

* Tuneable beamlines
* |23 dedicated

* Smart data collection
strategies

-
* VMXi

° 124

|03

e Screening

e N e
* PADs * Tuneable
¢ Automation ¢ Rapid
¢ Pipelines ¢ Variable focus
¢ Serial Crystallography ¢ High flux
e Access (rapid/freq) e In situ
High Throughput
e A

e In situ

¢ Containment Level Il &
1]

e Schedule 5

p
¢ Humidity control

Biological

Containment

%

e Spectroscopy
e Tomography

¢ Dynamics

* Fluorescence

Complementary
information

e Expert systems

e CLIN

e Diffraction image
processing for SR
Electron and XFEL data

¢ Collaborative effort

¢ Led and managed by
DLS

o \

¢ Data collection

" diamond

(- Long wavelength

¢ Multi-axis strategies
¢ Inverse beam

¢ Wedged MAD

¢ Pipelines

Phasing

¢ Experiment database
¢ Synchweb

¢ Data archive

e Data access

e Data reprocess

Data

Management

Experimental




Doing smaller things better: microfocus damond

e Tuneable
¢ Rapid

« Variable focus 3 microfocus beamlines:

¢ High flux
WB

* In situ




Microfocus for time-resolved studies diamond
Serial crystallography (SSX and SFX)

Shureap sg=ad 2
[igg ot saydy |

Uik Elge

Liquid jets/ LCP extruders Fixed target



Fixed target serial crystallography at 124 =3 damond

Bespoke mount in 124

Siliicon nitride chips Fast stages

25,600 positions/chip




Fixed target serial crystallography at 124 damond
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Full chip rastered in 6-20 mins l"
10-50 ms/frame (+ pause at each frame) 1.5 A structure

Typically ~25 chips/12 hours from 9000 crystals



The UK-XFEL Hub diamond aﬁﬁ,@ﬂ?&
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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

Fluorescence

Eripper detector

Sample
holder

goniometer

<500 nm beamsize
Integrated SEM

In vacuum

Tunable 7-25 keV (2.0-0.57A)

diamond

vertical

gripper

sample
vessel



Going even smaller: VMXm 7 damond

extremely low background



diamond

VEBE

Oct 26, 2048 -
27 crystals — —
1.5-2.0 deg/data per crystal S
:l:\::::'::n :I\;‘]“r.- ?(;j‘uh :Iy'}\'m
Rigid body+restrained refinement 2z = e a

Dials, CCP4, Refmac, Coot e

cc12 0,960 0970 0319



The need for long wavelength

¢ Tuneable beamlines
¢ |23 dedicated
¢ Smart data collection

strategies
g i ¥

e Expert systems

Biologically relevant elements

e (kev)  A(A)

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

]
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Xray absorption edges outside the
capabilities of standard beamlines

X-ray wavelength in &
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Challenges and solutions: conceptual ~3damond

Long wavelength increases the angle of diffraction
Need a curved detector to measure high resolution spots



Challenges and solutions: technological

(%)

long wavelength X-rays
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Bespoke sample holders




Results: ion identification

19

K

Potassium
39.098

Peptidyl transferase center

‘diamond



Results: ion identification

Na/K transporter

%

94

Datato 0.92 A
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No signs of speci
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Reaching longer wavelengths: 123

A
1A
1 Periodic Table of the Elements
H 2 13
Hydrogen 1A A
1.008 2A 3A
3 5
Li Be B
Lithium Beryllium Boron
6.941 9.012 10.811
1 12 13
N_a M 3 4 5 6 7 10 1 12 Al
ggdéugrs A Mazin;%lgm |;|BB IXBB \;g | V|B (_ V|| ﬁ | II Alumg!suzm
19 21 22 23
K Ca Sc Ti V
Calcium i i
o008 40078 44.956 47.88 50.942

43 5 6 47 48
Rubldmm Yﬂnum Zirconium lybdenum mium Indium
98.907 101.07 102,906 10642 107863 112411 114.818

55 5
C -
Cesium Barium
132.905

87 88 89-103

104 105 106 107

14
IVA
4A

C

Carbon
12.011

14
Si

Silicon
28.086

6

50
Sn

11871

mmmm& 71|

15
VA
5A

N

Nitrogen
14.007

15
HES

30 974

7

Sb

Antimony
121.760

Bsmum

16
VIA
6A
8

O

Oxygen
15.999

S

Sulfur
32,066

16

2

Te

Tellurium

127.6

Po

Polonium
08 Of

17
VIIA
7A
9

F

Fluorine

18.998

17
Cl

(!llonne

Oobalt Oopper Arsemc Bvomlne

126.904

8 86
Astatine
09 98

diamond

18
VIIA
8A

2
He
Helium
4.003

10
Ne

Neon

20.180

18
Ar

Argon
39.948

Xe

Xenon
131.29

Rn

Radon
222.018

108 109 110 111 112 113 114 115 116 117 118
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FlI Uup _Lv Uus Uuo
Francium Radium Ru(herfomlum Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Ci
223.020 226.025 61] [262] [266] [264] [269] [268] [269] [272) [277) unknown [2391 unknown [293] unknown unknown
anthanum cenum Terbmm snrosmm Thulmm Ytterbmm Lutetmm
» 101 102 103
Actinide A_c Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No r
3%"'0"2? 232 038 231 .036 238.029 237.048 244 064 243 061 247 070 247.070 251.080 [254] 257 095 258.1 259.101 ' [262]

© 2013 Todd Helmenstine

sciencenotes.org



Increasing throughput damond

EIGER2 XE 16M

Pixel size: 75x75 pm?

