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Standard vs serial crystallography
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Why serial crystallography?

Perfect for:

« small crystals

» sensitive samples (radiation, cryo)
» RT experiments (is cryo relevant?)
* dynamic experiments
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Why serial crystallography?

Perfect for:

« small crystals

» sensitive samples (radiation, cryo)
» RT experiments (is cryo relevant?)
* dynamic experiments
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What is conceivable at synchrotron/XFEL?



What is conceivable at SR/XFEL?

| membrane ion transport, signal cascades
photo-isomerization, charge separation, (H* coupled) electron transfer

protein synthesis
enzyme transition states

] enzyme catalysis
| domain motions l

‘ amino acid sidechain motions ‘

protein folding Pro isomerization |

electronic transitions
I bond vibrations ]

radioisotope half-life (F

| fluorescence lifetime I

<<| XFEL pulse

synchrotron photon bunch timing & patterns | XFEL pulse frequency
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fs ps ns s ms second

XFEL:

* higher time resolution
 smaller crystals

* single particles

Enzyme catalytic turnover
~ 1 us — seconds
Average enzyme turnover = 60 ms
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Synchrotrons available:

PETRA-III
Mambuurg, Germanry | Aemagne

1A, Denmark / Danemark

SLs
Viligen, Switzertand / Suisse

TSRF, Japan / lapon

Ugron, NY, USA

RITS-S8C, Japan/ Japon
_nustt. Japan / Japen

HSOR, Japan / Jagen

— ALBA
Stanford, CA, USA / €-U. > Sarceiona, Spain/ € 9 Az, Jordan / Jordanie

ELETTRA > \ >
Trieste, taly / ltabe 4 ¢ - . SAGALS
APS ’ Tosu , Japan / lapon
Argonne, &, USA / .-V,
SIRIUS
Campinas, Brazd [Brésé

Key / Légende S = _ . . -

R J NS, Beazd / Brésd

3rd generation synchrotron
under construction

Synchrotron de 3éme génération
en construction

” e Australian Syncheotron
2nd Mcaash, Austrata / Australie

NLS, Brazit / Brést

de 2éme

Proposed new synchrotron

Nouveau synchrotron proposé

Image from Canadian Light Source



XFELs available:

XFELSs in operation:

LCLS (USA)

*SACLA (Japan)

‘PAL XFEL (South Korea)
*SwissFEL (Switzerland)

European XFEL (Germany)




The XFEL-Hub at Diamond

Allen Orville Pierre Aller Agata Butryn
Pl Beamline scientist PDRA

Support of serial structural biology experiments (SR/XFEL) via:

Science & Technology ~ ~ sample preparation, |
@ Facilities Council - sample testing (BAG beamtime),

\NE“OOI“etrUSt - hardware for sample delivery,

- data collection,
- o0--BBSRC - data processing,
5,’” bioscience for the future - tra”""ng,
Medical N - travel assistance for UK XFEL users

Research

MRC

Transfer of methods between XFEL, synchrotron, and cryo-EM

diamond



Sample delivery



Liquid jet

Gas Dynamic Virtual Nozzle (GDVN)

| o

~10 ulL/min
e ~10m/s
* 10-100 mg protein

"E:_Gas

: - * Interaction
, '.‘point
Fi <y
K-B mirrors
50 fs @ 30 Hz = 1 min every ~300 years... microcrystals

107-1011/mL
Johansson et al., Nat Meth (2012)
Johansson et al., Trends Biochem Sci (2014)



High-viscosity (LCP) extruder
SACLA extruder
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e 3-300 nL/min

\
- \ « 100 uL of microcrystals

Liu et al., Séence (2013) '
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LCP/viscous media extruder

membrane protein
crystals in LCP

soluble protein crystals
in viscous media
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Fixed-target approaches

Embedded Protein Crystals

Fixed-target
Samples

LCLS XFEL

}' , Rapid movement of
KB Mirrors  the stages orthogonally

-

/" to the beam path

 scarce samples, “easy” to load

——=e"several chip & well sizes

* hit ratio of ~100%

. pump-p" be, mixing

g ——

Hunter et a#{Sci Rep (2014), http ‘

i

www.diamond.ac.uk/Instruments/Mx/124/

diamond



On-demand acoustic ejection with conveyor belt

ADE LDJ
transducer

three fiber coupled pump lasers (e.g. 527 nm)
two optical gates (850 nm)
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PolyPico acoustic ejector

FASTCAM Mini AX200 type 900K-M-32GB
Frame rate : 27000

Resolution : 512x432

[DER I 2019/05/22

P
—“PolyPico sample delivery
« 30-100 pL droplets
T updo 38 kHz
. disposable cartridge \
. cartridge dead volume 7.iL Current tine : +00:00:00.000009000(301)

diamond



SACLA XFEL 9-12 July 2019

——_— “Deciphering the structural basis of antimicrobial
resistance with non-equilibrium, tr-SFX
two optical

studies of beta-lactamase turnover” (Orville et al.)
gates (850 nm) $

Belt speed: 15 mm/s to 600 mm/s (100 ms - 4s)
PP . s ADE: 1 nL-2.5nL @ 30 Hz

PolyPico > 30 pL @ up to 38 kHz in bursts

|
I

FASTCAM Mini AX20@ type 900K-M-32GB

Frame rate : 10800
Resolution : 768x736
Date : 2019/05/22

1) ADE
2) PolyPico

,,,,,

X-ray
interaction
region

d ireCtion urrent time : +385.277777778(1) ms
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PolyPico
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IRDa commissioning SPB/SFX @ EuXFEL

10 Hz

300 ps

99.7 ms

>

10 pulses

—

|
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m PolyPico
>
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