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The BDCS group (Biology, Deuteration, Chemistry and Soft Matter) at ILL: 
getting the best out of your neutron experiment!

HPLC coupled to an 

ELS ïdetector for lipid 

purification

ÅNeutron scattering techniques are ideally suited

for the study of lipid bilayers that are major

components of cellular membranes.

ÅThereôsa dearth for biologically relevant

deuterated lipids which is both expensive and

difficult to synthetise them through chemical

synthesis.

ÅIdeally, reconstituted microbial lipids extracted

and purified from cells grown under deuterated

conditions should work as model cellular

membranes.

ÅThe L-Lab has been successful in optimising

methods to extract, purify and characterise

deuterated lipids produced in yeast and bacteria.

aILL Lipid Lab (L-Lab) 
Developing Advanced Models of Biological Membranes

Recreating 

biomimicking 

model 

membranes

Activities of the D-Lab:

Å Production of deuterated biomolecules with different labelling 

regimes for structural biology and dynamics via a proposal 

system. 

Å Method development activity for advanced labelling strategies. 

The ILL D-Lab has been operating for more than 20 years as a dedicated 

platform to support the deuteration of biological molecules for neutron 

scattering experiments. 

Capability selections

Å High cell-density culture for E. coli, yeast and 

algae.

Å Purification of recombinant proteins and lipids by 

FPLC, HPLC and flash prep chromatography.

Å Quality control of produced biomolecules.

Å Characterisation of small molecules using an 

HPTLC system.

Å Peptide synthesis, purification and 

characterisation.

Å Protein crystallisation.

Biological organisms used in the D-lab

E. coli Yeast Algae

a
ILL Deuteration Lab (D-lab)

Biomacromolecular Deuteration for Neutron Studies in Biology

blbla
Soft Matter Support Facilities (PSCM)
Infrastructure for ambitious large-scale soft matter research projects

Most studied topics

ÅBiomembranes and lipid assemblies

ÅColloidal self-assembly (surfactants, polymers, microgels, 

etc...)

ÅSmart Coatings

ÅStructure, dynamics, and function of proteins

The soft matter facilities at the ILL aim to offer a wide range of complementary 

techniques to the user community to allow improved sample preparation and beam-

time optimisation.

The laboratories are typically used for sample preparation, transfer to the sample

holders, buffers preparation, substrates cleaning, sample dilution and deposition,

sample hydration, dialysis, or thermal treatments before or during experiments. They

are used by both soft and hard matter users.

Laboratory equipment

Besides standard equipment (fume hoods, scales, stirrers, pH-meters, ultrapure water, é) the 

laboratories are equipped with:

ÅGlovebox and glovebags under inert atmosphere

ÅFreeze dryer

ÅCold room and -80 ° C freezer

ÅCentrifuges (standard, large volumes)

ÅOvens and high-temperature furnaces (up to 1600 ° C)

ÅSafeTech fume hood for dry nanoparticles manipulation

ÅSchlenk line

Chemicals
A stock of standard chemicals is available. The needs for D2O or specific chemicals are

assessed before each experiment. The users can request chemicals to be ordered by ILL to be

available onsite during the experiments. Costs will be invoiced after the experiment.

Our major equipment

Light scattering

ÅLS 3D static and dynamic light scattering

ÅALV multiangle static and dynamic light

scattering

ÅCordouan portable light scattering

ÅMalvern particle size analyser

Solid and Liquid interfaces

ÅBeaglehole Picometer Light Ellipsometer

ÅBrewster Angle Microscope Nanofilm EP3

Å5+ Langmuir troughs

ÅKrüss K11 Tensiometer and DS114 Drop

shape analyser

ÅQ-Sense Quartz Crystal Microbalance E4

Calorimetry and volumetry

Å2 Differential scanning calorimeters (solids

and liquids)

Å2 Densitometers and sound velocity 

meters

Spectrophotometry

ÅUV-Vis spectrophotometer

ÅFT-IR spectrophotometer

Others

ÅTeclis Foamscan Foam 

analyser

ÅAnton-Paar MCR 501 

Rheometer

ÅBrucker Time-Domain NMR

ÅExtruders for vesicle 

preparation

People: Leonardo Chiappisi, Martina Sandroni, Sandrine Verdon

blbla
Chemistry Lab Support Facilities

Enabling on-site sample handling and preparation

People: Martina Sandroni, Sandrine Verdon

People: Valérie Laux, Juliette M. Devos, Martine MoulinPeople: Krishna Batchu

Martina

Sandrine

Martine

Juliette

Valérie
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Leonardo

Florent

Jennyfer

EmilyWayne



T H E   E U R O P E A N   N E U T R O N   S O U R C E

Locations at ILL

Lipid lab
(Science Building)

