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Chemical Deuteration:
• Synthesis of surfactants and lipids
• H/D exchange, chemical synthesis, purification and analysis
• Enzyme immobilisation and enzymatic catalysis
• Lipid purification/analysis from biomass

Biological Deuteration: 
• Protein & lipid biodeuteration
• Cell culturing of bacteria, yeasts, algae
• Protein purification/characterisation
• Protein crystallisation

Collaborations
• SINE2020 & DEUNET
• Brightness2

• LENS WG3

Grant Projects:
• LU VR grant
• LU PhD student projects
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DEMAX & the ESS instrument suite

15 instruments:
2023 ->
2023/2024 ->
2025 ->



Chemical Deuteration
H/D exchange, chemical synthesis of fatty acids/surfactants

• Perdeuteration of saturated fatty acids (C9, C12, C16, C18:1):

• Method of reducing deuterated carboxylic acids to deuterated alcohols 
without LiAlD4 (no longer commercially available!):

• Synthesis of chiral amino acid surfactants

3
N-lauroyl-alanine

oleic acid-d32 (on-going) 



Chemical Deuteration
SINE2020 WP5: Immobilised enzyme catalysis for biopolymer synthesis
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The enzymatic synthesis of perdeuterated D- and L-lactic acid-d4 and polymerisation 
of their lactides to polylactic acid.
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Chemical Deuteration
Immobilised enzymes for lipid synthesis – Oliver Bogojevic

Enzymatic Synthesis
+ CLEAN and GREEN – few by products/no toxic chemicals
+ Highly specific – shortens reactions/purifications
+ Immobilised enzymes can be reused
Application to lipid deuteration: 
- different enzymes attack selectively in different positions
- Can be used to swap d-fatty acids h-fatty acids

Commercial enzymes available:
- Lipases (1,3 specific), PLA2, PLA1
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R = fatty acid
chain

This project receives funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 654000

BrightnESS² is funded by the European Framework Programme for Research and Innovation Horizon 2020, under grant agreement 823867

WP2 A strategy to deliver neutrons for Europe and beyond
- Task 2.3B: Deuteration For Soft Matter and Life Sciences ESS-STFC 
i) chemical and/or microbial production of perdeuterated fatty acids and lipids, followed by 
ii) enzymatic synthesis of complex novel deuterated compounds.



Chemical Deuteration
Immobilised enzymes for lipid synthesis – Oliver Bogojevic

Combined enzymatic/chemical approach for facile POPC synthesis (100mg):
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Practical considerations:
ü Acyl-migration
ü Enzyme activity
ü Solubility
ü Mixing
ü Reaction monitoring

BrightnESS² is funded by the European Framework Programme for Research and Innovation Horizon 2020, under grant agreement 823867



Lipid Extraction, purification, analysis
Biodeuterated lipids from Pichia Pastoris yeast biomass
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Current capabilities:
ü Total lipid extracts
ü Non-polar lipid separation
ü Total phospholipid extracts
ü Sterols
ü Analysis, %d (TLC, GC, MS)

On-going:
• Separation of phospholipid classes
• Reverse-phase HPLC

d-ergosterol

R.Delhom ESS/ILL PhD 2014-2017 

Effect of carbon source on lipid composition



Biological deuteration 
Crude Biomass – yeast, algae, bacteria

Type How? Level of D incorporation Application $

H/D exchange In vitro 25-30% labile H Crystallography $

Partial 
deuteration

In vivo 65-80 % (unlabeled C-source, recycled
or fresh D2O)

Matched-out product for SANS, 
NR, crystallography –
spectroscopy? imaging?

$$

Perdeuteration In vivo Minimal media, D-carbon source, 
fresh D2O

SANS, NR, crystallography, 
spectroscopy, QENS, NSE etc.

$$$

Perdeuteration In vivo Rich media, D-algal extract, fresh D2O SANS, NR, crystallography, 
spectroscopy, QENS, NSE etc.

