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The Dand L:labs
and the new BDCS group
at ILL
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The BDCS Jroypology, Deuteration, Chemistry andSoft Matter) at ILL:
getting the best out of your neutron experiment!

Soft Matter Support Facilities (PSCM)

Infrastructure for ambitious large-scale soft matter research projects

a A

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.
a8 = Most studied topics

A Biomembranes and lipid assemblies

A Colloidal self-assembly (surfactants, polymers, microgels,
etc...)

A Smart Coatings

A Structure, dynamics, and function of proteins

Our major equipment

Light scattering

A LS 3D static and dynamic light scattering

A ALV multiangle static and dynamic light
scattering

A Cordouan portable light scattering

A Malvern particle size analyser

Solid and Liquid interfaces

A Beaglehole Picometer Light Ellipsometer

A Brewster Angle Microscope Nanofilm EP3
A 5+ Langmuir troughs

A Kriiss K11 Tensiometer and DS114 Drop

Spectrophotometry
A UV-Vis spectrophotometer
A FT-IR spectrophotometer

shape analyser Others
A Q-Sense Quartz Crystal Microbalance E4 A Teclis Foamscan Foam
Calorimetry and volumetry analyser
A 2 Differential scanning calorimeters (solids A Anton-Paar MCR 501
and liquids) Rheometer
A 2 Densitometers and sound velocity A Brucker Time-Domain NMR
meters A Extruders for vesicle

preparation

\ People: Leonardo Chiappisi, Martina Sandroni, Sandrine Verdon )

ILL Lipid Lab (L-Lab)

Developing Advanced Models of Biological Membranes

/

A Neutron scattering techniques are ideally suited
for the study of lipid bilayers that are major
components of cellular membranes.

A Ther ead dearth for biologically relevant
deuterated lipids which is both expensive and
difficult to synthetise them through chemical
synthesis.

A Ideally, reconstituted microbial lipids extracted
and purified from cells grown under deuterated
conditions  should work as model cellular
membranes.

HPLC coupled to an
ELS i detector for lipid

A The L-Lab has been successful in optimising Recreating
" . biomimicking

methods to extract, purify and characterise model
deuterated lipids produced in yeast and bacteria. membranes

Chemistry Lab Support Facilities

Enabling on-site sample handling and preparation

a A

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-me t er s,
laboratories are equipped with:

AGlovebox and glovebags under inert atmosphere
Kreeze dryer

ACold room and -80 ° C freezer

ACentrifuges (standard, large volumes)

Jovens and high-temperature furnaces (up to 1600 ° C)
/JsafeTech fume hood for dry nanoparticles manipulation
ASchlenk line

Chemicals

A stock of standard chemicals is available. The needs for D,O 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.

ultrapur

People: Krishna Batchu

\_

People: Martina Sandroni, Sandrine Verdon

\
/

ILL Deuteration Lab (D-lab)

Biomacromolecular Deuteration for Neutron Studies in Biology

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.

Activiti f the D-Lab:

A Production of deuterated biomolecules with different labelling
regimes for structural biology and dynamics via a proposal
system.

A Method development activity for advanced labelling strategies.

Biological organisms used in the D-lab

a2l
pea
S
i o

E. coli

Capability selections

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

A Purification of recombinant proteins and lipids by
FPLC, HPLC and flash prep chromatography.

A Quality control of produced biomolecules.

A Characterisation of small molecules using an
HPTLC system.

A Peptide synthesis, purification and
characterisation.

A Protein crystallisation.