Krishna Batchu 

PSCM/ILL
(Science Building)

Leonardo Chiappisi

Chemistry lab
(Science Building)

Martina Sandroni Sandrine Verdon

Deuteration lab
(CIBB Building)

Martine Moulin

Valérie LauxJuliette Devos

Joint staff with PSB partners (CIBB building)

Florent Bernaudat

Jennyfer Gauthier

Emily Ryan

Assistant
(Science Building)

Technical support
(Science Building)

Wayne Clancy
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The ILL laboratories: chemistryΧ
Science Building and Guide HallsScience Building and Guide Halls

FIG/IN5

ILL22

Main chemistrylab
(Science Building)

https://www.ill.eu/de/users/support-labs-infrastructure/chemistry-laboratories
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ΧandPSCM

Partnership for Soft Condensed Matter

(with ESRF)

https://pscm-grenoble.eu/
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Evolution of the D-lab

Departure T. Forsyth as head 
of the Life Sciences Group Retirement of M. Härtlein as

head of Deuteration Lab

12/2021

M. Moulin   V. Laux    J. Devos              
Co-responsibles of the deuteration platform 

12/2021 to 12/2023

Since 12/2023
(5-year detachment from CEA)

Jacques Jestin
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Staff associated with L-lab staff over the years

Rachel Morrison Robin DelhomGiovanna Fragneto Hanna Wacklin Anne Martel

Giacomo CorucciAlexis de Ghellinck
PhD student

PhD student

PhD studentPost-docInstrument responsible, 

D22, ILL
Scientist, ESSScience Director, ESS

(20%)

Krishna Batchu (2018)

Ralf Schweins

LSS group leader
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Outreachand interaction with the user community
and our local partners

Stimulating new collaborations within ILL and external user community:

ωCo-supervision of ILL PhD students

ωWelcoming visitors/scientists from collaborators

ωAMBER research fellow project

Promoting neutrons to the (local and global) user community:

ωPSCM User Meeting (February 2024)

ωt{. {ǇƻǘƭƛƎƘǘ ƻƴ άbŜǳǘǊƻƴǎ ƛƴ .ƛƻƭƻƎȅέ όWǳƴŜ нлнпύ

ωEMBO SAXS/SANS practical course (September 2024)

ωSupport-lab/DEUNET meetings 

© Communication office ILL
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Why deuteration

for neutron scattering?
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Neutron scatteringin biology:
why deuteration?

Å Neutrons induce (almost) no radiation damage

Å Low energy of neutrons allows to monitor thermal motions in samples

Å Neutrons have spin and are isotope-sensitive (H1 vs H2=D)

Å Structureanddynamicscan be probed (coherentvs incoherentscattering)

Castellanos et al. (2017) 

Compt. Struct. Biol. J. 15, 117-130 

Cy Jeffries et al. (2016) 

Nat. Protocols 11(11), 2122

X-rays

Neutrons
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Different neutron scatteringtechniques in biology:
what kind of deuteration makessense?

Cousin & Fadda (2020) EPJ Web of Conferences 236, 04001

Heinrich & Lösche (2014) BBA 1838, 2341-2349

Reflectometry

Crystallography

Oksanen et al. (2017) Molecules 22, 596

Fukuda et al. (2020) PNAS 117(8), 4071-4077

Spectroscopy

Xu & Havenith (2015) JCP 143, 170901

SANS

Jacques and Trewhella (2010) Prot. Sci. 19, 642-657
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Tötzke et al. (2021) Scientific Reports 11, 10578

(~100-200 ɛm)

Neutron imaging:
water uptake in maizeroots / bonestructures

CONRAD (MLZ, Berlin)

NEXT (ILL, Grenoble)

Törnquist et al. (2021) 

Physics in Medicine and Biology 66(13)

Tengattini et al. (2021) 

Geomechanics for Energy and Environment 27, 100206

DŜǘǘƛƴƎ ǘƻ ŀ м ˃Ƴ ǊŜǎƻƭǳǘƛƻƴΗΚ

(ILL science strategy)



T H E   E U R O P E A N   N E U T R O N   S O U R C E

General expertise at D- and L-lab
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> 20 yearsof biologicaldeuteration and expertise 
at the ILL D-lab (and L-lab since2017)