$$$

Extracted products: recombinant proteins (E. coli), total lipid extract (P. pastoris)



Biological deuteration 
– projects with LP3, Katarina Koruza, Manuel Orozco (LU), Akos Vegvari (KI); LANL (algae)

Growing algae as source of D-nutrients
for rich broth preparation.
Presently: Botryococcus braunii
Coming soon: Scenedesmus obliquus

Contents lists available at ScienceDirect

Archives of Biochemistry and Biophysics

journal homepage: www.elsevier.com/locate/yabbi

Deuteration of human carbonic anhydrase for neutron crystallography: Cell
culture media, protein thermostability, and crystallization behavior
K. Koruzaa, B. Lafumata, Á. Végvárib, W. Knechta, S.Z. Fishera,c,∗
a Department of Biology & Lund Protein Production Platform, Lund University, Sölvegatan 35, Lund 22362, Sweden
bDepartment of Medical Biochemistry & Biophysics, Karolinska Institute, Scheeles väg 2, Stockholm 17177, Sweden
c Scientific Activities Division, European Spallation Source ERIC, Tunavägen 24, Lund 22100, Sweden

A R T I C L E I N F O
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A B S T R A C T

Deuterated proteins and other bio-derived molecules are important for NMR spectroscopy, neutron re-
flectometry, small angle neutron scattering, and neutron protein crystallography. In the current study we op-
timized expression media and cell culture conditions to produce high levels of 3 different deuterated human
carbonic anhydrases (hCAs). The labeled hCAs were then characterized and tested for deuterium incorporation
by mass spectrometry, temperature stability, and propensity to crystallize. The results show that is possible to get
very good yields (> 10mg of pure protein per liter of cell culture under deuterated conditions) and that protein
solubility is unaffected at the crystallization concentrations tested. Using unlabeled carbon source and recycled
heavy water, we were able to get 65–77% deuterium incorporation, sufficient for most neutron-based techni-
ques, and in a very cost-effective way. For most deuterated proteins characterized in the literature, the solubility
and thermal stability is reduced. The data reported here is consistent with these observations and it was clear
that there are measurable differences between hydrogenous and deuterated versions of the same protein in Tm

and how they crystallize.

1. Background

1.1. Protein deuteration for neutron protein crystallography

Hydrogen atoms (1H, H in this manuscript) are abundant in biolo-
gical macromolecules and in proteins constitute ∼50% of the total
number of atoms. H atoms are important in structural biology as they
are involved with many aspects of protein structure and function. H
atoms are integral to hydrogen bonding (H-bonding) interactions, sol-
vent networks, enzyme catalytic mechanisms, and ligand binding [27].
In spite of their importance, they are challenging to observe with
standard techniques such as X-ray crystallography, and their positions
are often inferred, assumed, or ignored. A large part of the difficulty in
observing H atoms directly is that they have one electron and the
magnitude of X-ray scattering depends on the atomic Z number of an
element. Neutrons are a very useful and complementary probe as
neutron scattering occurs from atomic nuclei and the magnitude is in-
dependent of the number of electrons (www.ncnr.nist.gov/resources/n-
lengths/accessed 26/02/2018). In practical terms, this means that it is
possible to observe light atoms as readily as the heavier atoms, C, N,
and O. Neutrons are able to discriminate between different isotopes of

the same element, and the discrimination is particularly good for 1H
and its isotope 2H (deuterium, D in this manuscript), with scattering
lengths of −3.74 fm and +6.67 fm, respectively. The negative scat-
tering of H contributes to signal cancellation of positive scattering
neighboring atoms. In addition to the negative scattering of H, it also
has intrinsically a large incoherent scattering cross-section (∼80 barn)
that leads to high background on neutron detectors, effectively redu-
cing the signal-to-noise ratio. Taken together, it is greatly advantageous
to deuterate proteins for neutron protein crystallography (NPX) mea-
surements [3,19]. In this manuscript “deuterate” refers to partial deu-
teration that includes H/D exchange, while perdeuterate refers to full
deuteration (∼99% D incorporation).