People: Valérie Laux, Juliette M. Devos, Martine Moulin J
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Locations at ILL =

Joint staff with PSB partners (CIBB building)
Chemistry lab PSCM/ILL

(Science Building) (Science Building)

| @

Jennyfer Gauthier

Florent Bernaudat

Lipid lab
(Smence Buﬂdlng)

Martina Sandroni  Sandrine Verdon Leonardo Chiappisi

Deuteration lab
(CIBB Building)

_ AssfStant
a9 (Science Building

Emily Ryan AT e - _
Juliette Devos Valérie Laux



The ILUaboratories chemistryX

Science Building and Guide Halls

Main chemistrylab
(Science Building)

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




Xand PSCM

Partnership for Soft Condensed Matter
(with ESRF)

&

ALV multi-angle static Malvern particle size Cordouan DLS 3D LS static and Accurion Nanofilm Beaglehole picometer 5 different Langmuir
and dynamic light and zeta-potential dynamic light EP3 BAM ellipsometer troughs
\ scattering scattering J

- -
L4
=

Multi-cell DSC for DSC for solid samples Density meter Density and sound { Kriss K11 Q-sense E4 QCM-D Lipid extraction facility
k liquid samples velocity meter J \ Tensiometer

L
FT-IR UV-Vis Drop shape analysis / Teclis Foam analyser Rheometer Physica Self-Diffusion NMR
spectrophotometer spectrophotometer Contact angle MCR 501

THE EUROPEAN NEUTRON SOUREE

https://pscm-grenoble.eu/




Evolution of the Dlab

12/2021

12/2021 to 12/2023

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

head of Deuteration Lab

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

Jacques Jestin S R

f
_

V.
h

" - M. Moulin
hﬂ / Coresponsibles of t
4 1

THE EUROPEAN NEUTRON SOURCE



Staff associated withdlab staff over the years

"

Giovanna Fragneto Hanna Wacklin o A””te Martel_bl Rachel Morrison Robin Delhom
Science Director, ESS Scientist, ESS ns rumggzrells_?_ong © Post-doc PhD student

Krishna Batchu (2018)

Alexis de Ghellinck
PhD student

Giacomo Corucci
PhD student

Ralf Schweins
LSS group leader

(/;ﬁ‘\\\\ EUROPEAN
.\T@%;’I | SPALLATION (20%) ° s c ™
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Outreachand interactionwith the usercommunity
and our local partners

Stimulating new collaborations within ILL and external user community:

wCaosupervision of ILL PhD students
wWelcoming visitors/scientists from collaborators

wWAMBER research fellow project

Promoting neutrons to the (local and global) user community:
WPSCM User Meeting (February 2024) \ :
ot {. {LIROfAIKG 2y dbSdiiNEYA AY ©comiicombicéLL
wWEMBO SAXS/SANS practical course (September 202

wSupportlab/DEUNET meetings




Why deuteration

for neutron scattering?
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H
H(D)
12C
14N
160
325
>6Fe

Neutron scatteringin biology.

why deuteration?
- |+ Xrays 'H 2H 12C N %0 32§ P
— -0.3741 0.6671 0.6651 0.937 0.5803 0.2804 0.513
Neutrons coherent ® O O () © O
—
. 0.404 0.200 0.020
incoherent O O .
r
F -
Cy Jeffries et al. (2016)
= 4.5 Nat. Protocols 11(11), 2122
Gun? 3
— < a
0x 102 cm 4.0 x 102 cm Castellanos et al. (2017)
coherent scattering length Compt. Struct. Biol. J. 15, 117-130

o To Io Do

(scattering factor)

Neutrons induce (almost)o radiation damage
Low energy of neutrons allows to monitbrermal motions in samples
Neutrons have spin and areotope-sensitive(H! vs H=D)

Structureanddynamicscan be probeddoherentvsincoherentscattering)



Different neutron scatteringtechniques inbiology.
what kind of deuteration makessense

Reflectometry Spectroscopy

domain vibrations

HB breaking
rotational relaxation
translational diffusion

gy Pt 4

collective water sidechain
dipole fi {

conformational
transitions

protein tumbling

" 2 &
“ g HB vibr;tions 1 "
A € - (;8

0.15 0.2 = J;C% 3

Q@AY 0
‘ o.1-l1 ps 1—1:) ps 10—1:)0 ps 1—1l0 ns 10—1:)0 ns us
Cousin & Fadda (2020) EPJ Web of Conferences 236, 04001
o Xu & Havenith (2015) JCP 143, 170901
Heinrich & Lésche (2014) BBA 1838, 2341-2349
Crystallography SANS

