
Serial crystallography at Diamond 
and XFELs 

Agata Butryn, PDRA 
XFEL-Hub at DLS 



single crystal rotation: 

dataset = 1000s images from 1 crystal 

serial methods: 

dataset = 1000s images from 1000s crystals 

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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Perfect for: 
• small crystals 
• sensitive samples (radiation, cryo) 
• RT experiments (is cryo relevant?)  
• dynamic experiments 

Why serial crystallography?
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pump-probe: 

t0: 1000s images = dataset 1 
Δt1: 1000s images = dataset 2 
Δt2: 1000s images = dataset 3 
Δt3: 1000s images = dataset 4 

(…) 



What is conceivable at synchrotron/XFEL?



What is conceivable at SR/XFEL?

Enzyme catalytic turnover 
~ 1 µs – seconds 
Average enzyme turnover ≈ 60 ms 

XFEL:
• higher time resolution
• smaller crystals
• single particles

SR
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Image from Canadian Light Source 

Synchrotrons available:



XFELs in operation:

•LCLS (USA)

•SACLA (Japan)

•PAL XFEL (South Korea)

•SwissFEL (Switzerland)

•European XFEL (Germany) 

XFELs available:



Support of serial structural biology experiments (SR/XFEL) via: 
- sample preparation,  
- sample testing (BAG beamtime), 
- hardware for sample delivery,  
- data collection,  
- data processing, 
- training, 
- travel assistance for UK XFEL users 

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

The XFEL-Hub at Diamond 
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Sample delivery



Johansson	et	al.,	Nat	Meth	(2012)

Liquid	jet

Johansson	et	al.,	Trends	Biochem Sci (2014)

microcrystals
107-1011/mL

Gas	Dynamic	Virtual	Nozzle	(GDVN)	

• ~10	uL/min
• ~10	m/s
• 10-100	mg	protein

50 fs @ 30 Hz = 1 min every ~300 years…



Liu et al., Science (2013)

High-viscosity (LCP) extruder

• 3-300 nL/min 
• 100 uL of microcrystals

SACLA extruder
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LCP/viscous media extruder 
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LCP-SSX at DLS I24



• scarce samples, “easy” to load 
• several chip & well sizes 
• hit ratio of ~100% 
• room temp & cryo 
• pump-probe, mixing

Fixed-target approaches

Hunter et al., Sci Rep (2014), https://www.diamond.ac.uk/Instruments/Mx/I24/



Acoustic conveyor belt

Fuller et al (2017) Nat Methods 14(4), 443-449

• Variable droplet size
• Variable belt speed
• Variable delivery 

frequency
• Time delay from s to fs
• Clean separation 

between samples
• Heterogeneous and or 

large crystals
• Flexible pump laser 

pulse schemes
• Spectroscopic analysis 

possible

On-demand	acoustic	injector	at	the	LCLS

7
Fuller et al.,  
Nat Meth. (2017)

On-demand acoustic ejection with conveyor belt



On-demand acoustic ejector at LCLS



PolyPico acoustic ejector

PolyPico sample delivery 
• 30-100 pL droplets 
• up to 38 kHz 
• disposable cartridge 
• cartridge dead volume 7 µL 



SACLA XFEL 9-12 July 2019
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1) ADE 
2) PolyPico

“Deciphering the structural basis of antimicrobial 
resistance with non-equilibrium, tr-SFX 
studies of beta-lactamase turnover” (Orville et al.) 

- Belt speed: 15 mm/s to 600 mm/s (100 ms - 4s) 
- ADE: 1 nL-2.5 nL @ 30 Hz 
- PolyPico > 30 pL @ up to 38 kHz in bursts 
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SACLA XFEL 9-12 July 2019



0.2 s, 10 drops @ 2.9 kHz 

0.6 s, 10 drops @ 1 kHz 2 s, 10 drops @ 2.9 kHz

0.2 s, 20 drops @ 6.1 kHz 

Isomorphous difference maps



PolyPico at SPB/SFX at EuXFEL 



IRDa commissioning SPB/SFX @ EuXFEL
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