An informal survey of the Protein Data Bank (https://www.rcsb.
org/pdb/home/home.do accessed 11/11/2017), revealed that for the
∼125 available neutron crystal structures, deuteration for NPX involve
three different approaches: 1) deuteration through H/D exchange (only
labile H are replaced with D); 2) deuteration through expression of
protein in D2O-containing media but using an unlabeled (hydrogenous)
carbon source; 3) perdeuteration through expression of the protein
under deuterated conditions using a perdeuterated carbon source. For
the neutron crystal structures reported in the PDB, deuterated proteins

https://doi.org/10.1016/j.abb.2018.03.008
Received 26 January 2018; Received in revised form 27 February 2018; Accepted 6 March 2018
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Developed cost-effective methods to 
maximize protein yield and D-incorporation
in E. coli, including biophysical
characterization of recombinant proteins

Yeast – growing P. pastoris under 
perdeuterated conditions for total lipid 
extract
Future: protein expression



Lipid BioDeuteration in yeast
Yeast cell cultures and biomass production at LP3
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Pichia pastoris
Widely used for protein 

and lipid production

Rhodotorula glutinis
Oleaginous yeast,

high producer of triglycerides 

Candida glabrata 
Human pathogen, 

drug resistance model

Current capabilities:
ü Shaker flask cultures

ü Up to 500mg  per-deuterated total lipid extracts from P. Pastoris

ü Up to 50mg perdeuterated lipid extracts from C. glabrata 

On-going/next steps:

• Growth conditions for oleaginous yeasts (e.g. R. glutinis)

• Optimisation of lipid production in bioreactors (pH control)

Yeasts contain all major lipid 

phospholipid classes (PC, PE, PI, 

PS, CL), sterols, glycerolipids, 

sphingolipids

Composition depends on 

i) Species and strain

ii) Growth conditions

iii) GM



Lipid BioDeuteration in yeast
Oleaginous yeasts for glycerolipid production
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Rhodotorula glutinis
Oleaginous yeast,

high producer of linoleic acid

Current capabilities:
ü Shaker flask cultures
ü Fermentor cultures (1H) of R. glutinis and P. Pastoris
On-going/next steps:
• Growth conditions for further oleaginous yeasts (e.g. Yarrowina)
• Optimal carbon source €€€
• Selection of strains suitable for perdeutration

Oleaginous yeasts can produce up to 60wt% 
as storage fats – mainly triglycerides

FA composition depends on 
i) Species and strain
ii) Growth conditions

Control of pH and nutrients important for 
high-fat content - fermentor cultures

EU Internship chem lab assistant from Berlin LM School August 2019 for lipid analysis 



• Xtallisation: micro & macroseeding, crystal feeding, dialysis, large volume sitting drop 
vapour diffusion, (macro)batch (with/out oil), temperature control/pH/precipitant 

Characterization of proteins: ESI-MS & MALDI-TOF (D-incorporation, intact mass), DLS, Nanotemper
Thermofluor (stability, aggregation), low and high-throughput screening (Oryx8, Mosquito, by hand), 
large crystal growth, X-ray testing/data collection at BioMAX.

Crystallization 
– large single crystals (> 0.5 mm3 today)



Crystallization
– methods developed & services offered (in collaboration with LP3) 

• Systematic optimization, phase diagram mapping, 
microseeding, batch methods.