Oksanen et al. (2017) Molecules 22, 596

Jacques and Trewhella (2010) Prot. Sci. 19, 642-657
Fukuda et al. (2020) PNAS 117(8), 4071-4077

THE EUROPEAN NEUTRON SOURCE



Neutron imaging
water uptake in maizeroots/ bone structures

concentration 00 0.1 0.2 b.3 0.4 [

CONRAD (MLZ, Berlin)

Totzke et al. (2021) Scientific Reports 11, 10578
(~100-200 em)

A X-ray tomography

C X-ray tomography

litanium

= implant
‘ | |
I =
Aluminium suppoit ‘|

NEXT (ILL, Grenoble)

Tornquist et al. (2021)
Physics in Medicine and Biology 66(13)

Tengattini et al. (2021)

Geomechanics for Energy and Environment 27, 100206

DSOGUAY3I G2 |
(ILL science strategy)

THE EUROPEAN NEUTRON SOURCE
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General expertise at band l:lab
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> 20yearsof biologicaldeuteration and expertise
at the ILL Blab (and L:lab since2017)

w Deuterationof biomacromoleculegproteins and nucleic acids):

per-, matchoutand specificleuterationregimes D-Lab proposals by application
2002-2023
Neutron NI\)IlR others
.. : 3% 1%
w Small moleculescholesterol, phospholipidducoseX Py

Neutron
Reflectometry
20%

‘ SANS

w Biomasdor general useplasmidicDNA 47%

w Adviceandsupportfor sample preparation and crystal growth

D-Lab proposals by nationality
2002-2023

w Method developmentactivity foradvanced labelling strategies Others

Czech Republi
zech Republic =

France

‘-%

Spain

(neutral lipids, steroldhopanoids peptides, cell free) ealy

Denmark

w Teaching activitie$HERCULES, PSB, XM o



- L y
——————— - :
- - /

Overviewof (biologica) deuteration regimes

HOW TO INCREASE SELECTIVITY IN DEUTERATION OF PROTEINS ?

Aanosjes

Residue specific
labelling

THE EUROPEAN NEUTRON SOURCE



Choiceof deuteration schemes
and practicalconsiderations

Neutrons applications

Inelastic neutron

Neutron Diffraction Neutron Reflectivi
&y scattering SANS
Localization of catalytic Structure of model membranes, Macromolecular and Cogﬁﬁg'fgsogrggg:sgﬂﬁcolilar
protons or water and the interaction with peptides, | hydration water dynamics conforrr?ations. of sinale saimits
molecules in enzymes proteins and DNA L J
within a complex
.. Perdeuteration Specific Amino acid Labelling =~ )
+— Perdeuteration % r— g Matchout deuteration
é Segmental deuteration 2 g e

50-100 mg 1-10 mg 100-500 mg 5-25 mg

LADI, DALI D17, FIGARO IN5, IN6, IN13, IN2S D11, D22, b33

THE EUROPEAN NEUTRON SOURCE



Principlesand challenges

of bio-deuteration
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Effectof deuteration on higherorganisms

WATER DEUTERIUM
OXIDE
ATOMIC WEIGHT 18.01528 g/mol 20.0276 g/mol
BOILING POINT (25 °C) 100 °C 101.4°C

& DENSITY 997 kg/m? 1105.9 kg/m*

FREEZING POINT (25 °C) 0°C 3.8°C

Systematicstudyof D,O on mice In vivo toxicity of D,O in
Barbouretal. (19341939 humanswastested over a
4-month period when 0.5
% of body water was

0-15% little change

Fig. 3. Plants of Atropa b

taining increasing concentrations of D:O. [Uphaus et al. (29)] 15_20)/0 hyper eXCItabI I Ity rep|acedw|th DZO W|th0ut

20-25%  aggressiveconvulsions, any adverseeffect on the
increasedbodytemperature recipient

25-35% death Steinberget al. (1967)

The growth of belladonna is
inhibited by D,O concentrations
above50 per cent.

D,O affects every process in the animal bofgentral nervous system, cardiac abnormalitie

and hormonal imbalances, disturbances in glucose metab&l)sm



Adaptation of microorganisms to growth in J®©:
why Isin vivodeuteration not straightforward?