18,093,576 pixel

560 frames/sec (3600 frames in <7 sec)

BART sample changer:

37 unipucks

592 samples

Exchange rate approx. 20 sec/sample




diamond

Weland/Randex automated store

high capacity (up to 272 dewars)
barcode tracking (dewars and pucks)
logistics integrated in Synchweb/ISPyB
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Unattended data collection 7 diamond

Optimzed for e HWINN‘M\WHMI ) VMIHNVIW lW MWW o

0 50 100 150 200 250 300 as0

Xray-centering
and
strategies




Automated processing pipelines diamond

/Data Collection: characterisation or full set Per-image Analysis

Time /s

Data Collection

4 Strategy calculations — N\ Fast Data Processing: N rD:ta Processing

60 | EDNA, Mosflm & XDSME Fast_DP with xia2

- e e

Data Reduction

+ Standard native & anomalous
* High redundancy (SAD}

Fast data processing employing XDS and

;M c;f""e substantial parallelism ~ delivers merging
osflm o . .
statistics and scaled data in around 2
120 | - Standard native & anomalous {no P N Bi g E o]
\__ exposure times) | J

Autoproc

- N + 3d:XDS / XSCALE
@(penmental Phasing: Fast_Eﬁ + -3dii: XDS / XSCALE all
= 1 = images for autoindex

1 +  -dials: DIALS / Aimless

/" Diff Map: DIMPLE

..... e - -

e ‘
» Also: multi-xia2
Also: Spacegroup from ISPyB

-
~10-30 minutes
w

Structure Solution MrBUMP Thorough

@\%\ Phasing Pipeline
[ L P

: v\.&y kUp to 24 hou rs/

)
~10-30 minutes




-~ diamond

High throughput fragment screening

Fragment-based approach

Conventional screening
Screen by crystal

Preselection of best compounds

Fragment Blndlng Structure Fragment

100,000’s complex
molecules

Conventional screening

Library

Assay

0o/
T,

100-1000's of small
molecules

Fragment screening
* Guaranteed binding — but

weak
* Complex molecules 2> * Potency through chemical
Low probability elaboration

* Searching for potent —m
molecules GW

=2
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A fragment-screening pipeline

em Lab at Diamond

libraries

00 datasets/day, unattended

Protein crystals in plates

" diamond

1 crystal - 1 fragment

Soak/harvest/collect data
(up to 1000 crystals/week)

Routine since 2016

March 2020 COVID-19 targets



Access to Diamond

Non-proprietary (academic)

Peer-review access based on quality of proposal
Free access
Publishable experiments

Access modes:
BAG (2 year programme)

Single application (¢ months)

W 8CCe88 (apply anytime for one-off experiments)

MX beamlines, XChem
& INEXT

i' Instruct

ERIC

diamond

Proprietary (industry and academia)

Organized via Industrial Liaison Office
No need to publish
Allocated slots throughout the schedule
10% of allocated beamtime

Services provided:

- Direct and remote access
Unattended data collection
Mail-in data collection and analysis service
XChem fragment screening
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I t i * Robin Owen * Allen Orville

* Danny Axford  Pierre Aller

* Selina Storm « Tiankun Zhou

* Sam Horrell  Jos Kamps

. * Robert Bosman

Science group Leader
Dave Hall

104-1 / XChem - VMXi

* Frank von Delft 5 . * Mike Hough

« Jose Brandao-Neto . « Juan Sanchez-Weatherby
« Louise Dunnett - « James Sandy

* Daren Fearon * Halina Mikolajek

* Charlie Tomlinson

« Warren Thompson

«Ralf Flaig

eDavid Aragao
*Marco Mazzorana
Pierpaolo Romano

103 4 | & R

 Neil Paterson : ; o ¢ Armin Wagner G . - .
« Mark Williams ; b : + Kamel el Omari - Industrial Liaison
* Vitaliy Mykhaylyk y i
* Ramona Duman Alexandre Dias
« Christian Orr Jitka Waterman
Ailsa Powell

o ¥ 2
VMXm - . . Y Membrane Protein Lab 4 X i
) ) ) Christofer Bjorkelid

U ser S u pport * ijyr.;'d.af Evans t : « Andrew Quigley
- « Jose Trincao e
Felicity Bertram T S j e Chonvara
Marco Mazzorana @ oo L
Elliot Nelson

DIALS

* James Parkhurst
* Nicholas Devenish

* James Beilsten-Edmands
* Melanie Vollmar
* Luis Fuentes-Montero
* Graeme Winter
+ David Waterman

Sample preparation
 Crystallisation

« XFEL Hub

* XChem

o SSX

Data Analysis &
Management

Electrical and

MeChanicaI * Graeme Winter .
Technicians and el Beamline controls
Engineers J james el

* Stuart Fisher

diamond



*" diamond

bright ideas start here