• Making complexes with ligands: soaking vs. dry co-
crystallization

Neutron Crystallographic Studies Reveal Hydrogen Bond and Water-
Mediated Interactions between a Carbohydrate-Binding Module and
Its Bound Carbohydrate Ligand
S. Zoe ̈ Fisher,† Laura von Schantz,‡,⊥ Maria Hak̊ansson,§ Derek T. Logan,§,∥ and Mats Ohlin*,‡

†European Spallation Source, S-221 00 Lund, Sweden
‡Department of Immunotechnology, Lund University, Medicon Village, S-223 81 Lund, Sweden
§SARomics Biostructures AB, Medicon Village, S-223 81 Lund, Sweden
∥Department of Biochemistry and Structural Biology, Lund University, S-221 00 Lund, Sweden
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ABSTRACT: Carbohydrate-binding modules (CBMs)
are key components of many carbohydrate-modifying
enzymes. CBMs affect the activity of these enzymes by
modulating bonding and catalysis. To further characterize
and study CBM−ligand binding interactions, neutron
crystallographic studies of an engineered family 4-type
CBM in complex with a branched xyloglucan ligand were
conducted. The first neutron crystal structure of a CBM−
ligand complex reported here shows numerous atomic
details of hydrogen bonding and water-mediated inter-
actions and reveals the charged state of key binding cleft
amino acid side chains.

Carbohydrate-binding modules (CBMs) are integral
components of many carbohydrate-modifying enzymes.

Such enzymes are critical for many organisms’ supply of energy,
but they also have substantial potential in bioengineering
processes, including the biofuel industry and for the production
of defined oligosaccharides.1−3 The properties of a CBM can
profoundly affect the activity of the associated enzyme.4,5 A
detailed study of the binding of modules to carbohydrate
substrates will provide an understanding of their mode of action
and also how their functionality in a given situation can be
refined. Consequently, the structures of many CBMs have been
determined by X-ray crystallography, revealing details of their
mode of binding to their carbohydrate ligands.6,7 Binding
interactions, such as through hydrogen bonds (H-bonds) and
water, are made through hydrogen (H) atoms and are believed
to be a key to these interactions, especially in type B and C
CBMs.6 Unfortunately, most H atoms are not visible in
structures determined using X-ray crystallography, not even in
structures determined at very high resolution. This is due to the
poor X-ray scattering power of H atoms. Instead, their presence
and possible roles in ligand interactions have to be inferred. In
contrast, H [as well as its isotope, deuterium (D)] readily
scatters neutrons, similar to the “heavier” atom types found in
proteins (C, N, O, and S). D, in contrast to H, does not
contribute to a large incoherent background in neutron
scattering, and it is common procedure to either fully deuterate
or H/D exchange samples (D everywhere vs. D only in labile
positions).8 Altogether, neutron diffraction is a powerful tool

for substantially improving the determination of critical features
of ligand binding, active site architecture, and the role of solvent
and H-bonds in binding or catalysis.
Despite the benefits of using neutron crystallography in

structural biology, there are challenges remaining related to the
preparation of large crystals (∼1 mm3) for neutron studies. We
were recently able to prepare large (∼1.6 mm3) H/D-
exchanged crystals of a genetically engineered type B CBM
(X-2 with a Leu to Phe mutation at position 110, X-2
Leu110Phe) derived from CBM4-2 of the Xyn10 xylanase from
Rhodothermus marinus in complex with a xyloglucan hepta-
saccharide ligand [XXXG shown in Figures S1 and S2; α-D-
Xylp-(1−6)-β-D-Glcp-(1−4)[α-D-Xylp-(1−6)]-β-D-Glcp-(1−
4)[α-D-Xylp-(1−6)]-β-D-Glcp-(1−4)-β-D-Glcp].9,10 This mod-
ule belongs to the family 4 CBM as defined by the
Carbohydrate-Active enZYmes Database (CAZY; http://
www.cazy.org). CBM X-2 Leu110Phe, like CBM4-2, is a
module with affinity for a range of carbohydrates (features of
these modules are summarized in Table S1).11 It binds the
heptasaccharide XXXG motif (nomenclature defined by Fry et
al.12) but not the galactosylated nonasaccharide variant XLLG
with high affinity.13