GrowthinD ,0

Bacteria

Algae

Yeast

Euglena (protiste)

Embryo plants

}

Mammals

|

Adapted from Katz and Crespi (1970)

50 100

Effects of deuterium on Cyanobacteri&ynechococciys

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

Y adaptation may take weeks or several months !

"Solventlsotope Effect’ (SIEpasedon the propertiesof D,O moleculeasawhole, in particularits
effectson the structure of water andthe biologicalmacromolecules

"Deuterium Isotope Effeck (DIE),resulting from the ability of D,O to replace H with D in
biologicalmolecules The GD bond is severaltimes strongerthan the GH bond and thus more

resistantto enzymaticandevento chemicalkleavage



Deuteration does not always have undesired properties:

yd

GKSII gé KeRNRISYE R

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.

Chorea Is a medical condition and

Pharmacokinetic properties are improved ! ol i Deutetrabenazine
Chorea
o

o .mzﬂn o m‘";"’ ." H. __,.--"--..__| o -h-.,__|_a..,
gso { g : 1 'é?% IJ"g"":l""--""'.-::-'.‘;-..---'.'ﬁ." M -
£ o , Py o )
§ » ;-l é : f‘l P .. v:‘ G'fm.""-‘::'fm""‘-""l"

yr Coge ) 7 B8

': %‘“ ..... ’ = = ‘ w° ,,,,,,, This is a genetic disorder which b D D

0 3 & 9 2 15 1w n u 0 3 6 9 2 15 ® 1 u affects the functioning of the brain
Time (h) Time (h)
Doso 37.5 mg/day, day 7 Dose 37.5 mg/day, day 7

DeutetrabenazineAustedq is used for the treatment afhorea anabnormal involuntary movement
disorder associated with dzy t Ay Ju 2.y Qa RAaSl as

Deutetrabenazine is an isotopic isomertetrabenazinein which six hydrogen atoms have been replaced
by deuterium atomsThe incorporation of deuterium slows the rate of drug metabolialowingless
frequent dosing

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

THE EUROPEAN NEUTRON SOURCE



Publications

LATEST TOPICS~  MAGAZINE~  FEATURES~  COLLECTIONS~  PODCASTS

CHEMICAL & ENGINEERING NEWS

FO0D NEWSCRIPTS

Join ACS &8 Login

CHEMPICS JOBS Q f X in

Drinking science: Deuterated ethanol and
biochemical booze mimics

by Craig Bettenhausen

September 18, 2021 | A version of this story appeared in Volume 99, Issue 34

Putting the D in drinking

thanol gets the blame for hangovers and
alcohol-related organ damage, but the main
chemical culprit is a different molecule. As a
first step in metabolizing ethanol, the body
uses a liver enzyme called alcohol dehydrogenase to
convert it to acetaldehyde, which is toxic.“That
acetaldehyde is a very bad actor,” medicinal chemist
Tony Czarnik tells Newscripts. “It cross-links your
proteins, and that results in immune responses” that can
cause inflammation, cirrhosis of the liver, esophageal
cancer, and other ill effects.

Another enzyme, aldehyde dehydrogenase, comes along
next and converts acetaldehyde to acetate, a relatively
harmless molecule that the body can burn as fuel.

The problem is that acetaldehyde can accumulate in
between those two enzyme-catalyzed steps, especially

Modulator

Credit: William Ludwig/C&EN/Shutterstock
Alcohol alternatives: Chemists aim to keep the

fun parts of drinking but leave the hangovers
and organ damage behind.

when heavy drinking swamps the whole alcohol-metabolizing system. Some people also have
genetic factors that decrease the reaction rate or prevalence of aldehyde dehydrogenase. “That kind
of got me thinking that if | can slow the rate of that first step, | can decrease the concentration of
acetaldehyde present in your body at any given time,” Czarnik says. He immediately thought that

deuterated ethanol might do the trick.

Nomination deadline:

JAN. 21,2025

MOST POPULAR IN FOOD

Welcome to the age of fermentation

What’s in marshmallows, and how do
the ingredients work together to make
ooey-gooey treats?

