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Deuteration is important & necessary for neutron
experiments

* Molecules from living organisms are abundant in hydrogen, spec. 'H isotope

* Deuteration: replacing endogenous 'H with 2H to greater or lesser extent through a
variety of methods (H/D exchange, partial deuteration, perdeuteration)
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Determine position of H atoms
in macromolecular structures
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H/D Exchanéed Perdeuterated

https://journals.jps.jp/doi/pdf/10.7566/JPSCP.25.011003

Limitations of biodeuteration

* Limited number of species tolerate D,O — highly
toxic in higher organisms (insects, mammals,
plants) >30%

* Cells are not happy in D,O: slow growth, low yields

* Requires a lot of very expensive D,0 and carbon
source (e.g. glycerol-d8)

* And biophysical properties of d-proteins are altered
AR5 Trgle mutan ASP25 (solubility for e.g.)

HIV-1 PR



DEMAX overview

e DEMAX is the ESS user support lab that offers
deuteration and crystallization service & support

* We are part of the CLS group in the Science Directorate

* We broadly support the chemistry, life science, and soft
matter community with access to deuterated materials
(small & large molecules) as well as large protein crystal
growth
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DEMAX Platform

ﬂ Chemical Deuteration “ Biological Deuteration @ Protein Crystallization

Small organic molecules, monomers Deuterated biomass from E. coli, B. High- and low-throughput screening

Lipids (e.g. POPC, SOPC, POPE) braunii, P. pastoris Fine screening in large volumes

Surfactants (e.g. sugar-based) Recombinant soluble proteins, Support for room temperature crystal

Novel organic molecules for various plasmid DNA, “other” mounting & data collection

applications Yeast-derived lipids (total, X-ray testing (LU BAG at MAX lab)
phospholipid)
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Labs are spread out LU, MV & ESS

MEDICON
VILLAGE

yeast llplds) &
Crystallization

Lund, Sweden



Chemical Deuteration

d to ESS in June 2023

ab is up and running with
essential equipment s in
place for synthesis,

e For some characterization
needs (e.g. NMR) we have

service arrangements with
Red Glead & LU Chemistry.

* |n progress: Advion ESI-MS

separation, characterization.
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Deuterated organic molecules ess) 3

H/D exchange, chemical & enzymatic synthesis of a range of small molecules
(surfactants, monomers, alcohols, aldehydes, lipids, fatty acids etc.)

D-M9 (R)

Recycled D,0 L
o e [
Qz 100°c :ef z 3 9 OH HO /U\ 9 ,CDg
.. A s .. OH OH
| l J

e AR ot L-lactic acid-d;,  D-lactic acid-d,

Protein
Y Y W] .~
Purification
E. coli DAP1(DE3)H-M9 D-M9(R)  DD-M9(R) HO HO D, D, Dy
Large scale ;C\ /C\ /C\
5 007 ¢ e e,
H H D, D
OH o e 0 co
OH OHD,C” ~C” g2
9 D, D, D, D, D, D, D R D, D
HLOAC’C\C’C\C’C\C’C\C’C\C’C\C’C\CD3 n-dodecyl ﬂ-D'mBKOSide
D D D, D2 D2 D D

K D3C -G o
N i N* .

> S e HO™™"""CDsp¢_
o o 8 OH

=== = deuterium-labelled



DEMAX offers biodeuteration from following:

Recombinant proteins
Plasmid DNA

Bacteria

prokaryote
Escherichia coli (E. coli)

Lipids (total, phospholipid)

Y.ea.St . . eukaryote (membranes, ergosterol,
Pichia pastoris (P. pastoris) cholesterol)
Algae eukaryote Total cell extract

Botryococcus braunii (B. braunii) (lipids, oil, exopolysaccharides)

*All of these can tolerate up to ~99% D




Deuterated biolipids

Large scale production of Pichia pastoris (supported by LP3)
Total lipid extraction, separation phospholipid classes
Analysis: TLC, GC, MS

Sophie
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* temporarily housed at Kemicentrum, LU

LUND

UNIVERSITY

Pichia pastoris
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708 LP3 0.7 FTE Wolfgang

UNIVERSITY

‘értially d-labeled biomass
rified recombinant proteins, plasmid

urity, yield (SDS-PAGE, UV/Vis),
acterization tools for proteins (SEC-

https://www.lp3.lu.se

Lund Protein-Pro tion Platform



https://www.lp3.lu.se/

Protein Crystallization

LUND

UNIVERSITY

BAG access

* Currently: co-located with the LP3 c . '
. Zoe to BioMAX

* We offer low throughput optimization,
optimization using the Oryx8 — depend

* Part of LU BAG for BioMAX: test and/or c

* We support large single crystal growth, cry
cryo) €
* Most users come with known conditions and
+» Recommend to re-screen, especially if protein /7 '
+» Recommend to check solubility, stability (pH, s } }

e
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Check concentration, purity, stability — then HT or fine screen = hopefully some good crystals that can be optimized!