ω Deuterationof biomacromolecules(proteins and nucleic acids): 

per-, matchoutand specific deuterationregimes

ω Small molecules: cholesterol, phospholipids, fucoseΧ

ω Biomass for general use, plasmidicDNA

ω Advice and support for sample preparation and crystal growth

ω Method development activity for advanced labelling strategies 

(neutral lipids, sterols, hopanoids, peptides, cell free)

ω Teaching activities (HERCULES, PSB, AILMΧ)
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Overviewof (biological) deuteration regimes
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Choiceof deuteration schemes
and practicalconsiderations

Composition of macromolecular 
complexes. Observation of 

conformations of single sub-units 
within a complex

Localization of catalytic 
protons or water 

molecules in enzymes

Structure of model membranes,
and the interaction with peptides,

proteins and DNA

Macromolecular and 
hydration water dynamics

50-100 mg

LADI, DALI D17, FIGARO

1-10 mg 100-500 mg

IN5, IN6, IN13, IN16Χ

5-25 mg

D11, D22, D33
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Principlesand challenges

of bio-deuteration
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Effectof deuteration on higherorganisms

The growth of belladonna is
inhibited by D2O concentrations
above50 per cent.

Systematicstudyof D2Oon mice
Barbouret al. (1934-1939)

0-15% little change
15-20% hyperexcitability
20-25% aggressive,convulsions,
increasedbodytemperature
25-35% death

In vivo toxicity of D2O in
humanswastested over a
4-month period when 0.5
% of body water was
replacedwith D2Owithout
any adverseeffect on the
recipient
Steinberget al. (1967)

D2O affects every process in the animal body (central nervous system, cardiac abnormalities 

and hormonal imbalances, disturbances in glucose metabolismΧ)
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Adaptation of microorganisms to growth in D2O: 

why is in vivo deuteration not straightforward?

Ý adaptation may take weeks or several months !
Adapted from Katz and Crespi (1970)

Growth in D 2O

Bacteria

Algae

Yeast 

Euglena (protiste)

Embryo plants

Mammals

500 100

0 % 98  %

Effects of deuterium on Cyanobacteria (Synechococcus)

Various morphological abnormalities such as discoloration, 
enlargement of cells or formation of clumps are visible

"SolventIsotopeEffect" (SIE)basedon the propertiesof D2Omoleculeasa whole, in particularits
effectson the structureof water andthe biologicalmacromolecules.

"Deuterium Isotope Effect« (DIE),resulting from the ability of D2O to replace H with D in
biologicalmolecules. TheC-D bond is severaltimes strongerthan the C-H bond and thus more
resistantto enzymaticandevento chemicalcleavage.
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Deuteration does not always have undesired properties:

άƘŜŀǾȅ ƘȅŘǊƻƎŜƴέ ŘǊǳƎǎΗ 

Deutetrabenazine (Austedo) is used for the treatment of chorea an abnormal involuntary movement 
disorder, associated with IǳƴǘƛƴƎǘƻƴΩǎ ŘƛǎŜŀǎŜ.

Deutetrabenazine is an isotopic isomer of tetrabenazinein which six hydrogen atoms have been replaced 
by deuterium atoms. The incorporation of deuterium slows the rate of drug metabolism, allowing less 
frequent dosing.

Teva Pharmaceuticals received approvals from the Food and Drug Administration to market deutetrabenazine in early 2017.

Selective replacements of hydrogen by deuterium result in new medicines that generally 
retain the full biochemical potency and selectivity of the original chemical entity that 
contains only hydrogen. 

Pharmacokinetic properties are improved ! Deutetrabenazine
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Specificexpertise for

tailor-made neutron samples
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Specificexpertise at the D- and L-labs

ω High cell density culture (HCDC) ofbacteria (E. coli), yeast and algae

ω Purification of recombinant proteins and lipids by FPLC, HPTLC and Flash Prep 

chromatography

ω Characterization of small biomolecules via a HPTLC system

ω Protein crystallization

ω Peptide synthesis, purification and characterization

HPTLC

HPLC

MASS 
SPECTROMETER

GAS CHROMATOGRAPH

Photobioreactor Fermentor Büchi chromatography

HPTLC
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High CellDensityCultures (HCDC)

ω Optimize volumetric yield

ω Maximize biomass productivity

ω Grow cells under controlled conditions

ω Highest biomass/substrate yield όҒ1 g of cell paste / g of carbon source used)

ωϵϵϵΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŦƻǊ ǇŜǊŘŜǳǘŜǊŀǘƛƻƴΗ

D2h Ґ мллл ϵκ[

D2O recycling process

Levelof deuterationobtainedҒ 98%
Savings: 1000ϵ /L around 20L/year are recycled: savings Ғ20000ϵ