Periodic Graphics: The chemistry of
candy corn

Cadmium mapping would aid Colombian
cocoa producers

How is coffee decaffeinated, and is it
safe to drink?




Specificexpertise for

tallor-made neutronsamples
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Specificexpertise at the Dand L:labs

w High cell density culture (HCDC) lwdicteria €. col), yeast and algae

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

chromatography
w Characterization of small biomoleculesaa HPTLC system
w Protein crystallization

w Peptide synthesis, purification and characterization

— MASS
HPLC SPECTROMETER

GAS CHROMATOGRAPH
Photobioreactor Fermentor Blchi chromatography THE EUROPEAN NEUTRON SOURCE




HighCellDensityCultures (HCDC)

w Optimize volumetric yield

w Maximize biomass productivity

Yeast expression system

iy L7
w Grow cells under controlled conditions . ﬁ;

f 5 B g / D,0 recycling process \
Levelof deuterationobtainedf 98%

Savings: 1008 /L around 20L/year are recycled: savifg&0000e

M.

A




Bioreactor. recombinantfed-batch culture

i Nutrients
s DIE@OSNRE T Hp e€ek3I 6pnArldSINIcFSNXNS vl 270
A« DYSGKIyYy2t T np exk3d 6&Staid Odz Gdz2NBO
s DI YAY2 TOAR I mnnn ek3d 060Stf FTNBSO

Fermentation run(E.colijaroundo p n n € ) )
Matchout Cost is moreesasonablein

’;\ﬁ Inoculum Feeding Feeding+inducer comparison with perdeuterated
- culture:
- Use of recycled J©
_ - H-Glycerol as carbon source
AcidBase | et Air Flow

Antifoam
Exit Gas Flow batch fed batch induction

o harvest S > <-mmm- |
resh Media Fee . . i i i '
\& batch  fed-batch !induction ! purification Quallty control
N !
alalgizizie — T e % 1
alafflL 2l | malon 241 725 geatpase 1 :
SRR e e deuterated i E !
Level Sensor Agitator [II [[ ] ﬂ ﬂ [[ pcucon, PTG 0015} cell paste ' g' A :
U ! !
N .: Sparger £EE \\ (o — ) ' v' \ :
Dissolved O, Sensor 54 O 5} 22 5L " oz . ! ‘=i Wi ""'"WM\‘ ;
: A \ T !
Thermocouple oo 00 CRE : “[ i !
o o %%, H S \M \ : PAGE Mass spec !
= 17 . i
L //‘ | : '
Blgidow || | 8 : =" ! ity > <o '

Do) OOBOD 01200 01600 DX 10000 1040 10600 11200 14600 12000 20000 200 20800 21200 21600 2200

w Only suited for organisms compatible with deuterated minimal media

w Optimization of protocolgtakes time THE EUROPEAN NEUTRON SOURCE



Perdeuterationof biomolecules

maximumcontrast, minimum background!
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Studyof protein-carbohydrate interactions
In bacterialinfection

Between :
¢ glycans from the host cell (human)

¢ proteins from the pathogenLLECTINS

Pseudomonas o z N , =
SHrens aeruginosa Influenza W LY UKS 21 h auHnun .1 O
s [ Aal ¢ o-fedistart ba2tdria RAstHzI

threatening to human health?seudomonas
aeruginosa; high priority pathogen

w Lectins : proteins that bind
specifically and reversibly to
glycans

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

O Galactose [ ] GalNAc P Fucose
@® Glucose M GIcNAc € Sialicacid @ Mannose

Imberty & Varrot, Curr. Opin. Struct. Biol. 2008
THE EUROPEAN NEUTRON SOURCE



In vivoproduction of L-fucosed,, In E. coli

Synthetic glycobiology:
oA fucoseproducingE. colstrain designed and enginereed at CERMAV
wOverexpressed and knockedit genes Cermav

: L. L _ Collaboration
Production, purification and characterization offucosed,.: CERMAV and Il
wAdaptation to fullydeuterated growth medium D-Lab.

oHigh ceHldensity batch production

oPurification and characterization of deuterated fucose

Gajdos et al. (202G lycobiology31(2), 151158.