Crystal screening vs. optimization

Protein concentration
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https://doi.org/10.1016/bs.mie.2019.11.015



https://doi.org/10.1016/bs.mie.2019.11.015

Crystallization hardware

J 5

e *Dialysis

https://hamptonresearch.com/growth 101 lit.aspx iksrodiatois el




Modifications to basic methods

Can modify or adjust these methods by doing things that promote

nucleation (formation of new crystals):

e Crystal seeding (micro or macro)

or simply growth:

e Crystal feeding

Protein concentration
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Precipitation
| zone
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Preparing crystals for data collection

* We support both RT & cryo crystal mounting for testing and/or data collection

e Capillary mounting (RT) or Magnetic bases with capillary “cover” (RT) or the standard cryo

loops, bases (cryo)

No damage from freezing

No cryoprotectants, SEE or
LN2

Observe structure closer to
physiological conditions

Tricky to do, need to practice
and do it frequently

Sensitive proteins degrade,
radiation damage

Can’t make complexes or trap
reaction intermediates

CRYO

Easy to do, standardized
mounts

Easy to store, preserve sensitive

samples

Protect from radiation damage

ALY

Need cryo conditions, freezing
itself can damage xtal

Cryo-induced artefacts
(glycerol, freeze-in
conformations)

Need for special SEE, LN2
consumables
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Large crystal growth for neutron
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Borrowed & adapted from Dr. Swati Aggarwal
doi: 10.1016/j.pep.2021.105954

DEMAX supports the full NMX user journey
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Talk to us about your project! demax@ess.eu or zoe.fisher@ess.eu



mailto:demax@ess.eu
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DEMAX product catalogue

* Updated product catalogue is

available on the DeuNet website

https://deuteration.org/demax/

demax@ess.eu

 Also includes instructions for the dry

shipper we use for sending
perishables

DeuNet.?.

Deuteration and Macromolecular
Crystallisation Platform

Product List & Sample Shipping

August 2023

Biological: proteins, bi , nucleic acids

Biological: purified lipid mixtures

Chemical: carboxylic acids, aldehydes, alcohols, alkyl halid:

Chemical: surfactants

Chemical: phospholipids.

Chemical: aromatic & heterocyclic aromatic molecules

Chemical: miscell

o ~ o » w N N

Crystallisation support:

About DEMAX:

Shipping of perishable sample to/from DEMAX

10

10
11



https://deuteration.org/demax/
mailto:demax@ess.eu

DEMAX Access

* Users have to submit a proposal.

* Proposal are subject to internal feasibility review and
scientific (peer) review by a DEMAX panel.

* Access is free (for now) and granted upon acceptance of
the proposal.

* |n addition to user service, we also participate in
collaborative projects & support other groups at ESS if
needed.



User proposals

* Rolling access is currently
open until end of September
2024

e User should register and
submit proposals online

e Access is merit based and
free of charge, not restricted
to member nation status.

e Co-authorship vs
acknowledgement

useroffice.ess.eu

'ess === User Office / Dashboard

Welcome to the ESS User Office

Software

Now Open: Rolling access.

DEMAX ts now extending Rolling Access for proposals requesting support for chemical & biological deuteration as well as support for protein

crystalisation

For a list of molecules/support, please see our product catalogue hare,

We strongly encourage users 1o reach out at demaxiDess.eu 1o discuss their project needs prior 1o submitting a proposal

If you are interested in something that you don't see in the catalogue, please reach out to us at gemax@ess. ey. We can do a feasibllity review and see if
it possible or we may be able to help through the Deuteration Network.

Pilot call for chemical and biodeuteration
support from the DEMAX platform

]

s The following conditions apply to all DEMAX proposals

pnced & fully completed online at ESS User Office portal: hitps J/useroffice ess ey

dical and internal scientific review.

le of charge.

£ materials at another neutron scattering facility (e.g. attach approved beamtime proposal)

jharge, but we may ask that users pay for shipping & handling for dangerous good (e.g. dry

ac d in any Please read the guidelines here

lember 2024 and has no specitic deadline for proposal submission. We will aim to deliver all
inform users if we can support thelr work as soon as possible after review

https://europeanspallationsource.se/node/247917



- Since starting (2019) we have now over 100 unigue users
- DEMAX has published or has under review 40 papers in peer-reviewed journals

- In call 2b + Rolling Access we have received 31 proposals requesting 54
molecules/services (accepted 28 proposals to deliver 48 molecules)

Intended neutron scattering technique Type of deuteration required

m SANS m NPX = NR = Other m Chemical deuteration m Biological deuteration
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