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ESS High Level Design

High	Power	
Accelerator	means	
more	neutrons	

An	Innova6ve	Target	Sta6on	that	
can	host	>30	instruments	

Flat	moderator	delivering	smaller	and	
brighter	neutron	beams	

High	brightness	and	tuneable	resolu6on	
makes	new	measurements	possible	
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Life science can make good 
use of the long pulse!
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• We can see light atoms → hydrogen 
posiRons 

• We can use isotope labelling to 
create contrast → protein-protein 
complexes, membranes 

• We can observe dynamics with 
neutron energy changes → relaRng 
dynamics to funcRon 

• We can see through large objects → 
water transport

Why neutrons for biological 
structures?

Crystallography

Small angle scattering

Inelastic scattering

Neutron Imaging 

Cervical vertebra of a grown-up Diplodocus. 
Computer- (CT) and neutron radiography (NT) 
complement one another in studying the internal bone 
structure. Researchers from the Museum of Natural 
History Basel have reconstructed the soft parts of the 
neck. The scientists could find out about the 
distrubution of hollows and thus the pneumatic 
structure. (CT-sctions: Kantonsspital Basel, NT-
sections: PSI)

Tomato&seedling:&&watching&water&uptake

U. Matsushima et al. NIMA 2009

Imaging

Reflectometry
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☺Hydrogens are 
visible 
☺No radiaRon 
damage 
☹Large crystals 
needed 
☹Data collecRon 
takes weeks 
☹Few instruments 
available

Oksanen, E et al. J. R. Soc. Interface 
2009, 6 Suppl 5, S599-610.

Enzyme mechanisms

Protein-ligand interactions

Proton transport across 
membranes

Where are hydrogens 
important?

Neutron Macromolecular 
Crystallography

Gerlits et al., (2017) J. Med. Chem. 60, p.2018



• X-rays scatter from electrons 

• Even at atomic resolution only part 
of hydrogens visible 

• Aldose reductase (0.66 Å) 54% of 
hydrogens visible 

• The more polar the less visible

Limits of X-ray 
crystallography 

X-ray (1.1 Å)



Why is hydrogen interesting?

 Ligand binding and protonation states

Fisher SZ et al. JACS (2012);134:14726-14729

Acetazolamide in Human Carbonic Anhydrase II
Three possible protonation 
states at physiological pH

Protonation state clearly 
determined by neutrons

Provides full picture of 
ligand binding



H7?

H9?

Mono- or dianion?

Enzyme mechanism

Urate oxidase

N7

O8

Oksanen, E.; Blakeley, M. P.; El-Hajji, M.; Ryde, U.; 
Budayova-Spano, M. PLoS ONE (2014), 9, e86651

Unexpected enol form 
(8-hydroxyxanthine)

Why is hydrogen interesting?



Neutron crystallography is 
still difficult
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• Weak neutron sources  
• Bigger crystals → more 

diffracting volume 
• Use Laue geometry → make all 

neutrons count 
• Incoherent scattering 

• Exchange 1H to 2H (deuterium) 
• Produce perdeuterated protein

Challenges for neutron 
crystallography

Oksanen, E et al. J. R. Soc. Interface 
2009, 6 Suppl 5, S599-610.



• Replace all hydrogen by 
deuterium 

• Exchange of mother liquor 
by D2O & deuterated 
reagents 

• Perdeuteration of protein = 
expression in D2O & 
deuterated carbon source

What can we do about 
incoherent scattering?

Indispensable!

Very helpful



• Uses more of the available flux 
than monochromatic methods 

• Signal at one λ- background at all 

• Data processing is more 
complicated → harmonic & 
spatial overlap 

• Very sensitive to crystal mosaicity

Laue Crystallography -using 
more wavelengths
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Key advantages of ESS 
Macromolecular Diffractometer

NMX – Macromolecular diffractometer at 
ESS

Smaller crystals needed (200 µm vs. 1 mm) 

Data collecRon faster (days vs. weeks) 

Larger unit cells possible (300 Å vs. 150 Å)

Partners
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Supporting facilities
Scientific idea

Prepare the 
sample material

Process the data

Does the sample need 
additional preparation 
(crystallisation, alignment)?

Yes

No

Prepare the 
sample

Ship or bring the 
sample to the ESS

Does the sample need to be 
conditioned or characterised 
by non-neutron methods 
within the controlled zone?

Yes

No

Condition and/or 
characterise the sample 
at the ESS

Perform neutron 
experiment

Dispose or store 
the sample

Analyze and interpret 
the data

Publication

Deuteration facility

Bio-crystallisation facility

DMSC simulation group

DMSC software suite

Instruments

Support laboratories for: 
Biology & soft matter 
Chemistry 
Physics 
Engineering

Mid-
term 
visitors

Mid-
term 
visitors

Short-
term 
visitors

Sample handling facilities

Sample handling facilities

DEMAX platform 
together with Lund 
University



QuesRons?

esko.oksanen@ess.eu

mailto:esko.oksanen@esss.se?subject=