THE EUROPEAN NEUTRON SOURCE



Singlecrystalneutron diffraction

w Use of perdeurated LecB lectin and perdeuterated fucose €Labp

400 um

LADAIII

w Continuity of the neutron density
map (Hbonding)

w Acidic residues in the binding site
are all deprotonated

Gajdos Let al.(2022)Nat. Communl13(1), 194.
w Design of glycomimetics

THE EUROPEAN NEUTRON SOURCE



A molecular mechanism for transthyretiamyloidogenesis

c d

(& B/Ala120 B/Mef119
D Se 50 D Ser50 [ R ¢ W17
\»} B/Th119.% '7ChamB, /‘ f ‘.amB,
*r \
<<< (o 31 o P N A LADI Il @ ILK< 2 A)

B/)\sp18\

Pr 52 7 N § :lr 7 ami
T119M-TTR S§52P-TTR #ﬂgam - #ﬂ RA%LE:
e i WT Tetramer f Monomer fold 9 Monomer-monomer interface h
Sl \ B . ; ‘g
OAB.\\ IS . . TTR mutations have beem identified
s Py . .- .
T ] in several severe familial amyloidoses
é : : 1 Dimer-dimer interface ] = « =« Tetramer simulations 7 1 o 2 (e " g " p O Iyn e u ro p athy/myo Card i 0 pathy)
B [cumamend ] | e nomar s il v
%00 T T r T T T T T T c
0 25 50 75 100 0 25 50 75 100 O 25 50 75 100
Time (ns) Time (ns) Time (ns)

Effect of S52P mutation

Perdeuterated protein Tevamer bimer Monormer

— Increased rate

B — AR — B \:zf:;z::r
L

Atomic details of specific mutations induce H
I%”j) —_— FbHrml
. — =8

Fb If rmatio

Folded

Fibril formation?

local conformational flexibility:

correlation with aggregation propensity?

Partially unfolded

Yee et al. (2019) NatComm 10, 925

=3

Effect of T119M mutation



Perdeuterationfor time-resolved (TR) SANS:
watching protein degradation in real time

e ) - : .

- ﬁ‘lB . E C ~ \ P . 3 "

- [— ‘q Neutron beam - ‘ 5 / 6 o .
R i window ==

trigger reactio

Fiber optics
(excitation + emission)

E3% ] L P
& 1 8 ] 5
20 8
15 [ 150
40 1 d-GFP + h-PAN
N 10- B 100 F
I\ Qo i I g
D, o
42% D,0
S 5 — L £
® t=0min Y 16 1 ~50 [
@ t=5.0min 1% [ r
® t=450min d-GFP + h-PAN 80 ]
= ; ——T . 0 e
7 89 2 3 4 5 6 7 809 2 1 T T R EEEn R
0.01 0.1 qlA’] 0 10 20 30 40 timelmin]

Ibrahim et al. (2017%cientific Rep7, 40948

!
i
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Watching protein degradation in solution by FRANS (lI)

£\ N
4N C
y Native GFP substrate 'IO_1 3
29 ) 5
a ?
a .
- 107 =
o 8
5
3
L3 &
3 10° 4 :
. d-GFP
- .
7 @ t=0min
e ‘ o —8— t=450min + h-PAN + h-20S
| 1 =
| T T T T T T T T
‘ 4 5 6 7 8 9 i 2 q A 1]

!
GFp GFP

+20S

(dD) 3ppnsed 310 502
1(0) [cm ™)

1l

0104 d-GFP + h-PAN h-20S =0
:“ N AGENCE NATIONALE DE LA RECHERCHE O‘OSé 19
N J7 n é 20
\ M , , E E -0
( Mabhieu et al. (2022Biophys. J119(2), 375388 el [

ﬁ‘, 5(,? |

GRS LI O 2 L S L I L S i U B L B L

)hydrolyzed GFP products dD rOtStretCI,E’ 0 10 20 30 40 time [min]
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Could this have been done by SAXS?

'

Mahieu et al. (2020EPJ Web Cor236, 03002