The structure of this complex has in the past been
determined to ultrahigh resolution (1.0 Å) using X-ray
crystallography,13 but even at this resolution, important H-
bonding interactions had to be inferred as the H themselves
were not readily visible.10 We now report on the first neutron
structure of a CBM, determined to 1.6 Å resolution, and discuss
the details of ligand binding interactions. Table 1 contains a
summary of all interactions between XXXG and X-2
Leu110Phe. O2 and O3 of XYS1173 of the ligand are involved
in a number of key interactions that help anchor XXXG in the
ligand-binding cleft. Tyr149 was determined by affinity
electrophoresis to be important for recognition of the branched
xyloglucan structure but not for the recognition of linear xylan
and β-glucan, an observation supported by X-ray crystallog-
raphy data.13 In the neutron crystal structure, we indeed
observe that Tyr149 is a H-bond donor to O3 of the branching
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Perdeuteration, crystallization, data collection and
comparison of five neutron diffraction data sets of
complexes of human galectin-3C
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Galectin-3 is an important protein in molecular signalling events involving
carbohydrate recognition, and an understanding of the hydrogen-bonding
patterns in the carbohydrate-binding site of its C-terminal domain (galectin-3C)
is important for the development of new potent inhibitors. We are studying these
patterns using neutron crystallography. Here, the production of perdeuterated
human galectin-3C and successive improvement in crystal size by the
development of a crystal-growth protocol involving feeding of the crystallization
drops are described. The larger crystals resulted in improved data quality and
reduced data-collection times. Furthermore, protocols for complete removal of
the lactose that is necessary for the production of large crystals of apo galectin-
3C suitable for neutron diffraction are described. Five data sets have been
collected at three different neutron sources from galectin-3C crystals of similar
volume. It was possible to merge two of these to generate an almost complete
neutron data set for the galectin-3C–lactose complex. These data sets provide
insights into the crystal volumes and data-collection times necessary for the
same system at sources with different technologies and data-collection
strategies, and these insights are applicable to other systems.

1. Introduction

Galectins are a family of proteins defined by a carbohydrate-
recognition domain (CRD) of about 130 residues with affinity
for galactose-containing glycans (Leffler et al., 2002). Galectin-
3 is one of the best known and most studied of the mammalian
galectins (about 15 in total), and has multiple cellular func-
tions in the nucleus and cytosol, inside vesicles and extra-
cellularly. In the latter two compartments the CRD can
interact with !-galactoside-containing glycoproteins and
glycolipids, leading to important roles in regulation of
membrane trafficking, signalling and cell adhesion (Rabino-
vich et al., 2007; MacKinnon et al., 2008; Delacour et al., 2009;
Liu & Rabinovich, 2010; Funasaka et al., 2014). For example,

ISSN 2059-7983
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XYS1173 of XXXG (Figure 1). This interaction explains the
observation that Tyr149 is critical for binding of xyloglucan.13

In addition, O2 of XYS1173 is involved in two H-bonds, one
as a H-bond donor to neutral His146 and the other as a H-
bond acceptor from Arg115 (Figure 2). Arg115 is in turn
coordinated on the opposite side through a H-bond with
Glu112 (Figure 2).
This coordination leads to an additional interaction with O6

of the carbohydrate backbone residue BGC1170, from which
XYS1173 establishes its branch (Figure S1). Finally, there is an
additional weak interaction in which the XYS1173 ring packs
against the π-face of the Pro68 ring (Figure 2).14

The interactions observed in the neutron structure that
involve XYS1173 support the inability of X-2 Leu110Phe to
bind a further substituted sugar, XLLG (Figure S3). XLLG
carries a galactose linked through O2 of XYS1173, and binding
it will require a reorientation of XYS1173, disrupting the H-
bonds described above. In contrast to the interactions with
XYS1173, XYS1174 is highly flexible in the crystal structure and
is not engaged directly with the CBM. XYS1174 can also be
substituted at the O2 position, but this is not expected to affect
binding to X-2 Leu110Phe. It is rather the collection of
interactions surrounding XYS1173 that help explain the binding
specificity for XXXG over XLLG.
Residues Phe69 and Phe110 are important for ligand cross-

reactivity and provide a crucial π-stacking interaction with
BGC1171.11,13 In addition to its π-stacking role, the backbone
carbonyl group of Phe110 also forms a H-bond with BGC1170,
further orienting the ligand within the binding site. BGC1171 is
engaged in a water-mediated H-bond to the CBM through
residues Glu112 and Thr104 (Figure 3).