ActivatedCharcoal
RecycledD2ODistillation of D2O

Bacterial expression systems

Yeast expression systems

Algae
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Bioreactor: recombinant fed-batch culture

batch fed batch induction
harvest

FeedingInoculum Feeding+inducer

batch

deuterated

cell paste

fed-batch induction

Perdeuterated (and matchout) labelling

ω Only suited for organisms compatible with deuterated minimal media

ω Optimization of protocolstakes time

Matchout Cost is more reasonablein 

comparison with perdeuterated 

culture:  

- Use of recycled D2O 

- H-Glycerol as carbon source 

ï Nutrients

Á D-ƎƭȅŎŜǊƻƭ Ґ нр ϵκƎ όрл Ǝ ǇŜǊ ŦŜǊƳŜƴǘŀǘƛƻƴύ

Á D-ƳŜǘƘŀƴƻƭ Ґ пр ϵκƎ όȅŜŀǎǘ ŎǳƭǘǳǊŜύ

Á D-ŀƳƛƴƻ ŀŎƛŘ Ґ мплл ϵκƎ όŎŜƭƭ ŦǊŜŜύ

Fermentation run (E.coli) around орлл ϵ 
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Perdeuterationof biomolecules:

maximum contrast, minimum background!
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Influenza 
virus

Staphylococcus
aureus

MannoseGlucose GlcNAc Sialic acid

Galactose GalNAc Fucose

Imberty & Varrot, Curr. Opin. Struct. Biol. 2008

Pseudomonas
aeruginosa

Between :
ςglycans from the host cell (human) 

ςproteins from the pathogen : LECTINS

Studyof protein-carbohydrate interactions 
in bacterial infection

ω Lectins : proteins that bind 
specifically and reversibly to 
glycans

ω Many pathogens have lectins 
that can recognize specific sugars 
at the surface of human cells. 
First step of infection

ω Lƴ ǘƘŜ ²Ih άнлнп .ŀŎǘŜǊƛŀƭ tǊƛƻǊƛǘȅ tŀǘƘƻƎŜƴǎ 
[ƛǎǘέ όƭƛǎǘ ƻŦ ŘǊǳƎ-resistant bacteria most 
threatening to human health): Pseudomonas 
aeruginosa ςhigh priority pathogen
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In vivo production of L-fucose-d12 in E. coli

Production, purification and characterization of L-fucose-d12:

ωAdaptation to fully-deuterated growth medium

ωHigh cell-density batch production

ωPurification and characterization of deuterated fucose

Synthetic glycobiology:

ωA fucose-producing E. coli strain designed and enginereed at CERMAV

ωOverexpressed and knocked-out genes

Gajdos et al. (2021) Glycobiology31(2), 151-158. 

lactose

(min)

fucose IPTG

Collaboration  
CERMAV and ILL 
D-Lab.
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Single crystalneutron diffraction 

Gajdos L. et al. (2022) Nat. Commun.13(1), 194. 

ωUse of perdeurated LecB lectin and perdeuterated fucose (ILL D-Lab)

ωContinuity of the neutron density 
map (H-bonding)

ωAcidic residues in the binding site 
are all deprotonated

ωDesign of glycomimetics

400 µm

LADI-III
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A molecular mechanism for transthyretin amyloidogenesis

D17 and FIGARO

D22 and D22

Santamaria et al. (2022) JACS 144(7)

Perdeuterated protein

LADI III @ ILL(< 2 Å)

TTR mutations have beem identified 
in several severe familial amyloidoses:
(e.g. polyneuropathy/myocardiopathy)

Atomic details of specific mutations induce 

local conformational flexibility: 

correlation with aggregation propensity?
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Perdeuterationfor time-resolved (TR) SANS:
watching protein degradation in real time

D17 and FIGARO

42% D2O

Developed by
Anne Martel
(D22, LSS)

55/60 °C:
trigger reaction!

Risk of aggregation if PAN uncontrolled!Ibrahim et al. (2017) Scientific Rep. 7, 40948
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Risk of aggregation if PAN uncontrolled!

ω No aggregates
ω DCt άŘƛǎŀǇǇŜŀǊǎέΗ
ω {Ƴŀƭƭ άƻōƧŜŎǘǎέ ŀǇǇŜŀǊ

GFP
GFP 

+PAN
+20S

GFP 
+PAN

Mahieu et al. (2022) Biophys. J. 119(2), 375-388

άProtStretchέ

Watching protein degradation in solution by TR-SANS (II)
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Could this have been done by SAXS?

Mahieu et al. (2020) EPJ Web Conf. 236, 03002