Finally, the -OG1 group of Thr74 and O3 of XYS1175
engage in another H-bond between the CBM and the branched
XXXG ligand (Figure S4).
The apo form of the parent CBM X-2 and the derived X-2

Leu110Phe variant (Protein Data Bank entry 2y6h) contain a
number of ordered water molecules within their binding site.11

At least 10 of these water molecules are displaced by
carbohydrate ligands as they bind in the ligand-binding
cleft.11,13 Similar to structural analyses in galectin and xylose
isomerase, here too some water O atoms are displaced by
carbohydrate O atoms in the complex structure.15,16 This is
likely providing a beneficial entropic effect on the binding event
and serves as a chemical template for ligand binding.
From X-ray crystallographic studies, it is apparent that both

xylan and xyloglucan each displace a similar number of water
molecules. In contrast, the presence of branching XYS1173 and
XYS1175 causes displacement of two additional water
molecules and one additional water molecule, respectively.
There are also compensatory movements in selected amino

Table 1. XXXG Binding Interactions to X-2 Leu110Phe

sugar residue interacting partner(s) distance (Å)

BGC1170 (O3) Phe110 (-CO) 2.7
BGC1171 (O2) Glu112, Thr104 via S25 (O) 3.4
BGC1171 (O3) XYS1175 (O4) 2.6
BGC1171 (ring) Phe69, Phe110 π-stack ∼4.0
XYS1173 (O2) His146 (-ND1) 3.0

Arg115 (-NH1, -NH2) 2.6
XYS1173 (O3) Tyr149 (-OD) 2.7
XYS1173 (ring) Pro68 π-stack ∼4.0
XYS1175 (O3) Thr74 (-OG1) 3.0

Figure 1. Tyr149 is a H-bond donor to O3 of XYS1173. Residues are
shown as yellow balls and sticks; exchanged D atoms are colored cyan
with the 2Fo − Fc nuclear density shown as light blue mesh, contoured
at 1.5σ.

Figure 2. D from O2 of XYS1173 is involved in ligand binding
through two H-bonds, to neutral His146 and Arg115, and a weak π-
stacking interaction to Pro68. Residues are shown as yellow balls and
sticks; exchanged D atoms are colored cyan with the 2Fo − Fc nuclear
density shown as light blue mesh, contoured at 1.5σ.

Figure 3. Water-mediated H-bonding interactions between BGC1171
(green thicker sticks), water S25, and residues Glu112 and Thr104.
Protein residues are shown as yellow balls and sticks; exchanged D
atoms are colored cyan, and ligand carbon atoms are colored green.
Maps have been omitted for the sake of clarity, and the rest of the
sugar visible is shown as thin sticks for context.

Biochemistry Rapid Report

DOI: 10.1021/acs.biochem.5b01058
Biochemistry 2015, 54, 6435−6438
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WP5 Chemical Deuteration (ESS, ILL, STFC, FZJ)

- DEUNET

WP6 XTALGEN (ILL, ESS, FZJ)

- Phase diagram characterisation for proteins (ESS, FZJ)

WP2 A strategy to deliver neutrons for Europe and beyond

- Task 2.3B: Deuteration For Soft Matter and Life Sciences ESS-STFC 

i) chemical and/or microbial production of perdeuterated fatty acids and lipids, followed by 

ii) enzymatic synthesis of complex novel deuterated compounds.

WG3 Working Group 3: Synergies in technological development and operation 

- Task 3.x  Deuteration Technologies (Chem, Bio, Xtal) ESS, ILL, STFC, FZJ

14

Collaborations

2015-2019

2019 - 2021
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DEUNET – SINE2020 Sustainability report

This project receives funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 654000

DEUNET achievements enabled by SINE2020:

1. Establishment of a new chemical deuteration laboratory at ESS 

2. Access to STFC deuteration facility to European users

3. Development of methods for lipid deuteration, and separation from cell cultures at ILL 

4. R&D in enzymatic and chemical synthesis of chiral biopolymers and lipids at FZJ and ESS.

Currently funded  ESS FTE STFC FTE ILL FTE FZJ FTE
2 scientists 2 4 scientists

1 technician

2 Post-docs

3 PhD students

4

1

2

2

1 technician 0.2 - -

Conclusions and recommended actions:

1) Continued staffing resources for a sustainable DEUNET

2) Inclusion of biodeuteration/macromolecular crystallisation facilities in DEUNET

3) Continued R&D and international networking to facilitate innovation in neutron science

4) A cross-facility working group on inter-facility access to deuteration
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DEUNET – Deuteration Network

- next meeting 25-26 April Lund @ LINXS

New members: ANSTO NFD, JPARC-MLZ, LP3

DBI Net  possible new collaboration with ORNL/US deuteration  

Larodan Lipids first industrial partner interested in 

distributing deuterated (and non-deuterated) products

Discussion on post-SINE2020 DEUNET and LENS

Continuation funding – seeking opportunities for new projects
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A sustainable DEUNET 

4 Pillars:
§ chemical deuteration

§ biological deuteration

§ macromolecular crystallisation

§ networking and synergies

Priorities aligned to outcomes of SINE2020 WP5 and WP6:
1. Identifying new R&D projects and collaborations aligned to future 

research themes and priorities in Europe

2. Networking with international deuteration facilities

3. Cross-facility working group on deuteration user access in Europe

WG3 : Synergies in technological development and operation 

- Task 3.x  Deuteration Technologies (Chem, Bio, Xtal) ESS, ILL, STFC, FZJ



Lipid composition and antibiotic resistance  in C. 
glabrata (0.3FTE HWK)

18
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Candida glabrata 
Human pathogen

iRNA used to up/downregulate
genes – strains chosen for 
increased/decreased
Amphotericin B resistance

Alterations in sterol biosynthesis
lead to accumulation of
squalene - NR show SQ to be 
located in the centre of
membranes where it prevents
AmB insertion.

Ergosterol
Lanosterol

3-year project funded by Swedish Research Council VR grant nr. 2016-01164 (2017-2020) 

User-provided strains can be cultured, but further GM work would require a molecular biologist. 

Detailed GC-MS analysis at LU to identify ergosterol precursors (and to quantify deuteration)

GC-MS difficult to access in LU teaching labs

W. Knecht (Olena Ishchuk)
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Reconstitution and function of human DHODH in 
membranes  (Manuel Orozco PhD LU 2018-2022)

• Purification of full length DHODH and solubilisation with DDM for SANS and NR studies
of lipid-DDM reconstitution process into 
supported lipid bilayers

Purification of full-length 
hDHODH from E. coli. 
1 crude cell lysate. 
2 solubilized fraction
3 metal affinity column eluate. 
4,purified DHODH in DDM.

Reconstitution of full-length DHODH into supported lipid bilayers by
detergent/lipid micelle adsorption monitored by QCM-D. Left: lipids only
(80% POPC, 10% cardiolipin and 10% Q10). Right: lipids and DHODH (10:1
mol/mol).

DDM+dPOPC

dPOPC bilayer



• Commercial access to deuterated products? 
i) For industrial neutron users 
ii) Sale of products to commercial vendors

E.g. Larodan Lipids (SE) is interested in purchasing or distributing excess deuterated (and non-
deuterated) products from DEMAX. 
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Questions to STAP:


