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FÖRORD
Detta häfte innehåller sammanfattningar av de posters som visas vid 2022 års Science and
Technology Day på institutionerna för Kemi och kemiteknik samt Biologi och bioteknik vid
Chalmers tekniska högskola.
Posterutställningen har blivit en etablerad och uppskattad tradition med många
deltagare. Målsättningen är att levandegöra den verksamhet som bedrivs vid institutionerna
och presentera den för forskare, doktorander samt industrirepresentanter. Detta är ett unikt
tillfälle att belysa den vision, vetenskapliga kompetenser och experimentella utrustning som
finns inom de olika ämnesområdena, styrkeområdessatsningarna samt vid kompetenscentra.
Dessutom kommer de öppna infrastrukturenheterna att presentera sina verksamheter.
Postrarna kommer att visas i foajén i Kemihuset på Kemigården 4, Chalmers, från
onsdagen den 11 maj till och med fredagen den 13 maj. Kl. 14-16 på torsdagen den 12 maj
kommer deltagarna att finnas tillgängliga för att presentera sina arbeten och svara på frågor.
Under första timmen, Kl. 14-15, kommer postrar med ojämna nummer presenteras och under
den andra timmen, kl. 15-16, kommer följaktligen postrar med jämna nummer presenteras.
Institutionerna bjuder då på tilltugg och dryck. En jury kommer att bedöma postrarna med
avseende på innehåll och design. Priser till de vinnande bidragen kommer att delas ut i slutet
av postersessionen den 12 maj.
Science and Technology Day bjuder på ett utmärkt tillfälle att öka gemenskapen mellan
alla de grupper som sysslar med kemi, kemiteknik, biologi och bioteknik inom Chalmers. Vi
är övertygande om att årets posterutställning kommer att utgöra ett ypperligt tillfälle för trevlig
samvaro och för en livlig diskussion kring vår verksamhet!
Ett stort tack går till alla som presenterar sina arbeten, samt till övriga inblandade i
juryn, kansliet och vaktmästeriet för deras insatser under denna dag.
Hjärtligt välkommen!
Göteborg, maj 2022
Xiaoyan Zhang och Michaela Wenzel
Hanna Härelind, Prefekt
Maria Faresjö, Prefekt

FOREWORD
This booklet contains abstracts of the posters that will be presented during the 2022 Science
and Technology Day at the departments of Chemistry and Chemical Engineering and Biology
and Biological Engineering.
The poster exhibition has become an established and appreciated tradition with many
participants. The aim is to visualize the work that is being done at the departments and to
present it to other scientists, students, and industry representatives. This is a unique opportunity
to highlight the vision, scientific competence, and experimental equipment within the various
research areas, areas of advance, and the competence centers. In addition, the research
infrastructures associated with the different departments will be represented at the poster
exhibition.
The posters will be on display in the main entrance of the Chemistry building,
Kemigården 4, Chalmers, from Wednesday, May 11th, until Friday, May 13th, 2022. Between
14.00 and 16.00 on Thursday, May 12th, the participants will present their posters and will be
available for discussions of their work. Posters with odd numbers will be presented between
14.00 and 15.00. Posters with even numbers will be presented between 15.00 and 16.00. During
this time, the departments will serve some refreshments and snacks. A jury will assess the
posters in terms of content and design. Prizes to the winning contributions will be awarded by
the end of the poster session on 12 May.
The Science and Technology Day provides a great opportunity for strengthening the
research community at Chalmers within chemistry, chemical engineering, biology, and
biotechnology. We are convinced that this year’s poster exhibition will provide an excellent
opportunity not only for lively discussions about our research activities, but also for a pleasant
meeting between colleagues and students.
We would like to thank all the people presenting their work, and all others involved
in making this day a successful event.
Welcome!
Gothenburg, May 2022
Xiaoyan Zhang and Michaela Wenzel
Hanna Härelind, Head of Department
Maria Faresjö, Head of Department
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Macromolecular gating with pH mediated polymer interactions
John Anderssona, Gustav Ferrand-Drake del Castilloa, Pierluigi Bilottob, Ulrich
Ramachb, Fredrik Höökc, Markus Valtinerb, Andreas Dahlina
a
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Institute of Applied Physics, Group of Applied Interface Physics, Vienna University
of Technology, 1040 Vienna, Austria.
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Department of Physics, Chalmers University of Technology, 41296 Gothenburg,
Sweden
Email: anjohn@chalmers.se

Polymer brushes are widely used to alter the properties of interfaces. In particular,
poly(ethylene glycol) (PEG) and similar hydrophilic polymers can make surfaces
inert toward biomolecular adsorption at high grafting densities. In published
work, we show that by simply introducing a polymeric acid such as
poly(methacrylic acid) (PMAA) at low pH, the highly hydrated brush barrier can
change its properties entirely, forming a compact, dehydrated and protein
adsorbing film. This is caused by multivalent hydrogen bonds in an extremely
pH-sensitive process where a pH below 5 is sufficient for complexation to occur
at the interface. The changes in brush properties are tunable and become more
pronounced when more PMAA is bound. The initial brush state is recovered when
releasing PMAA by returning to pH 7. In additional preliminary work, we
demonstrate how this process can be controlled with electrochemistry, rapidly
switching the polymer brush state using an electrical signal. The described system
is currently investigated as a potential macromolecular gating mechanism for
nanopore structures functionalised with PEG polymer brushes.
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Figure. Reversible collapse of a PEG polymer brush layer as a function of pH and presence of PMAA.
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Sialic Acid Binding Materials to Inhibit Inflammation
Gizem Erensoya, Ajsa Cuprijaa, Alexandra Stubeliusa
a

Department of Biology and Biological Engineering, Chalmers University of
Technology, Gothenburg, Sweden
Email: erensoy@chalmers.se

Inhibiting the inflammatory cascade is a key challenge in treating cancer,
cardiovascular disease, neurodegenerative disorders, and acute and chronic
autoimmune diseases1–3. Two of the main events in this cascade are the migration
of cells into tissues and cell-cell contact. These events are mediated by
carbohydrate modifications of cell-membrane proteins, where the saccharide
sialic acid (SA) plays a crucial role due to its position at the terminal end of
glycans.
By designing and building nanoparticles (NP) that mimic lectins, the natural
carbohydrate binding proteins, we would be able to block these pro-inflammatory
signals by binding and shielding the glycans. Our design is based on
phenylboronic acids (PBA) with their natural affinity for the carbohydrates’ cisdiol structures. By conjugating PBAs to amine-rich low molecular weight
branched polyethyleneimine (PEI) in different ratios we aimed to strengthen the
binding by electrostatic interactions between the negative SA and positive PEI.
The structure of each polymer and ratio of PBA characterized by 1H-NMR.
Larger NP might help to increase specificity towards SA. Therefore, we aimed to
obtain NP size around 250 nm which was confirmed by DLS. Isothermal titration
calorimetry (ITC) data confirmed that the PBA-PEI has a higher affinity and
specificity towards SA compared to other monosaccharides.

References.
Reference 1. Ivetic, A., Green, H. L. H. & Hart, S. J. L-selectin: A major regulator of leukocyte adhesion,
migration and signaling. Front Immunol, 2019; 1068.
Reference 2. Varki, A. Sialic acids in human health and disease. Trends Mol Med, 2008; 14: 351–360.
Reference 3. Amon, R., Reuven, E. M., Leviatan Ben-Arye, S., Padler-Karavani, V. Glycans in immune
recognition and response. Carbohydr Res, 2014; 389:115-122.
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Colorful e-paper based on inorganic nanostructures
Marika Gugolea, Oliver Olssona, Stefano Rossib, Magnus P. Jonssonb, Andreas
Dahlina
a

Department of Chemistry and Chemical Engineering, Chalmers University of
Technology, 41296 Gothenburg, Sweden
b
Laboratory ofOrganic Electronics, Department of Science and Technology,
Linköping University, 60174 Norrköping, Sweden
Email: gugole@chalmers.se

A reflective display is a type of display that do not emit any own light, but just
reflect the ambient light. Consequently, the amount of light that each pixel in
the display need to reflect must be as high as possible. Nowadays, reflective
displays lack high reflectivity and often the result is a dull appearance of the
colours [1]. We propose a new pixel design for electronic paper based on a
metal-electrochromic-metal cavity which makes it possible to maintain a high
reflectivity. The electrochromic material can also tune the reflected wavelength
of the cavity via ion insertion and extraction to show different colours [2], as
shown in the figure.

Figure. On the left, the pixel with no ions intercalated in the electrochromic material, on the right, the
same pixel with ions intercalated.
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Single molecule studies provide information that is not accessible through
traditional ensemble measurements, such as identification of sub-populations,
reaction mechanisms and non-uniform kinetics. One of the major challenges is
the trapping of individual proteins, to prevent diffusion from the detection point.
We are developing a nanoscale chamber for controlled loading and non-invasive
trapping of single proteins, enabling long-time analysis and simple liquid
exchange.
Nanochambers were fabricated by atomic layer deposition (ALD) of SiO2,
electron beam lithography (EBL), wet etching and controlled breakdown (CBD)
of a SiNx membrane. Functionalisation of the SiO2 and SiNx surfaces can be
performed to passivate it and prevent protein adsorption.1 The Au surface can
also be functionalised by grafting of polymer brushes, which can be switched
between an extended and a collapsed state and thus act as a macromolecular
gating system, enabling the release of molecules after an experiment.2
Loading of single proteins into the chamber will be controlled by clamping the
voltage across the chip using a patch-clamp amplifier. Each protein translocating
the chamber entrance acts as a blockage and can be detected as an ionic current
drop. Trapping of proteins in the chamber can be verified by confocal
fluorescence microscopy.

Figure. A nanochamber which enables controlled loading, trapping and analysis of single proteins.
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Multi-drug resistant bacteria have become a major threat to health worldwide.
The resistance is frequently transmitted via mobile genetic elements, such as
plasmids. Our group has developed a method based on optical DNA mapping in
nanofluidic channels for plasmid characterization (1). This method relies on a
competitive binding strategy that fluorescently labels the DNA, creating intensity
profiles called barcodes. For plasmids carrying antibiotic resistance genes, the
barcodes are unique, enabling rapid identification and characterization.
Moreover, by using CRISPR/Cas9 we can locate specific antibiotic resistance
genes along the plasmids.
In this work, we have fabricated a nanofluidic device with 10 sets of 400
nanofluidic channels, automated the data collection using a programmable
pressure pump and a microscope with a motorized stage. We then demonstrated
its multiplexing ability by identifying antibiotic resistance gene in plasmids from
clinical fecal samples (2). By combining the automated and parallelized data
collection with a protocol for rapid isolation of plasmids from fecal samples we
are able to characterize the plasmids in the multiplexed device the same day the
samples were collected.
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MABs (Monoclonal Antibodies) are proteins targeting a specific part of a
deregulated signal transduction pathway and interfere with immunological
processes in the human body. They have attracted pharmaceutical interest as a
promising therapeutic alternative to treat cancer, autoimmune diseases and
infectious diseases. Protein A affinity chromatography has been employed to
purify them. However, disadvantages such as the high cost of the material
support, ligand leaching and caustic instability generated the need for further
research in this scientific field. In our work, we purify MABs via applying an
electrochemical potential instead of conventional elution. We have prepared
polyelectrolyte polymer brushes using Atom Transfer Radical Polymerization
and further modified them using EDC/NHS crosslinking with protein A, the
desirable ligand for achieving high affinity and specificity for capturing MABs.
The final device is capable of releasing IGG via electric signals and a reducing
agent that produces protons, so that the pH can be reduced approximately to 3
locally at the surface. Compared to the already existing methods the advantage of
our procedure is the very fast response time, efficient purification and preserved
MAB activity accompanied by less use of chemicals.
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Optical DNA Mapping (ODM) is a technique that has been used to obtain
sequence information on length-scales traditionally not accessible to standard
sequencing. Competitive binding (CB) based ODM creates densely-labelled
DNA molecules and has, for example, been used to identify bacterial plasmids
and map fragments of eukaryotic genomes1. This is mostly done by comparing
the images of the labelled DNA against a theoretical map based on a known
sequence. In this work, our aim is to perform genome-wide de novo ODM
assembly of the entire Schizosaccharomyces pombe genome. This would allow a
more precise use of ODM for said organism, as it would no longer rely on a
theoretical map. Additionally, the assembled genome-wide optical map could
potentially be used as a scaffold to facilitate the completion of the S. pombe
genome assembly. This is of special interest, since out of its estimated 13.8 Mb
only 12.5 Mb (90%) have been sequenced and accurately mapped2. To perform
the genome-wide ODM, genomic DNA samples were stained and extended by
confinement in nanofluidic devices1. Approximately 700 DNA molecules
(average size 331Kbp) were imaged using an inverted fluorescence microscope.
An intensity profile (proportional to the GC content) was then calculated to create
a barcode for each molecule. To perform the de novo assembly bar-groups
(contigs of barcodes) were generated using hierarchical clustering. Preliminary
results for this project include an estimated coverage of 98% of the S. pombe
sequenced genome. Additionally, one of the bar-group contigs from the de novo
assembly matches and extends the telomeric end of chromosome III by
approximately 500 kb. This represents an increase of the estimated coverage from
70% to 85% of chromosome III. Our results match the expected characteristic of
a currently unmapped region, consisting of ~100 repeats of a 10.4kb fragment.
Our results imply that genome-wide ODM assembly could potentially be used to
determine uncertainties of hard-to-sequence regions, such as the length the
repetitive region of chromosome III.
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The increase in bacteria resistant to common antibiotics poses a large threat to
human health worldwide. Identification of pathogens and if they carry antibiotic
resistance genes is crucial for making well informed decisions to treat bacterial
infections in the clinics, but existing techniques are either too slow or have too
low resolution. We present a method, overviewed in Figure 1, based on optical
DNA mapping of single DNA molecules that can identify pathogens at different
taxonomic resolutions, even below strain-level. It is developed from the method
by Müller et al. that enabled species typing. The current method can
simultaneously characterize plasmids and identify antibiotic resistance genes in a
sample. We evaluated the method for several isolates, including patient urine
samples, of E. coli and K. pneumoniae. Since it can be directly applied to clinical
samples and hence has the potential to rapidly provide diagnostics information
without sample cultivation, it can enable early, and suitable, antibiotic treatment.

Figure 1. Method overview for how we go from the bacteria in a sample to typing the strain level groups
using optical DNA mapping.
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Non-homologous end-joining (NHEJ) is a DNA double-stranded break repair
process in which two free DNA ends are drawn together and joined by a protein
machinery in the absence of a DNA template. The NHEJ pathway was initially
discovered in eukaryotes and only recently shown to also exist in some
prokaryotes [1]. In prokaryotes like Bacillus Subtilis the NHEJ repair machinery
is minimal. The homodimer Ku and the Ligase D (LigD) have been shown both
in vitro and in vivo to be the only two essential factors [2]. The mechanism of the
LigD/Ku/DNA complex formation has not been studied in detail, especially on
the single DNA molecule level. In this work, we use nanofluidics in combination
with fluorescence microscopy to visualize and characterize interactions between
the bacterial NHEJ proteins and DNA on the single DNA molecule level.
By mixing Ku with λ-phage DNA with 12 nt long complementary 5’-overhangs
at a ratio 100 homodimers per DNA end and confining the samples in 100 x 150
nm2 nanofluidic channels we can assess the complex formation. Since DNA in
nanochannels is stretched only due to confinement it allows us to study
intermolecular processes. We show that Ku alone brings DNA ends together
which leads to the formation of DNA circles and intermolecular complexes
(concatemers), and this process is concentration and DNA/protein ratio
dependent [3]. We further explore the LigD effect on the synapsis formation by
performing EMSA and ligation assay. We show that bacterial Ku alone binds to
DNA, but the addition of LigD stabilizes the complex. Moreover, by performing
a ligation reaction with Ku, LigD and blunt ended 10 000 bp DNA and imaging
the sample 4 hours post reaction we show that Ku remains bound to DNA after
ligation has occurred. That suggests a system is available in vivo for removing
Ku when ligation is completed.
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Migrating cells on a surface spontaneously create lipid nanotube-vesicle
networks, which represents a unique means of chemical cell-to-cell
communication[1]. In the laboratory, lipids reservoirs in the form of multilayered
(onion shell) vesicles (MLVs) show similar network formation capabilities on
high energy surfaces, e.g. Al2O3 [2], initiated by tension driven spreading into a
double bilayer film, and subsequent rupture of the top bilayer. The redistribution
of lipid material by Marangoni flow[3, 4] generates a nanotube network
suspended by pinning sites. Previously we have shown that nanotube formation
at elevated temperature is able to accelerate autonomous vesicle growth from
those tubes, and suggested it as a possible parameter for protocell development
on the Early Earth[5]. We aim to build such system in a controlled way, using IR
light as heat source on engineered surfaces. We developed an optical setup for
imaging with an aligned IR-“holographic” system for simultaneous fluorescent
imaging and thermal manipulation of the lipid membrane transformation process.
We further employ thermally evaporated SiC surfaces for improved adhesion
control, which allows for efficient MLV spreading into double bilayer structures
and rapid growing of protocells colonies[6], even without additional fusogenic
agents, such as Ca++ ions. Further research aims to implement
chemical/enzymatic reactions within such networks in order to gain new insights
into possible protocell development scenarios in the context of the origins of life.
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The “nanobuffering” phenomenon describes the ability of polyelectrolyte
polymer brushes to resist the change in pH in their immediate vicinity. The
phenomenon exists as polyelectrolyte polymer brushes (e.g. negatively charged
poly(methacrylic acid)) could attract H+ ions in the surrounding of the brush as
counterions. Thus, the concentration of H+ ions around the polymer brush will be
higher than that of the bulk solution (lower pH). This effect can be useful in
various biological applications such as antibody purification, improving the
throughput of enzyme cascade reactions, and imaging of endocytic organelles.
This effect, however, is not well studied and understood. In this work, we will
attempt to quantify this effect. Densely grafted polyelectrolyte polymer brushes
will be synthesised on a glass surface and using surface sensitive techniques such
as total internal reflection fluorescence (TIRF) microscopy and pH-sensitive
dyes, it is possible to measure the pH inside the polymer brushes. This can then
be compared to the pH of the bulk solution, and we will come one step closer to
understanding this phenomenon.

Figure 1. Schema of fluorescent experiment.
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Understanding the structure, dynamics and intermolecular interactions of nucleic
acids is vital as they carry the genetic information which makes up the basis of
all living organisms. Consequently, numerous techniques have been developed
for studying nucleic acids, both at the ensemble and single-molecule level. More
recently, optical tweezers have made it possible to manipulate single DNA and
RNA molecules and apply or measure forces in the pN regime with nm resolution
[1]. Here we combine optical tweezers with DNA/RNA base analogues which
have gained considerable interest as they resemble the natural nucleobases and
have the ability to form complementary base pairing with minimal perturbation
to the DNA structure, while still providing novel useful properties [2].
In our projects, we study how the stability, dynamics, intramolecular forces
(stacking, hydrogen bonding), kinetics and free energy landscape are affected by
incorporation of the highly fluorescent tricyclic cytosine base analogues tC and
tCO [2] in the nucleic acids using optical tweezers. In our first study, we used a
tC-modified DNA hairpin to investigate how the larger aromatic system of the
modified base affects the stability of the hairpin. We demonstrated that tC
increases the stability of the hairpin and that the effects can be studied with basepair precision [3]. A similar strategy was used to understand the structure and
dynamics of an RNA hairpin (SL4) of the SARS-CoV-2 virus when modified
with tCO. Our preliminary data suggest that the hairpin has a highly dynamic
behaviour both in unfolding and refolding of the hairpin and that the dynamics is
affected by tCO incorporations.
Combining base analogues with optical tweezers is a versatile tool to locally
modify nucleic acids and investigate the effects on different biological processes,
such as replication, repair, and packaging. We envision that this approach will
eventually be used in interbase single-molecule FRET with fluorescence readout.
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Failure to maintain cartilage tissue integrity is a major hallmark of
osteoarthritis (OA). Tissue disruption in cartilage is directly related to the
reorganization of matrix proteins such as collagen fibrils, either because of
degeneration or aging. Currently, no therapies exist that slows down cartilage
deterioration. We have previously shown that small, positively charged
nanoparticles (NP) can penetrate the cartilage tissue due to electrostatic
interaction sand interact with synovial fluid proteins. The purpose of this study
was to investigate how the NPs interact with the cartilage tissue and investigate
how they can aid in maintaining tissue integrity and structure.
To evaluate tissue integrity, we set up a model using cartilage tissue
(porcine) explants that were incubated with collagenase for 2 or 12 hours. To
evaluate tissue integrity, the supernatants were examined for general protein
content using a BCA-assay and glycosaminoglycan content by a DMMBassay. A dendrimer polyamidoamine (PAMAM)-based NP with 2% conjugated
5000 (MW) PEG-chain and FITC labelled (9.3 nm, +3.12mV) was synthesized
and added to cartilage tissue explants. Nanoscale liquid chromatography coupled
to tandem mass spectrometry (nano LC-MS/MS) was then used to identify
potential matrix protein components, and a quantitative proteomics approach was
used to analyze the obtained data. The results were further processed using R.
We show that the particles were able to penetrate deeply into healthy tissue
within 24 hours. In the collagenase-treated explants, the general protein levels in
the supernatant were not affected by the addition of NPs, however, the sulfated
glycosaminoglycan (GAG) content was reduced 2h after the addition of NPs,
indicating a stabilization of GAGs by the NPs. The proteomic analysis indicates
several highly abundant integrity-associated proteins that could account for the
NP-matrix stabilization interactions, including proteoglycans such as Biglycan
and Fibromodulin, but also collagen-binding protein and Matriline that are
essential for tissue integrity.
In conclusion, this study is one of the first to demonstrate that charged NPs
can stabilize cartilage tissue. This is most likely due to electrostatic interactions
between the highly negative GAGs and the positively charged NPs, illustrating
the importance of evaluating NP interactions not only with cells and biological
fluids, but to also evaluate the potential effects on the tissue microenvironment.

14
Synovial Fluid Profile Dictates Nanoparticle Uptake into Cartilage –
Implications of the Protein Corona for Novel Arthritis Treatments
U. von Mentzer1, T. Selldén1, L. Råberg1, G. Erensoy1,
A.K. Hultgård-Ekwall2, A. Stubelius1
1
Division of Chemical Biology, Department of Biology and Biological Engineering,
Chalmers University of Technology, Gothenburg, Sweden
2
Department of Rheumatology and Inflammation Research, Institute of Medicine,
Sahlgrenska Academy of University of Gothenburg, Gothenburg, Sweden
Email: peiciute@chalmers.se

A major obstacle for joint drug delivery is the penetration of a dense,
negatively charged cartilage matrix [1]. Previous studies have extensively
investigated particle approaches to increase uptake efficiency into tissues by
harnessing the electrostatic interactions but have neglected to address the proteinrich biological environment of the joint space [2].
We investigated the impact of the patient synovial fluid-derived protein
corona formation on nanoparticles (NP) and their subsequent uptake into the
cartilage tissue, chondrocytes, and monocytes. NP uptake into cartilage varied
depending on the protein source, while the cellular uptake was influenced by NP
synthetic and biological identity as well as cell type. Using quantitative
proteomics, protein corona profiles revealed candidate proteins that could
account for the observed differences in the NP uptake.
Our study suggests that the biological protein abundance in the synovial fluid
dictates the nanoparticle efficacy and uptake into the tissue, emphasizing the
importance of biological milieu considerations for the joint drug delivery design
and its translation into the clinics.

Figure 1. Schematic illustration of the study design.
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DNA and RNA play central roles in human gene expression both as carriers of
genetic information and as regulatory molecules. Recent advances in
oligonucleotide synthesis and cell delivery have accelerated the development of
new modalities exploiting oligonucleotides as either drug targets or active drug
molecules in several therapeutic areas, such as cancer and heart failure.
Here we expand useful biophysical tools and techniques to characterize a
DNA/RNA of interest and its interactions with other molecules, such as proteins,
small molecules, and other nucleic acids, employing fluorescent base analogues
(FBAs). FBAs are fluorescent mimics of the native nucleobases. We demonstrate
their use for: characterizing physicochemical properties of DNA and RNA
oligonucleotides in vitro using state-of-the-art steady-state and time-resolved
spectroscopy (1); determining binding affinity of small-molecule drugs to
oncogenic pre-miRNA-21 using our interbase-FRET method (2); revealing
information on stability and dynamics of the SARS-CoV-2 SL4 RNA hairpin
using single-molecule optical tweezers (3). The three examples show that FBAs
are versatile tools enabling studies in cellular and therapeutic contexts of both
synthetic oligonucleotides and natural nucleic acids’ chemistry, physics, and
biology, using a wide range of techniques.
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Acoustic levitation allows the suspension of samples in the air and the
study of single droplets in the microliter regime via induced acoustic
pressure differences in the medium. That way, surface properties can be
studied without the related surface shortcomings. Surface tension can be
heavily influenced by surface contaminations, hence acoustic levitation
can address this shortcoming. Apfel et al. [1] were the first to
mathematically describe the deformation of liquid samples and determine
the surface tension via an acoustic levitation device, called Langevin horn.
However, the experimental accuracy was low (±2 mN/m) in comparison to
traditional techniques. One of the underlying reasons was related to low
stability of the Langevin horn. Recently, Marzo et al. [2] developed a new
generation of acoustic levitators that are based on multisource ultrasonic
arrays which exhibit higher stability. However, in contrast to Langevin
horns, the acoustic field is more complex and challenging to describe.
Herein, we show that Machine Learning can be employed to surpass
these challenges. Series of surfactant solutions were used to create a
large dataset that was then utilized for the training of a neural network.
The resulting algorithm had an accuracy below 1 mN/m. This approach
allows the real-time determination of surface tension in a contactless
manner, while working with a highly stable levitator.
(a)

(b
)

Figure: (a) Illustration of the experimental set-up, (b) Evolution of droplets size and shape over time.
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A severe nuclear accident represents a danger to the public health and the
environment. This danger is mostly due to the potential release of radioactive
nuclides. Tellurium is an element with several volatile nuclides which could make
for a radiological danger in the case of an accident.
Between 1993 and 2004, the Phébus-FP experimental program ran in France with
the purpose of collecting data on nuclide release phenomenology in a simulated
reactor accident. About 14 kilograms of nuclear material was used and the melt
progression and radioactive releases were recorded. The results were primarily
used to study the role of iodine in an accident scenario [1].
My research will focus on Tellurium, using largely the same parameters as the
Phébus experiment and the same (updated) software to calculate the probable
Tellurium species after an accident. The results depend heavily on the
temperature of the system, as well as the atmosphere. Among the indicated
species there are for instance SnTe, MoTe and gaseous tellurium, as seen in figure
1. Some of these are mentioned in literature, whereas others are not[2].

Figure 1: Speciation of Tellurium in different temperatures at 2 bar pressure and in an atmosphere of 50% water
and 50% hydrogen, according to the thermodynamic calculation.
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Bauxite is a naturally occurring mineral with a high aluminium content and also
consists of iron in the form of iron oxides like hematite and geothite1. The
abundant bauxite reserves around the world make the utilization of bauxite as a
hydrotreating catalyst carrier attractive in terms of cost-effectiveness. Lignin, an
abundant, but complex three-dimensional biopolymer accounting for 15-30% of
the dry weight of lignocellulosic biomass has been considered as a renewable
feedstock to produce biofuels and chemicals2. It is often underutilized and
combusted to produce utility heat in the paper processing industry. It consists of
methoxylated monolignol monomers (e.g. coniferyl, sinapyl, and p-coumaryl
alcohol) that are largely linked together by different C-C and C-O bonds. The
depolymerized lignin structure results in oxygenate products like phenolics,
alcohol, and ketones. These oxygenates can be upgraded via hydrodeoxygenation
(HDO) with the aid of a catalyst to remove oxygen3. In this work, we aimed to
study the catalytic activity of bauxite and molybdenum (Mo) impregnated bauxite
catalysts for lignin upgrading by hydroconversion reactions. The catalysts were
studied in sulfided form and tested in a one-pot hydrotreatment of lignin-derived
propylguaiacol (PG). PG was used as a lignin model substrate for screening HDO
capabilities of different catalyst formulations before their implementation for the
more complex lignin hydroconversion.
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Highly dispersed industrially relevant Pt/ceria and reference Pt/alumina catalysts
with narrow Pt particle size distributions have been prepared, characterised ex
situ and studied for CO oxidation by operando infrared and X-ray absorption
spectroscopy. At high conversions, the CO oxidation proceeds on Pt particles in
a high oxidation state exhibiting significant Pt-O coordination whereas CO adspecies on atomically dispersed Pt is spectators. With decreasing temperature, the
Pt oxidation state and Pt-O coordination remain high while the CO coverage
builds up gradually, which explains the observed protracted catalytic extinction.
The CO oxidation activity at low temperatures and high CO coverage is suggested
to occur on sites at the platinum-ceria boundary that cannot be CO self-poisoned.
This behaviour is in stark contrast to that of Pt/alumina, which shows removal of
platinum oxides formed during CO oxidation and the classical drop in catalytic
activity caused by rapid CO self-poisoning when reaching a critical temperature.
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At present, the negative impact of a fossil-fuel based industry has led to rising
demands for a sustainable production of everyday commodity chemicals. One
promising renewable source for chemical production is plant-derived biomass,
consisting of several polymers. This lignocellulosic biomass can be broken down
and converted into aromatic chemical building blocks, such as benzene, toluene
and xylene (BTX). Here, the catalytic conversion of biomass-derived 2,5dimethylfuran (dMF) is studied in a continuous fixed-bed reactor using an online
Fourier Transform Infrared (FTIR) spectrometer and Mass Spectrometer (MS) to
analyse the effluent gas stream.
Various porous materials are used as heterogeneous catalysts and their properties,
such as microporosity and acidity, significantly determine their activity and
selectivity towards the desired BTX products. One such class of solid acid
catalysts is zeolites, whose chemical character can be finely tuned through the
incorporation of heteroatoms in its framework or pores. In this study, a series of
zeolites is modified by incorporating heteroatoms such as metals or phosphor
during and post-synthesis, and subsequently tested for the conversion of dMF.

Figure 1. Schematic conversion of bio-derived furans into aromatics

Through a combination of structural analysis using X-Ray diffraction, XRF
Thermogravimetric Analysis, N2 physisorption, Scanning Electron Microscopy,
NH3 desorption and in situ spectrometric analysis using FTIR, MS and DRIFTS,
the reaction mechanism and the role of the heteroatoms are elucidated.

21
Enabling Accurate Quantum Chemistry Calculations on Near-Term
Quantum Devices
Werner Dobrautza, Mårten Skogha,b, Phalgun Lolura, Martin Rahma
a

Department of Chemistry and Chemical Engineering, Chalmers University of
Technology, SE-412 96 Gothenburg, Sweden
b
Data Science & Modelling, Pharmaceutical Science, R&D, AstraZeneca,
Gothenburg, Sweden
Email: dobrautz@chalmers.se

The calculation of
ground state energies
No TC
of molecules is
TC
expected to be one of
4
the first practical
applications of nearterm quantum
2
computers. Some of
Figure 1: Classical – Quantum Bit Analogy
the advantage that a
quantum computer
0
offers, when applied to computational physics and
Number of qubits
chemistry, comes from an efficient representation of
a quantum mechanical wavefunction on a quantum
Figure 2: Resource Reduction due to
computer. This is achieved by using quantum bits
the Transcorrelated (TC) Method
(qubits) instead of ordinary bits as the basic unit of
information and computation. Current quantum hardware is however severely limited
in the number of qubits hindered by “noise” and thus “state-of-the-art” calculations
are only possible for very small problem cases.
For these reasons we are, on the one hand, developing a method to allow more
accurate calculations requiring less quantum resources/qubits by incorporating part
of the electronic correlation into the description of the problem at hand[1,2,3,4]. This
so-called transcorrelated (TC) method thus extends the applicability of current
quantum computers to more realistic and interesting problem cases in quantum
chemistry.
On the other hand, we are also addressing the challenges posed by noise through
development of a noise mitigation strategy based on chemical insight[5,6]. Through
this noise mitigation we can significantly reduce the error in ground state energies on
actual hardware, bringing useful quantum computing closer.
Energy Error | mH
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Molecular solar thermal energy storage (MOST) is a technique to store energy
from the sun in the form of chemical energy in a molecule.1 The MOST molecule
undergoes isomerization upon absorption of light to reach a high energy isomer,
which can be stored for days or weeks and subsequently isomerize back and
release its energy as heat using a catayst.2 The best performing MOST molecules
require high energy UV-light for the isomerization, but UV-light only represents
a tiny fraction of the total solar spectrum. To make use also of the lower energy
photons in the sunlight, we combine MOST with photon upconversion. Photon
upconversion is a photophysical process where the energy of two low energy
photons is combined to form one photon of higher energy. With the use of visibleto-UV photon upconversion,3 also the abundance of visible light from the sun can
be used to power molecular solar energy storage.

Figure. Photon upconversion converting visible light from the sun to UV-light, which is used to isomerize
a MOST molecule, storing the solar energy in a high energy isomer.
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Functional textiles is a rapidly growing product segment with applications
ranging from wound dressings, implants, and tissue engineering to textiles in
agriculture and ropes or nets for marine applications. The sustained release of
actives like antimicrobial agents, pesticides, or antifoulants from these textiles
often plays a key role. Failure to sustain the release results in costs due to
premature loss of functionality and resource inefficiency. Conventional
application methods such as impregnation lead to an excessive and uncontrolled
release, which – for biocidal actives – results in environmental pollution. Here,
microcapsules are proposed as a means of extending the release from textile
materials. The hydrophobic model substance pyrene was encapsulated in
poly(D,L-lactide-co-glycolide) microcapsules that subsequently were loaded into
cellulose nonwovens (Figure 1a). The release of encapsulated pyrene was
compared to that of two conventional functionalization methods: surface and bulk
impregnation (Figure 1b). The apparent diffusion coefficient was 100 times lower
for encapsulated pyrene compared to bulk impregnated pyrene. This clearly
demonstrated the rate-limiting barrier properties added by the microcapsules,
extending the potential functionality from hours to weeks.

Figure 3. a) Colorized scanning electron micrograph of the cellulose fibers containing microcapsules.
b) Fractional release from nonwovens with surface impregnated, bulk impregnated, and
microencapsulated pyrene, respectively.
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Edible electronics have advantage over their predecessor electronic medical
implant devices such as reduced infection, reduced chronic inflammation, and
elimination of costly surgical procedures. The main uses of edible electronics are
for medical imaging, drug delivery, tissue stimulation, and biosensors [1].
Solution-processable organic semi-conductors (OSC) have gained extensive
interest due to their lightweight, semi-transparent, low temperature processing,
large area processability and mechanically flexibility. OSC finds applications in
various optoelectronic devices such as organic photovoltaics, thin film batteries,
supercapacitors, organic light emitting diodes, light emitting electrochemical
cells, sensors, biosensors [2]. However, device fabrication from OSC involves
the use of toxic organic solvents, which pose serious health and environmental
hazards. In addition, majority of OSC materials follow more complex and
expensive synthetic routes. In early 2010, our group introduced the TQ1, low
cost, high efficiency and synthetically simple donor polymer [3]. Since then, TQbased polymers have been a point of interest for low cost and high performance
OSC. Introduction of the oligo ethylene glycol (OEG) over the TQ-backbone
resulted in aqueous processable donor polymer.

Figure. Graphic illustration of material recycling in edible electronics.
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Perovskite type oxyhydrides ATiO3-xHx, A = Ca, Sr, and Ba, with x < 0.6 are a
novel type of hydride-ion (H-) conducting materials with prospects for
applications in the fields of energy, catalysis, and topochemical synthesis [1].
However, the fundamental mechanisms driving the H- conduction in these
materials are not fully understood. In this contribution, we report on quasi-elastic
neutron scattering (QENS) studies of mechanism of H- conductivity in two
BaTiO3H samples differing in the concentration of H- and oxide-ion vacancies,
namely BaTiO2.88H0.12□0 and BaTiO2.65H0.12□0.33 (where □ denotes oxygen
vacancies), and in SrTiO2.83H0.13□0.06. For the BaTiO3H samples, analysis of the
QENS data shows that only the sample with a high oxide-ion vacancy
concentration exhibits a significant quasielastic signal. Specifically, two regimes
of long-range diffusion are observed, in agreement with a previous report [2]; at
relatively low temperatures (225 – 250 K), the H- performs jumps between first
neighboring vacancy sites, with a mean residence time of ≈0.1 ns, while at higher
temperatures (400 – 550 K) the H- performs jumps to second neighboring sites,
with a mean residence time of the order of picoseconds. For SrTiO3H, the analysis
of the QENS data reveals localized jump dynamics with a mean residence time
of the order of 1 ps. It is presumed that, since the oxide-ion vacancy concentration
in this sample is small, a percolating path of oxide-ion vacancies is rather unlikely
and H- only jumps forth and back between oxide-ion vacant sites. In order to
elucidate the origin of these experimental results, first-principles calculations
based on density functional theory of the potential energy surface and minimum
energy path for a H- jump in the perovskite lattice were also conducted. A good
qualitative agreement is found with the QENS data, that is jumps toward second
neighboring oxide-ion vacancies require more energy than to a nearest-neighbor
oxide-ion vacancy, however quantitative discrepancies remain to be elucidated.
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Molten carbonates are considered promising candidates as thermal energy storage
(TES) materials. However, in contact with metallic materials used for piping and
storage tanks at high temperatures, the corrosivity of these melts is one of the
main obstacles that prevent their utilization for the next generation of
concentrated solar power (CSP). In this work, five alumina-forming alloys, four
ferritic, one austenitic, were selected to be in contact with the ternary (Li-NaK)2CO3 at 800°C. The four ferritic alloys have formed a protective dense slowgrowing α-LiAlO2 scale. Interestingly, a second polymorph of LiAlO2 appeared
after longer exposures, which does not provide protection; this was found to be
γ-LiAlO2. We assume that the formation of the beneficial and protective αLiAlO2 scale was assisted by growth stress. Later, the α-LiAlO2 relaxes into nonprotective γ-LiAlO2 crystallites.
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Carbon Capture and Storage (CCS) can be utilized on the CO2 emissions from
power plants to decrease the emissions generated by the combustion. However,
this comes with a penalty of the efficiency of the plant since the CO2 separation
requires a vast amount of energy. To come around the energy penalty of the CO2
separation, a technique called Chemical Looping Combustion (CLC) can be used.
CLC utilize particles called oxygen carriers to transport oxygen from an air
reactor to a fuel reactor. The fuel is converted using the oxygen from the oxygen
carrier forming in theory only CO2 and water in a separate stream. The oxygen
depleted oxygen carrier is transported back to the air reactor where it reacts with
the oxygen and the cycle start again. LD slag, a by-product from the steel
manufacturing is a material with limited demand on the market, resulting in that
the material are partly considered as a waste. LD slag contains some iron, besides
calcium, and can therefore be investigated as an oxygen carrier for the process.
LD slag was investigated to determine its properties as an oxygen carrier.
Experiments to evaluate ash interaction, reactivity, physical properties, catalytic
properties, and usability was executed in different scales, all from small tubular
furnaces to semi-industrial scale operation in Chalmers 12 MW boiler.
Findings from these studies are that LD slag has a limited ability to absorb alkali,
an element common in biofuel ash that is associated with operational issues and
agglomeration. It was also found to have similar reactivity towards both gaseous
and solid fuels as other more expensive iron-based oxygen carries, such as
ilmenite. The material analysis and evaluation of the 12 MW experiments1,2
suggest that the strength of the particles is sufficient. However, high amount of
fines from the operation was generated due the that the crushed material
contained aggregated fines.
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The use of renewable polymers for material production is believed to be a step towards lower
dependence on fossil derived polymers, and hence reduced emissions of gases contributing to
climate change. Materials composed of polyolefins and renewable biomass is one route to
increase use of biomass without compromising processability. Thermomechanical pulp (TMP)
is a lignocellulosic material obtained from the forest industry. Mixing the relatively polar
lignocellulosic surface of TMP with a polyolefin, that are mostly non-polar, is challenging.
TMP were modified with alkyl ketene dimers (AKD) to render the TMP compatible with
polypropylene (PP). The AKD changed the surface energies of the TMP and increased the
hydrophobicity (Figure 1), theoretically increasing compatibility between the TMP and the PP,
which has the potential to ease melt processing while maintaining or improving mechanical
properties.

Figure 1) water drop on the surface of modified TMP fibers with AKD
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Arabinoxylan (AX) is a polysaccharide component found in substantial amounts
in cereal plant cell walls — it constitutes approximately 40% by mass of all
polysaccharides in wheat bran. AX consists mainly of a xylan backbone
substituted with arabinose on either the C2, C3 position or both. This non-linear
structure leads to interesting variations in AX behaviors as a function of the
substitution ratio. The current work presents a procedure for extraction and
fractionation of AX with different substitution ratios from wheat bran.
Preliminary results from the study of melt-processable modified AX films using
these fractions will also be presented. Further studies will be aimed at probing the
polymer conformation of these fractions in water and other environments, then to
correlate findings to the AX molecular structures. The knowledge generated is
envisioned to be applicable in the bio-based thermoplastic, and food science
areas.
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A healthy and sustainable diet includes plant-based or plant-derived proteins and
intake of dietary fibre. Field pea (Pisum Sativum L.) consists of 20-30% protein
and 15-25% dietary fibres, making peas interesting due to its high nutritional
values. Another aspect is the possibility to grow peas in temperate climates,
which is not possible for e.g., soy. Addition of dietary fibres to pea protein is
known to affect functional and textural features [1]. However, how pea fibreprotein interaction aspects impact faecal fermentation is not known. Therefore,
we aim to characterize the physicochemical properties of pea fibres and protein
blends and correlate it with their colon fermentation.
Chemical composition of pea fibres was examined through hydrolysis of fibres
followed by monosaccharide analysis. In addition, starch and uronic acid content
was determined. Physical properties, such as thermal gelation was performed at
different temperature and pH to understand the behaviour of the fibre-protein
blends. Additionally, zeta potential of the pea fibre and protein at 20 °C was
done at different pH. Lastly, by utilizing CLSM and light microscopy has the
swelling of pea protein after heat treatment been shown, as well as the
microstructure of fibre-protein blends.
In the future, model systems of fibre-protein blends will be subjected to in vitro
faecal fermentation, where produced short chain fatty acids (SCFAs) and
microbiota will be examined.
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Flexible organic thin film transistors (FOTFTs) play an important part in
flexible electronic devices. However, mutual exclusivity between mechanical
deformability and charge transport of conducting polymers makes it challenging
to fabricate practical FOTFTs.
In this study, we investigated the effect of π conjugation length on the
mechanical and electrical properties of NaphthaleneDiimide (NDI) based
conducting polymers by both experiments and Molecular dynamics simulations.
We could, thereby, fabricate FOTFTs with flexibility while preserving good
charge transport. The π conjugation length was tuned by varying the ratio between
conjugated (TVT) and non-conjugated unit (TET) of chains (Fig. (a)).
In Radial Distribution Function results (Fig. (b)), the peak at about 3.9 Å
evolves as TVT content increases from 0 to 50 %, indicating an increase in π
stacking between NDI units of polymer chains. At higher TVT content than 50 %
(from 75 to 100 %), the π stacking peak decreases with increasing TVT content.
We would like to discuss the results of mechanical and electrical properties with
respect to TVT content at the exhibition.
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Figure (a) chemical structure of NDI-TVTx-TET1-x, (b) Radial Distribution Function Between NDI units of
polymer chains with respect to TVT content.
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Although sunlight is abundant on Earth, there is a spectral mismatch between the
incoming light and the light that can efficiently be used in solar applications. One
example of this is the lack of ultraviolet (UV) light needed to facilitate high
energy photochemical transformations. Triplet-triplet annihilation photon
upconversion (TTA-UC) is a versatile tool that can be used to overcome this
spectral mismatch, where light of lower energy is transformed into light of higher
energy. On the path toward facilitating high-energy photochemical reactions
using TTA-UC into the UV region, photon upconversion from green-to-blue light
using a well-studied TTA-UC system consisting of 9,10-diphenylanthracene
(DPA) and platinum octaethylporphyrin (PtOEP) is combined with diarylethene
(DAE) photoswitches. By devising a simple and versatile experimental setup and
taking spectral and kinetic features into account when combining the two
systems, a single visible light source can be used to simultaneously control both
the ring-opening and ring-closing reactions and inducing fluorescence from the
colored isomers in a group of DAE molecules. By keeping the TTA-UC solution
and the DAE solution physically separated, it is possible to characterize them
both individually and in synchrony.
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The antiferromagnetic transition metal oxyhydride SrVO2H is an interesting
system with an ordered arrangement of two different anions (H- and O2-) [1]. It
forms in a tetragonal structure that is related to the cubic perovskite, consisting
of alternating layers of VO2 and SrH. This structure leads to strong
antiferromagnetic (AFM) correlations that survive far above room temperature.
In this contribution, we will present our recent neutron scattering data on
SrVO2H probing the structural, magnetic, and vibrational properties. Neutron
diffraction confirms the strong magnetic correlations and reveal that the longrange magnetic ordering is lost around TN ≈ 600 K, and that this is simultaneously
accompanied by an irreversible partial phase transition into a cubic perovskite
phase. The vibrational properties of SrVO2H were further studied using inelastic
neutron scattering. Interestingly, the vibrational modes of the hydride-ions were
found to be split due to the AFM, revealing a coupling between the magnetism
and phonons. Analysis of the neutron scattering data in combination with density
functional theory phonon calculations reveal unusually large spin-phonon
coupling, which highlights the interesting couplings between magnetism and the
hydrogen dynamics that occurs in SrVO2H [2]. Lastly, the hydride-ion diffusion
in SrVO2H was studied using quasielastic neutron scattering. It was found that
the hydride-ion diffusion can be described in terms of a correlated vacancyassisted diffusion mechanism in the ab-plane of the crystal structure, with an
enhanced rate for backward jumps. This correlated diffusion is due to the
relatively low number of available sites for diffusion (H- vacancies) and thus
suggests that tuning of the hydride-ion vacancy concentration in SrVO2H
represents a promising gateway to improve the ionic conductivity [3].
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The advancing field of down-conversion (Singlet Fission) is plagued by
uncertainties of mechanistic details due to varying mechanisms applying to
different systems. An analysis of anticipated singlet fission systems with features
including dipole moment flips upon excitation, antiaromaticity, aggregation,
push-pull functional groups, and charge-transfer states allow for more broad
development of the preferred properties and possible systems. Through the dipole
moment switch and ‘aromatic chameleon’ of the dicyanofulvenes, distinct
changes to the S0, T1, and S1 states can be tuned. Additionally, aggregation of
these species can be controlled via temperature and additives, leading to changes
in intermolecular interactions. Through solvent polarity changes, introduction of
a new twisted intramolecular charge transfer state for monobenzopentalenes
increases excited state lifetimes and prevent unwanted deactivation processes.

Figure. Left) Depiction of dipole moment switch and localization of charge in ground versus excited
states in Dicyanofulvenes. Right) Solvent influenced charge transfer state in monobenzopentalenes.
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Visible light-driven conversion of CO2 to more value-added products is a
promising technology not only for diminution of CO2 emission but also for solar
energy storage in the form of chemical energy. However, photocatalytic materials
that can efficiently and selectively reduce CO2-to-CO mostly still involve
precious metals which are not suitable for large scale applications. Herein, we
report on a novel photocatalytic/sensitizer assembly consisting of polymeric
carbon nitride quantum dots (CNQDs) as the visible light absorber, and a Feporphyrin complex (Fe-p-TMA) as the catalyst for CO2-to-CO conversion. This
CNQD∙[Fe-p-TMA] hybrid assembly, at the optimized molar ratio, can produce
CO with a turnover number (TON) exceeding 106 (selectivity > 96 %) after 10
hours of visible light irradiation in the presence of a sacrificial electron donor.

Figure. The “Solar-to-Fuels” energy pathway, illustrated by carbon nitride quantum dot (CNQD)
sensitizer as the visible light absorber, coupled to an Fe-porphyrin (Fe-p-TMA) catalyst for CO2-to-CO
reduction.
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Emissions of nitrogen oxides (NOx) attract much attention as they are a major
source of atmospheric contamination that pose health risks and several
environmental issues such as acid rain, ozone depletion and greenhouse
effects [1]. The substantial tightening of upcoming emission legislation has
become a matter of commercial survival for many truck and bus manufacturers.
The selective catalytic reduction with ammonia (NH3-SCR) over the vanadiumbased catalysts is one of the established technologies for controlling NOx
emissions as they have many advantages such as low material costs, high activity
and a high resistance to sulfur compounds [2]. For mobile sources, robust
catalysts are needed for a high NOx reduction efficiency over the vehicle lifetime
also dealing with various biofuel combustions. With increasing use on the global
diesel markets, chemically innovative vanadium-based SCR catalysts require an
improved scientific understanding of the fundamental limitations for catalyst
activity, selectivity and stability. Our work will present the systematic study of V
SCR catalyst in terms of structure morphology, reaction mechanisms and
promoting effect of new promoters such as Sb, using various advanced
characterization techniques.
For this purpose, a series of Sb promoted vanadia-titania were prepared by
incipient wetness impregnation and subsequently calcined at high temperatures.
For evaluation, all catalysts were ground and the fraction of 40–80 μm was
collected using mesh sieving. Surface species were studied via in situ infrared
spectroscopy in diffuse reflectance mode with a BRUKER Vertex 70
spectrometer.
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An electrochromic material can switch between an opaque, dark, state and a
transparent state which thus turn the reflection of a pixel ON and OFF1. By
arranging many pixels in a matrix a reflective screen has been produced. To be
able to turn each individual pixel in this matrix ON and OFF, two different
configurations are used. An active matrix consists of thin-film-transistors (TFT)
that are actively blocking an ON or OFF signal2. A passive matrix instead requires
the material to have a non-linear voltage response3.
Metal-insulator-metal (MIM) structures are used to make pixels with colour. A
plasmonic effect is introduced by nanoholes to further enhance the coloration.

Figure. To the left: A 3x3 electrochromic passive matrix displaying a cross. To the right: The cross is
inverted. The reflective electrode is 100nm gold.
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Since the discovery of graphene, due to their excellent optical, electrical, and
thermal properties, two-dimensional (2D) materials have been considered
promising materials in various usages, for example in nanocomposites, fieldeffect transistors, energy conversion and storage devices, and biological
applications.1 As a zero bandgap semiconductor, graphene is a good quencher,
probably based on the mechanism of fluorescence resonance energy transfer
(FRET), between graphene and luminescent molecules.2 Herein, we have
designed, synthesized, and characterized a series of novel pyrene-based
luminescent molecules. These luminophores were titrated with different kinds of
graphene derivatives and strong fluorescence quenching effects were observed.
Moreover, other microscopic and spectroscopic characterization techniques will
also be used to unveil the interactions between graphene and the luminophores.
Future studies will be expanded to other 2D materials. The hybrid materials show
potential applications in optical devices, energy storage devices, etc.
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Photochemistry has been generating increased interest in recent years due to its
potential to be used in efficient processes. Photochemical reactions can be used
to achieve high selectivity at ambient conditions1. We are investigating the use of
photochemistry to convert lignin from forestry rest streams into chemical
products. Depolymerisation of lignin is made difficult by the heterogeneity and
recalcitrance of the its structure. Additionally, analysis and quantification of
reaction data involving technical lignin is complicated by the fact that its
structure, molecular weight distribution (MWD), and concentrations of functional
groups depends on its source (plant species and process conditions). However,
the motivation for understanding lignin’s reactivity is strong, due to lignin being
a potential renewable source of aromatic compounds2.
To track the changes of functional groups over reaction time, we use intensities
of various NMR spectra. We used Diffusion NMR and Gel Permeation
Chromatography (GPC) to track changes in the MWD. Lignin fractionation
methods are used to obtain samples with different functional group
concentrations and MWDs so that the relationship between these properties and
the reaction behaviour of lignin can be assessed.
Reactions are conducted in different solvent types and with different wavelengths
of incident light (265 nm and 280 nm). Reactions where light is directly absorbed
by lignin, and reactions involving photosensitisers have been conducted. We aim
to develop a deeper understanding of how absorption of photons leads to bond
cleavage, photocatalytic activity, and reactivity of functional groups in lignin so
that this information could be used in the future production of renewable
chemicals.
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The world urgently needs to phase out fossil fuels, including the feedstocks for
chemical processes. Instead, commodity chemicals can be produced from a
renewable source, such as hemi- and lignocellulosic biomass to implement a
bio-based economy. The use of biomass is necessary wherever a full circularity,
e.g. from waste cannot (yet) be achieved and must be favoured over using
biomass for fuel production.
The production of these commodity chemicals from bio-derived molecules is
however rather new and we lack the catalysts necessary to make such
transformation of molecules efficient and effective at a large scale. Not even do
we lack understanding about the necessary catalytic materials, but also the
analytical methods to study the chemical reactions involved – which is crucial
to ultimately develop better catalysts.
For this purpose, I would like to present how we can use the combination of
infrared spectroscopy and mass spectrometry to analyse a complex hydrocarbon
product stream on the example of the catalytic conversion of the bio-derived
model compound 2,5-dimethylfuran. The on-line application of IR-spectroscopy
and mass spectrometry allows the continuous identification and quantification
of reaction products at high time resolution. This way, transient phenomena can
be observed, and temperature programmed experiments be carried out highly
automated – all in a single chemical flow reactor.
The newly developed method is applied to a number of zeolite catalysts, and
gives us insights in how we can develop better future catalysts. This is the goal
to produce widely used chemicals from a renewable feedstock – provided that
the renewable biomass stems from truly sustainable sources. For a sustainable
future.
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In view of the approaching stringent regulations, especially for greenhouse gas
emissions, H2 internal combustion engines (ICE) are a potential substitute for
conventional diesel engines. To cope with the small but unavoidable amount of
NOx produced by H2 ICE engines, H2 SCR is being investigated as an attractive
technology that does not require any additional fluid or gas onboard the vehicle
[1-2]. In this study, the Pt-containing SSZ-13 zeolite has been developed as an
active catalyst working at low temperatures and with certain selectivity. Catalytic
tests were performed with five cycles of heating and cooling from 80 to 500 ℃
in a flow reactor using a typical lean gaseous mixture of H2 combustion. The
catalyst is a honeycomb monolith that was coated in catalyst slurry. The effects
of the H2/NO ratio, Pt loadings, and water contents have been revealed by the
flow reactor tests. Several characterizations such as XRD, ICP-SFMS, N2
physisorption, XPS, STEM, CO chemisorption and DRIFTS have been
performed to explore the physicochemical properties of the catalysts and the
preliminary mechanism of the reaction. The results showed that the Pt-SSZ13
can catalyze NO reduction at low temperature (~100 oC) and the maximum NO
conversion was approximately 75% with an H2/NO ratio of 10 (and higher). The
NO conversion is proportional to the available Pt active sites. The water content
has a significant effect on the NO conversion.

Figure. a) NO conversion and NO2 formation on 2 wt% Pt/SSZ-13 with different H2/NO ratios; b) Effect
of Pt loadings on the NO conversion.
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Asymmetric supercapacitors (ASCs), employing two dissimilar electrode
materials with a larger redox peak position difference as cathode and anode, have
been designed to further broaden the voltage window and improve the energy
density of supercapacitors. Among all the available electrode materials, redoxactive organic molecules have attracted much attention in ASCs for their features
of relatively low cost, chemical and structural diversity, rich oxidation/reduction
conversion of redox sites and high pseudocapacitance. However, the practical
application of organic molecules in ASCs is still hindered by their low
conductivity and the partial dissolution into electrolyte during charge-discharge
process. To address this dilemma, organic molecule electrodes have been
constructed by integrating redox-active organic molecules with conductive
carbon-based materials such as graphene, which can not only increase the
stability of electrodes, but also can offer much faster electron/charge transport
channels. Herein, pyrene-4,5,9,10-tetraone (PYT) molecules were noncovalently
grafted onto different type of graphene with various mass ratios. The resulting
PYT-functionalized GN electrode (PYT/GN-1) possesses a high capacity of 330
F g−1 at a current density of 1 A g−1. Additionally, in order to well match with the
PYT/GN-1 cathode, Ti3C2Tx MXene with pseudocapacitive charge storage
behaviour was prepared and was used as the anode, delivering a capacity of 288
F g−1 at a current density of 3 A g−1. The schematic of the assembled PYT/GN1//MXene ASCs is displayed in Scheme 1, and the device shows an excellent
electrochemical performance.

Scheme 1. Schematic of the assembled PYT/Graphene//MXene ASCs.
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By-product free click chemistry type reactions between polyethylene-based
copolymers are a promising alternative to time and energy consuming peroxidecrosslinking of low-density polyethylene (XLPE), which is the most common
insulating material used for high-voltage power cables. The influence of longterm thermal ageing on the thermo-mechanical and dielectric properties of a
copolymer blend is evaluated, that has been cured through a by-product free
reaction between epoxy and carboxylic acid functional groups attached to the
polyethylene backbone1. Ageing at 90 °C in air for up to 2500 h does not affect
the direct-current (DC) electrical conductivity of about 3×10-14 S cm-1
confirming that a proper antioxidant has been added (Figure a), and thermomechanical properties are maintained upon aging (Figure b). Evidently, clickchemistry curing is a promising avenue toward replacing peroxide crosslinked
XLPE.

Figure. (a) DC electrical conductivity 𝜎!" at 70 °C and 20 kV mm-1 as a function of ageing time
calculated from charging currents at 12 h, and (b) storage modulus versus ageing time at 30 °C and
150 °C of the cured binary blend without (red) and with 0.1 wt.% Irganox (blue).
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Controlling biomolecule translocation under their native conditions through
nanosized gaps is of great interest for single molecule analysis and selective
artificial systems. The molecular gating property of thermo-responsive endgrafted poly(N-isopropylacryamide) (PNIPAM) polymer brushes on pore-shaped
gold-silica nanostructures1 (i.e., nanowells) is investigated below and above the
PNIPAM lower critical solution temperature (LCST; 32 °C in water)1, 2, 4.
Polymer brushes are prepared via Activators Regenerated by Electron Transfer
Atom Transfer Radical Polymerization (ARGET-ATRP)3. Halogenated thiol is
used for self-assembling a monolayer to initiate the polymerization reaction and
the resulting polymer brushes act as an entropic barrier for proteins. If the
polymer brush thickness and density are sufficient, controlled gating of bovine
serum albumin (BSA) protein transport is achieved. In the swollen state, the
polymer brush blocks proteins from entering the nanowell interior, but when
collapsed, proteins electrostatically adsorb to the negatively charged silica (inside
of the nanowells). The protein entrapment is monitored in full and single
nanowell coverage as seen from extinction spectroscopy4 and fluorescence
microscopy.

Figure. Protein transport facilitated by thermo-responsive polymer brush functionalized nanopores.
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Developing sustainable materials are a bedrock foundation for achieving
sustainable development. Among the materials, thermoplastic materials from
renewable resources such as lignocellulosic biomass are at the heart of an effort
to create fossil free society. However, lignocellulose materials inherently lack
thermoplastic properties (flowability and moldability). Various methods, such as
chemical, physical and combinations of them are used to enhance
thermoplasticity. The objective of this work is to investigate one of a few
commercially available thermoplastic lignocellulose materials, with respect to
processing conditions and rheological properties. It will also be characterized
with respect to its physicochemical properties. The literature and data from this
study shows the possibility of developing flowable polymer materials which
replaces plastics using lignocellulose as a raw material. However, the main
disadvantages like hygroscopicity and brittleness of pure lignocellulose materials
remains to be solved. This study helps us to understand and reach a higher level
about the molecular nature of the polymers that ultimately suggest ways of
improving the product. Hence, the product competes in the market with better
flexibility and functionality.
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Biomaterials associated infections (BAIs) pose a serious threat in modern
healthcare and constitute considerable limitations to the use of biomaterials.
Infections associated with biomaterials are generally difficult to manage, with
one major reason being the formation of a biofilm on the biomaterial surface and
the high tolerance to conventional antimicrobial treatments seen. Along with the
emerging problem of antimicrobial resistance, the complications related to BAIs
make the development of new ways of preventing or treating these infections of
high importance. A possible alternative to conventional antimicrobial treatments
is to photothermally eliminate bacteria using gold nanorods combined with nearinfrared (NIR) light1. By immobilising gold nanorods on a surface and irradiating
with light corresponding to the nanorods’ plasmon resonance frequency, the heat
released from the nanorods as the plasmons decay can be used to eradicate
bacteria growing on the surface.
Gold nanorods with a maximum longitudinal absorption between 800-850 nm
were synthesised and immobilised on glass substrates via electrostatic
interactions. The antimicrobial activity of the gold nanorod-functionalised glass
upon exposure to NIR light was evaluated by culturing Staphylococcus Aureus
on the surfaces and irradiating the samples with a NIR laser (808 nm). Nonirradiated samples and irradiated glass were used as control. Samples were
stained with a bacterial viability assay and analysed with fluorescence
microscopy. The average percentages of dead bacteria on the surfaces were
determined through image analysis. An antimicrobial activity against S. Aureus
could be observed for the gold nanorod-functionalised glass irradiated with NIR
light, which exhibited a significantly higher average percentage of dead bacterial
cells compared to the control groups. The initial studies demonstrate the potential
of using a combination of gold nanorods and NIR light to photothermally prevent
and/or treat biomaterials associated infections.
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Manganese plays an important role in Li-ion batteries (LiBs), where it acts as a
stabilizer in the structure of NMC (Ni, Mn, Co) cathode materials [1]. However,
despite the increasing importance of Mn in the LiB market, there are almost no
major recycling technologies to recover it. Thus, this study aims to investigate
the separation of Mn from LiBs by solvent extraction and upscale the operation
in mixer-settlers. The leachate used in this study was provided by the Institute
IME Process Metallurgy and Metal Recycling (RWTH Aachen University,
Germany) and it was obtained by acid leaching of the black mass using 4 M HCl,
50 g/L H2O2 (35%), solid to liquid ratio of 100 g/L, 300 rpm, 120 min at 80°C.
The leachate was then purified by cementation and precipitation and after that,
Ni, Co, and Mn were precipitated as hydroxides. The hydroxides were then
redissolved in 0.5 M HCl and used as the feed solution (4.20 g/L Mn, 13.3 g/L
Co, 2.8 g/L Ni) in the solvent extraction tests. Preliminary tests were performed
using glass vials (3.5 mL) and shaking machines (IKA-Vibrax, Germany) to
determine the optimal solvent extraction conditions, which were defined as: 2
extraction stages using 0.5 M D2EHPA (di-(2-ethylhexyl) phosphoric acid,
diluted in Isopar L), organic to aqueous ratio (O:A) of 1:1 and equilibrium pH of
2.3, 15 min; 1 scrubbing stage using 4 g/L Mn (MnCl2.4H2O), O:A 1:1,15 min; 1
stripping stage using 0.5 M HCl, O:A 1:1 for 15 min. The optimal conditions
were upscaled in mixer-settlers (flow rate of 5 mL/min) operating in countercurrent and continuously. The effect of changing some operational conditions was
evaluated and according to the results, it was possible to achieve extraction
efficiencies for Mn above 95% and stripping efficiencies above 85%. However,
longer contact times possibly could improve the removal of impurities in the
scrubbing step and increase the stripping of Mn. The final stripping raffinate can
be used to produce manganese products for battery materials or other
applications, and the organic phase reused. The production of manganese oxide
as a final product was evaluated in a preliminary test by oxidative precipitation
and it was possible to obtain manganese oxide as a product with 99.5% purity.
References.
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Metal halide perovskites (MHPs) have shown promising optoelectronic properties suitable for
light emitting applications [1]. Few years ago, I reported the first example of single component
white-light (WL) emission based on the layered MHP (C6H11NH3)2PbBr4 [3]. By means of Xray diffraction (XRD) and photoluminescence spectroscopy, we attributed the photophysical
origin of this new phenomena to the formation of self-trapped excitons (STEs) in highly
distorted crystal lattice, due to strong electron-phonon coupling [3, 4].
The efficiency of the WL emission is controlled by several parameters such as the lattice
distortion, the electron-phonon coupling strength, and the temperature. Thus, to avoid any
sample-to-sample variation and any possible stability issue, it is ideal to do a one spot in-situ
XRD and luminescence measurements. This will help understanding the mechanisms behind
the WL emission in MHP. To do so, we have recently designed a unique customized cryostat
to measure one spot in-situ XRD/luminescence at various temperature (Fig. 1c). The obtained
results will be correlated to our Raman spectroscopy and inelastic neutron scattering data which
is expected to lead to a deeper understanding of the photophysical properties of these materials.

Figure. (a) Crystal structure of (C6H11NH3)2PbBr4, as determined by X-ray diffraction [2]. (b) Room
temperature absorption (blue) and luminescence (red) spectra. (c) Design of the customized cryostat
for in-situ XRD/luminescence.

References.
[1] Karlsson, M., et al. The evolution and future of metal halide perovskite-based optoelectronic devices.
Matter, 2021. 12(4), 3814-3834.
[2] Kim, J.Y., et al.. High-Efficiency Perovskite Solar Cells. Chemical Reviews, 2020. 120(15), 78677918.
[3] Yangui, A., et al., Optical Investigation of Broadband White-Light Emission in Self-Assembled
Organic–Inorganic Perovskite (C6H11NH3)2PbBr4. J. Phys. Chem. C, 2015. 119(41), 23638-23647.
[4] Yangui, A., et al. Control of the White-Light Emission in the Mixed Two-Dimensional Hybrid
Perovskites (C6H11NH3)2[PbBr4-xIx]. Journal of Alloys and Compounds 2017 699, 1122-1133.

MODELING AND SYNTHESIS

49
Possible control of NiO(s) growth direction by AgNiO2 seeding
Ageo Meier de Andradea, Itai Panasa
a

Chemistry and Chemical engineering, Energy and Material, Environmental
Inorganic Chemistry
Email: ageo@chalmers.se

Fundamental studies of transition metal oxides (TMO) are of prime importance
for developing materials with technological applications. On-going efforts
include realizing the versatile properties of TMOs in electronics, such as
electrode materials in batteries, cf. LiCoO2, controlling the resilience of loadbearing alloys, cf. chromia formation and degradation on FeCr stainless steel, and
high-temperature superconductivity. Among various TMO-based materials, our
interest is in the layer-by-layer tuning properties of Nickel Oxide.
NiO exhibits anti-ferromagnetism below Neél temperature at 525 K. Spins on
Ni(II) are oriented along the (111) direction, parallel within each atomic layer and
anti-parallel between layers. The atomic packing along the same orientation
renders the alternating oxygen- or nickel-terminated (111) surface that is, in
principle, unstable due to poorly screened lateral electrostatic repulsion. Still,
experiments report the rock-salt TMO(111) termination as explained by surface
hydroxylation.2 This surface termination in NiO also exhibits a change in the
oxidation state from Ni(II) to Ni(III) close the surface interface. Analogously, a
topotactic incorporation of Ni(II)O in the layered AgNi(III)O2 with controlled
NiO thickness is envisaged. The seeding agent AgNi(III)O2 exhibits a delafossitic
crystal structure with linearly coordinated O-Ag-O along the direction normal to
the layers. We investigate in this work the viability of such a guided NiO growth.
Our calculations validate that the lamella growth can be controlled by seeding
with, e.g., Ag2O or AgNiO2, since the AgNiO2(NiO)n compounds come out more
stable than their bulk references, i.e., Ag2O/AgNiO2, and NiO. The
AgNiO2(NiO)n compounds also show analogous stability of the experimentally
hypothesized hydroxylated terminations, here proposed to comprise
HNiO2(NiO)n. While the lamella compounds come out stable, the calculations
show significant structural distortions and changes in electronic properties
attenuated by lamella thickness in the case of both Ag and H intercalations.
Through the emerging findings, this work hopes to inspire and guide future
experimental studies on MA(I)MB(III)O2 seeding for tailored TMO growth of
quasi-2D materials.
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Superconductivity (SC) has been known for over a century, and it wasn’t until
1957 with the Bardeen-Cooper-Schrieffer theory that a microscopic theory of
superconductivity emerged. Although held in high regard, understanding the
mechanism behind superconductivity has shown to fail in predicting new
superconductors, so much so that unwritten rules to stay away from theorists
emerged among researchers1. Here, machine learning models, trained on the
electronic band structures of known superconductors as obtained from Density
Functional Theory, are developed and utilized to predict experimental TC. Not
committing to any microscopic mechanism for the SC at this stage, it implies that
in different classes of materials, different electronic features are responsible for
the superconductivity. However, training on known members of a class, the
performance of new members may be predicted. The method is validated for the
A15 materials, including both binary A3X and ternary A6XY intermetallics, A=V,
Nb, demonstrating that the two do indeed belong to the same class of
superconductors. Additionally the effect of mean filtering and reduction of the
feature set is explored, see Figure for results.

Figure. Results from the random forest regression analysis based on mean filtering using a square
kernel of size H and feature space reduction based on calculating the Pearson correlation coefficient,
|ρ(kDOS,TC)|≥0, and |ρ(kDOS,TC)|> 0.8. (a-c) Leave-one-out cross-validation LOOCV analysis,
showing the ability to predict members within the subset based on training on all but one of the
members. (d-f) Results of training on one subset of the data and testing on members of the remaining
subsets.
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Flow reactor systems show promise for a high production capacity of metal
nanoparticles (MNPs) with well-defined structures and properties [1]. For a fully
automated synthesis system where the synthesis conditions are tuned via a
feedback loop to give the MNPs the targeted properties, a central feature needed
is a quick inline characterization coupled to data interpretation to continuously
tune the synthesis parameters [2]. For MNPs, a suitable technique is UV-Vis
spectroscopy as surface plasmon bands correlate with structural properties.
However, automated interpretation from a single UV-Vis spectrum with regards
to detailed information about e.g. size and polydispersity, remains challenging.
Our hypothesis is that a machine learning approach using Convolutional Neural
Networks (CNNs) can be used to extract MNP structural information from the
UV-Vis spectrum by utilizing the ability of this type of model to identify features
in complex data [3].
In this work, CNNs have been constructed for predicting size and polydispersity
of spherical and rod-shaped nanoparticles from simulated UV-Vis spectra, with
and without artificially added noise. This yielded a machine learning framework
that accurately predicts properties from simulated UV-Vis spectra. It also
highlighted that the predictions for rod-shaped particles were more robust against
noise than for spherical particles.
By demonstrating that CNNs perform well for feature identification using
simulated spectroscopic data, we show that this type of machine learning
architecture is promising for further development and integration in the feedback
loop of a flow reactor system.
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Despite being infamously poisonous, hydrogen cyanide (HCN) is a relevant
molecule in prebiotic chemistry[1]. Many prebiotically relevant molecules, such
as amino acids, nucleobases and their precursors, are formed from HCN
polymerization[2]. However, the mechanisms of how HCN can react to form
complex biological molecules are not yet clear. Using computational methods,
we investigate the reaction pathways towards interesting biomolecules, such as
adenine.
We attempt to gain insight into the vast chemical reaction space of HCN. This
can be done manually with chemical reasoning or with the help of automated
reaction discovery programs. Manual investigation is straightforward but biased.
Automated reaction discovery aims to overcome these biases[3]. We present
intermediate steps of HCN oligomerization towards the formation of prebiotic
molecules.

Figure 1. The role of HCN in prebiotic chemistry. Adapted from Ruiz-Bermejo et al.[1]
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The effect of alloying Cr-rich Cr-Si alloys with Pt was investigated by a
combination of experimental methods and atomic scale modelling. During
annealing at 1200 oC, the investigated Cr-Si and Cr-Si-Pt (Cr ≥ 86 at.%) alloys
developed a two-phase microstructure consisting of Cr solid solution (Crss) matrix
being strengthened by A15 precipitates. It was found that additions of 2 at.% Pt
increase the coarsening rate by almost five times considering annealing times up
to 522 h. Pt was found to change the precipitate matrix orientation relationship,
despite its low influence on the Crss matrix/A15 precipitate misfit. Combining
experiment and modelling, new insight into the mechanism for enhanced
coarsening by Pt addition was gained. The increased coarsening is principally
attributed to a change in interface composition and structure controlling
thermodynamic stabilities as well as growth kinetics. Decisive is that mixing
Pt+Cr in the B position of the A15 Cr3B phase exhibits a larger binary stability
range than does the Si+Cr mix. For the ternary system that mixes Pt+Cr+Si in the
B position, the increased configurational entropy renders precipitate stability
further enhanced. Similarly, the Crss phase was found to have a higher solubility
of Pt + Si over just Si. Both factors jointly facilitate the Ostwald ripening.
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Carbon dioxide storage is one of the long-term main strategies for reducing
carbon dioxide emissions to the atmosphere. A clear example of the bet for this
strategy is Norway’s Longship project, which aims to develop an infrastructure
with capacity to store significant volumes of carbon dioxide from across the
European continent. If this project is to be successful, the transport of huge
volumes of carbon dioxide from the emissions source to the injection points may
become a complex challenge. Pipelines are the most common method for gas
transporting of very large quantities. Even though gas transport through pipelines
has reached an acceptable level of reliability and safety, significant investment in
infrastructure and operation is required to enable large-scale deployment.
Liquification could be another alternative, but the energy consumption will be
high to decrease the volume and it is more dangerous to transport. In this work,
we proposed the production of reversible organic carbonates that can be easily
transported to storage sites. Therefore, alternative solutions must be explored for
the short-medium term. These carbonates are insoluble in organic solvents, hence
allowing to obtain a solid carbonate that can be transported in considerably lower
volumes than gases. The carbon dioxide can be released again through the use of
water and/or weak acids at the storage site. The final aqueous solution contains
the organic solvent used for capturing, which could be recycled to make the
process affordable. Particularly, here we focus on ethanol – sodium hydroxide
mixtures as solvents for precipitating sodium ethyl carbonate.
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The selective catalytic reduction (SCR) of nitrogen oxides (NOx) by ammonia
(NH3-SCR) to harmless and non-toxic products like nitrogen and water is the
basis effective method for NOx abatement in the exhaust of diesel and lean-burn
heavy-duty and passenger vehicles. Significant improvements in exhaust gas
emissions from diesel vehicles have been achieved by using this technology [1].
One type of commonly applied and highly promising catalysts for this reaction is
based on copper ion-exchanged zeolites, which among those small-pore zeolites
feature high activity, an excellent N2 selectivity, and remarkable hydrothermal
stability [2] and meet the requirements for commercialization as part of diesel
engine exhaust after-treatment catalytic systems. Nevertheless, focusing on
climate change with increasing legislative demands, high selectivity for the
formation of the harmless reaction products as well as suppression of by-products
like nitrous oxide (N2O), is favorable.
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A drastic reduction of carbon dioxide emissions is needed to fulfil the ambitious
targets set by the Paris Agreement and slow down the so-called global warming.
Despite many carbon capture and utilization strategies have been investigated
during the last decades, technical and economic challenges prevent industrial
implementation. Therefore, further alternatives must be explored. In this work, a
new concept for carbon dioxide capture using black liquor is proposed. Black
liquor, which is considered a waste of the pulping process, is an aqueous solution
typically composed by lignin, hemicellulose, and inorganic chemicals used in the
aforementioned process. Among these inorganic chemicals, the presence of
sodium species is noticeable, which enables possible utilization of black liquor
for carbon dioxide capture. The reaction between the sodium species and carbon
dioxide will lead to the precipitation of solid carbonates which could potentially
be used for filling the holes produced during exploitation of landmines.
Furthermore, carbon dioxide absorption into black liquor will decrease the pH of
the last one, hence allowing to precipitate lignin as an extra added-value product.
Herein, an experimental study of the main parameters affecting the overall
performance of the process is carried out. Performance indicators such as the
absorption capacity and the absorption rate of black liquor solutions are evaluated
and compared with traditional solvents (i.e., sodium hydroxide).
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Oxygen carrier plays an important role in chemical-looping gasification (CLG),
where partial oxidation of fuel is required to produce syngas. To fulfil this,
oxygen transfer from the air reactor (AR) to the fuel reactor (FR) should be
limited. This may cause a further reduction of the oxygen carrier, which can lead
to several performance issues such as agglomeration and bed defluidization. Iron
sand, a by-product from copper fuming process with a high content of iron (43
wt.% FeO), has interesting advantages to consider as oxygen carrier for CLG.
Apart from being inexpensive and available at suitable size range for fluidized
bed system, the material has been found to be reactive enough to convert fuels in
a fluidized bed setup without experiencing major performance issues, even at
higher reduction degrees. Iron sand was found to have a lower oxygen capacity
than ilmenite, a benchmark oxygen carrier, which makes it possible to limit the
oxygen transfer from the AR to the FR. In this work, we will present these
interesting aspects of iron sand as oxygen carrier based on our experiments in the
lab and why it can be considered a suitable oxygen carrier for CLG.

Figure 1. An illustration of the use of iron sand in chemical-looping gasification (CLG)
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Falling film is a technique where a thin liquid film is flowing down an inclined
or vertical wall in the presence of a gas layer. The thin film gives the technique
excellent heat and mass transport characteristics due to large contact area and
high heat transfer at low flow rates. Hence, falling film is used in various fields,
for instance food and pulp & paper industry. Since heat transfer is heavily
influenced by the hydrodynamics, it is important to gain detailed knowledge on
the flow characteristics as the flow progresses downwards in order to improve the
overall performance of the unit.
In this poster, heat transfer in a vertical falling film large-scale pilot unit is
investigated experimentally and numerically. We study a broad range of
operating conditions covering several fluids and flow rates respectively. We
prove that conditions relevant for an industrial unit can be simulated. We use
those simulations to gain detailed knowledge about the complex structures inside
the thin liquid film, and to understand how they affect the heat transfer.
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Microbial electrosynthesis is a bioelectrochemical process for valorising residual
carbon sources to value-added chemicals. The autotrophic acetogen Clostridium
ljungdahlii can utilize the Wood-Ljungdahl pathway to produce commodity
chemicals from gaseous waste, CO2 and electrons delivered from a solid electrode
in a bioelectrochemical reactor. In this study, the effect of medium composition,
pH, and cathode potentials was determined for C. ljungdahlii grown in a
bioelectrochemical reactor. The use of yeast extract in the medium allowed
reproducible chemical production using C. ljungdahlii during microbial
electrosynthesis. The highest columbic efficiency was observed at – 0.8 V and –
1.0 V of cathode potential while the highest productivity was seen at – 1.0 V.
Cyclic voltammetry results suggested that the extracellular electron transfer of C.
ljungdahlii in a bioelectrochemical process is hydrogen mediated. These results
provide fundamental knowledge needed for designing efficient processes for
value-added chemical production through microbial electrosynthesis
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Hardwood accounts for over half of the global production of bleached chemical
pulp,[1][2] still many of the studies focused on elucidating the governing
mechanisms during delignification are based on softwoods. [3][4] To close this
gap, two projects are carried out to expand the understanding of the hardwood
delignification process during kraft pulping. Recent research has suggested that
mass transport may limit the overall delignification rate, as opposed to the
traditionally assumed kinetically controlled behaviour. [5] Therefore, one project
will study the interactions between chemical reactions and mass transport of
reactants and products at cell wall level. In order to minimize the effect of external
transport resistance, wood meal will be used. A bench-scale flow-through reactor
will be utilized to monitor the degree of delignification and extracted compounds
continuously throughout the cook.
The other project will focus on structural and chemical variations at wood chip
level. A variety of wood species will be studied under different cooking
conditions (including variations in parameters such as temperature and liquor
composition). For each test, the local chemical composition of the treated chips
will be determined. Then, a second set of experiments will be executed to collect
data regarding morphological changes during delignification. To do so, wood
chips will be monitored throughout cooking applying real-time in-situ
tomography. Both projects are part of the Resource Smart Processes network,
financed by VINNOVA through Bioinnovation.
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Impregnation is a key step in the kraft pulping process: it ensures that a part of
the white liquor penetrates the wood chips prior to cooking Therefore, an efficient
impregnation is essential to promote an even start distribution of chemicals in the
chips, contributing to a more homogenous pulp at the end of the delignification
process. [1]
Given its relevance, the impregnation procedure was chosen as the initial focus
in a series of studies aiming at expanding the knowledge of hardwood
delignification. In this work we investigate how impregnation liquors with
different compositions affect the kraft pulping of birch wood chips: Pure water,
water with ballast chemical and cooking liquor with active chemical with and
without ballast chemicals. Samples of impregnation liquor, black liquor and pulp
are characterized based on lignin and carbohydrate content. Two fractions of the
black liquor are employed: the bulk or free portion (separated from the pulp
through filtration) and the bound liquor (separated from the pulp using
centrifugation).
The results show that when cooking chemicals were used for impregnation the
delignification was faster and it was a clear “memory effect” throughout the
cooking operation. Moreover, the comparison between the composition of the
bulk and bound liquors suggests that, at the early stage of cooking, mass transport
within the pulp becomes the limiting factor of the overall delignification rate,
confirming previous findings. [2]
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Cellulose plays a prominent role in the industrial shift from fossil-based to biobased resources. Cellulose can be utilized in a wide range of applications due to
its availability at many length scales, from macro to nano. Microfibrillated
cellulose (MFC), a cellulose structure with dimensions in nano/micrometre scale,
has gained attention due to high mechanical strength, barrier properties and
hygroscopic nature; this renders it attractive in applications in e.g., high
performance nanocomposites.
MFC is produced at dilute conditions (<3 %) and therefore efficient water
removal is necessary. Mechanical dewatering techniques, such as filtration, are
desirable to use, but challenging. Electro-assisted filtration could potentially be
used to improve the dewatering process. In this technique, an external electric
field is applied across the filter chamber to introduce electrokinetic phenomena
that provide additional driving forces for dewatering.
In present study, a unique bench-scale filter press modified for electro-assisted
filtration is employed to dewater a suspension of MFC produced via 2,2,6,6tetramethylpiperidinyl-1-oxyl (TEMPO)-mediated oxidation. A constant applied
pressure of 3 bar was used and the applied electric field was evaluated at three
levels (6, 12 and 24 V/cm). In addition, experiments with only applied pressure
(3 bar) or electric field (24 V/cm) were performed.
Application of solely pressure or electric field resulted in insufficient dewatering,
while a remarkable improvement of the dewatering rate was observed using a
combination; the dewatering rate was proportional to the applied electric field
strength. The dewatering was aided by the electrokinetic phenomena introduced.
In addition, a filter cake with channels corresponding to the openings of the anode
mesh was observed and may have positively contributed.

62
Biorefinery based on side-streams from agriculture
Joanna Wojtasz-Muchaa, Niclas Sjöstedta, Alexander Ridella, Emmanouela
Leventakia, Francisco M. Baena-Morenoa, Anne Michudb, Åsa Östlundc,
Diana Bernina
a

Chalmers University of Technology, Gothenburg, Sweden
b
Stora Enso, Stockholm, Sweden
b
TreeToTextile, Stockholm, Sweden
Email: wojtasz@chalmers.se

The environmental aspects connected to waste handling and valorization, future
fibre shortages and increasing pulp prices, require a circular and resourceefficient cellulose economy in Sweden. Widely discussed possibilities are the
recycling of cellulose fibres available in form of textiles, printing paper and
cardboard including streams from biorefineries based on wood or annual plants.
In this work we focus on the cellulose residues from agricultural waste and their
potential for a biorefinery approach. The agricultural waste can be considered low
value lignocellulosic feedstocks. Including them in a biorefinery process would
open a possibility for increasing their value by production of high value products
such as dissolving pulp supplemented by lignin based products. The Swedish
agricultural production was mapped for potential resources within its side
streams. Both the primary agricultural residuals produced directly at the fields
and secondary - side streams after processing, were considered. Four streams
were selected: wheat straw, oat husks, potato pulp and sugar beet pulp. The
investigations included pre-treatment, chemical delignification and bleaching as
well as pulp analysis. The delignification of the raw materials was relatively easy
compared to the delignification of wood while the removal of hemicelluloses and
ash appeared problematic. The properties of the pulp could be to some extent
regulated by the process parameters. For a holistic approach of a biorefinery, two
scenarios of black liquor utilization are considered: production of bio-based
chemicals through photochemical reactions using light from LEDs or its
utilization for CO2 uptake.
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We have developed an Optical DNA Mapping (ODM) method that can be used
to accurately identify bacteria present in a sample on the species level [1]. The
method includes a single step competitive binding-based labelling scheme to
create a sequence specific intensity profile along the DNA. The DNA is
subsequently stretched in nanofluidic channels, and the intensity profile is imaged
using a fluorescence microscope. Experimental intensity profiles are compared to
a reference database, and bacteria are identified based on discriminatively
matching profiles. In an ongoing study we have developed the method further,
showing that we can identify the gram-negative bacteria E. coli and K.
pneumoniae with taxonomic resolution at the strain level [2]. Here, we show that
our improved ODM method can be used for sub-species typing also of the grampositive pathogenic bacteria S. pyogenes.
We have used our ODM method to analyze 7 S. pyogenes isolates from clinical
samples. A phylogenetic tree was constructed using 220 reference genomes of
this species, subsequently divided into 4 sub-groups. For all of the isolates tested
experimental intensity profiles matching discriminatively to the correct species
were detected, with a true positive rate close to 100%. Discriminative profiles
could be identified also on sub-species level. These results constitute a promising
step in the development of the method as a tool for rapid diagnostics of clinical
bacterial infections.
References.
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Antibiotic resistance has become increasingly severer and is regarded as one of
the biggest threats to global health according to World Health Organization
(WHO)1. Designing novel materials with different bactericidal mechanisms,
therefore, is challenging yet of commercial and scientific desire. Considering the
size of bacteria (~1 µm) and the thickness of their lipid membrane (~5 nm),
nanomaterials with sharp structure features can be promising candidates for
antimicrobial applications with a physical cutting mechanism. Graphene, as a
two-dimensional (2D) material, possesses an extremely large lateral-to-thickness
aspect ratio, which shows great potential in such a cutting approach2. However,
controlling the orientation of the graphene is critical to ensure the graphene flakes
can penetrate the bacteria. In our previous work, we have used plasma-enhanced
chemical vapor deposition (PECVD) to obtain vertical graphene (VG). The
results have revealed the physical cutting effect of the VG, as shown in Figure 13.
To continue with this work, transferring VG to other substrates, such as bandages,
is under investigation. Other nanomaterials, including metal-organic frameworks
(MOFs), are also under evaluation.

Figure 1 The SEM image of dead E.coli bacteria cut by vertical graphene coating
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Lactic acid is an organic acid with a wide range of industrial applications,
including as a raw material for production of poly-lactic acid (PLA), which is a
biodegradable polymer that can be used for production of bioplastics. In this
study, we constructed and examined a lactic acid producing yeast,
Saccharomyces cerevisiae CEN. PK X3P, and a wax-ester producing gramnegative bacteria Acinetobacter baylyi ADP1, co-culture bioprocess for valueadded biochemical production from lignocellulosic biomass. We developed a
strategy to design yeast and bacterial co-cultures able to function as amicrobial
consortia, by: (i) Construction of a high-level lactic acid producing yeast strain
which can utilize most sugars in lignocellulosic biomass; (ii) Development of a
wax-ester producing bacterial strain for detoxification of inhibitors in
lignocellulosic biomass; and (iii) assembling strains in a single pot and
optimization of bioprocess for the symbiotic co-culture. The designed co-culture
successfully showed the traits aimed for i.e., utilization of most sugars by yeast
and detoxifying of inhibitors such as acetate by bacteria. However, several
challenges remain to be overcome in terms of production yield. This work
suggests there is great potential in co-cultures for the development of
bioprocesses based on functionally complementary strains.

Figure 1. Overview of the biochemicals production by co-culture of Saccharomyces cerevisiae and
Acinebactor baylyi ADP1 from lignocellulosic biomass.
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I work with development of biological sensors for detection of the pathogenic,
i.e. disease causing, yeast Candida auris. This yeast is increasingly common in
hospital settings and is in most detected cases resistant to at least one of the three
classes of anti-fungal treatments we have today. Multiple cases of dual resistance
and of resistance to the full spectrum of antifungal treatments have been identified
as well. Coupled with the pathogenic traits of the yeast, which mostly infects
immunocompromised patients and results in a low survival rate of 33%, it is
crucial that we have effective methods for detection to be able to contain the
spread of infection and to facilitate that special care is given to infected patients.
Unfortunately, traditional methods of detection, based on external traits such as
shape, color and growth pattern cannot be used to identify C. auris with certainty
as it shares many traits with other pathogenic yeasts. More advanced methods
such as mass spectrometry and PCR can be used for identification but require
special equipment and are not available at all hospitals. There is an urgent need
for an efficient and easy-to-use method for detection of C. auris, which we are
developing. The biological sensor is constructed by genetically modifying the
non-pathogenic yeast Saccharomyces cerevisiae, better known as bakers or
brewer’s yeast. In addition to being used throughout our society in processes such
as wine brewing and bread baking, it has become a standard workhorse for
biotechnological applications. Due to this, an extensive repertoire of knowledge
and tools have been developed for genetic engineering of S. cerevisiae making it
possible to efficiently engineer the genome of the organism. Furthermore, S.
cerevisiae is easy and cheap to produce, and possible to store at room temperature
if freeze dried. It would therefore be easily deployable in areas without access to
standard infrastructure such as fridges, freezers and special equipment.
In order to detect pathogens, the yeast will be genetically modified to present a
recognition protein on its surface. The recognition protein would specifically
recognize and bind to a component from C. auris, and upon binding initiate
intracellular processes to produce a visible pigment detectable to the naked eye.
Similar sensors have been developed for detection of pathogenic yeasts before,
but never for C. auris, and present an answer in about 3h.
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Modern life generates enormous amounts of plastic waste: 359 million tons of
plastics are produced annually worldwide (2019), of which 90% is produced from
fossil fuels and 79% accumulates in landfills or in the natural environment [1].
Plastics are known as non-biodegradable, still, some microorganisms can degrade
plastics, but very slowly. The main bottleneck in finding efficient plasticdegrading enzymes is a lack of high throughput screening methods.
Here we present an ultra-high throughput approach for the directed evolution of
one of the mostly common plastic PET. An error-prone library of an known PET
degrading enzyme – PETase from Ideonalla sakaiensis [2] was over-expressed
and could be secreted in E.coli strain. A biosensor which could sense the
monomer terephthalic acid (TPA) [3] was also integrated into the genome of host
strain. Single cell from the library was encapsulated into droplets (~ 60 µm
diameter) with autoinduction medium supplemented with PET nanoparticles, by
microfluidic technology at an ultra-high frequency 1-10 kHz. 1% ultra-low
gelling temperature agarose was also added into the medium to facilitate
downstream FACS sorting by transforming water-in-oil emulsions into agarose
beads.
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Figure. A) The biodegradation of PET by PETase; B) The metabolite TPA yield when cultivating
PETase secreting E.coli strain with 0, 2.5, 5 g/L PET nanoparticles in the medium; C) Sensitivity of the
TPA biosensor in E.coli; D) Water-in-oil emulsions encapsulating 2.5 g/L PET nanoparticles; E) Agarose
beads dyed by Nile red; F) FACS sorting of agarose beads.
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Accumulation of phosphorylated α-synuclein (α-syn) aggregates with
concomitant cytotoxicity is a hallmark of Parkinson’s disease and other so-called
Lewy body related disorders. Although α-syn plays a significant role in the
pathogenesis and disease progression of PD, the functions of α-syn and the
molecular mechanisms underlying α-syn-induced neurotoxicity are still elusive.
To better understand how the size and morphology of α-syn amyloid fibril seeds
influence their ability to propagate α-syn aggregation from diseased to healthy
neurons (a hallmark event in disease progression), we prepared recombinant αsyn fibril seeds. We performed biophysical analyses to the fibrils to map their
structure and morphology and, in parallel, added them to primary neuronal
cultures (from mouse embryonic cortex) to explore their neurotoxicity and ability
to induce aggregation. We found phosphorylated α-syn inclusions, indicative of
that propagation had occurred, appeared in the primary neurons within a few days
of incubation. The effects of different α-syn fibril types on neuronal viability and
α-syn inclusion formation were evaluated using a immunocytochemistry based
method. We found a clear negative correlation between α-syn fibril length and
induced inclusion formation, extending previous observations of that short fibrils
(< 100 nm) are the most toxic species1 Furthermore, we compared the effect of
wild-type α-syn to that of a pathological (disease-causing) inheritable mutation
(A53T) demonstrating a significantly higher propagation capacity of the latter.
Altogether, our results contribute to the understanding of how α-syn aggregation
drives the progression of Parkinson’s disease pathology.
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Lignocellulosic biomass, biomass unsuited as food and feed, needs to be pre-treated
and hydrolyzed before being utilized by yeast for biorefinery applications. The pretreatment causes the release of various inhibitory by-products, namely weak acids,
furans and phenolics which are inhibitory to yeast and thus reduce the process
efficiency. Formic acid is one of the main weak acids and it is known to be inhibitory
even at low concentrations.
In this study, we employed a CRISPR interference (CRISPRi) strain library
comprising more than 9000 strains, to study the formic acid tolerance in
Saccharomyces cerevisiae. In this downregulation library, >98% of all essential and
respiratory growth-essential genes are targeted with 3-17 gRNAs. The strain library
was first screened individually in solid media supplemented with 140mM formic
acid using the Scan-o-Matic platform and growth parameters such as growth rate
and biomass yield were extracted. After the screen on solid media, 179 strains
demonstrated a fit phenotype compared to controls whereas 329 strains showed a
sensitive phenotype towards formic acid. Compared to our previous screen for acetic
acid tolerance, there were 219 sensitive and 20 tolerant strains in common. We
observed that essential genes that are associated with chromatin assembly,
remodelling, condensation and cohesion were significantly enriched for strains
showing formic acid tolerance. Furthermore, genes encoding proteins involved in
Golgi vesicle mediated transport were enriched in sensitive strains, in line with the
findings of our previous study. To validate our results, 42 sensitive and 42 tolerant
strains were selected together with 12 strains displaying similar growth as the
background strain and screened in synthetic liquid medium supplemented with
formic acid. We also aim to screen selected strains in the presence of other acids or
inhibitory compounds.
Systematic analysis of phenomics of CRISPRi strains grown in the presence of
inhibitors provides means for a greater understanding of the underlying physiology,
of what makes a yeast cell tolerant to lignocellulosic hydrolysates. This study has
allowed us to compare the role of essential genes in the presence of different weak
acids and has helped broaden the knowledge on the involved tolerance mechanisms.
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Although the link between the chronic inflammation caused by Helicobacter
pylori and gastric cancer development is well established, the details of the
process are not fully elucidated and the majority of infected individuals remain
asymptomatic. In this study we performed RNA-Seq analysis of gastric corpus
biopsies from patients at different stages of the gastric precancerous process (N
= 28). Using gene set analysis focused on metabolic pathways and reporter
metabolites, we found the expression of kynurenine pathway genes to be
significantly increased with disease progression. Several kynurenine pathway
enzymes were up-regulated, including indoleamine 2,3-dioxygenase 1 (IDO1),
tryptophan 2,3-dioxygenase (TDO2), kynurenine 3-monooxygenase (KMO), and
kynureninase (KYNU). We subsequently validated this signature in two
validation cohorts (N = 261) of cancer patients and healthy controls. The
kynurenine pathway is one of the catabolic pathways of tryptophan and the
depletion of tryptophan as well as the downstream metabolites and IDO1 itself
has been shown to have an inhibitory effect on the proliferation of T lymphocytes.
Using immune cell deconvolution analysis we pin-pointed several immune cell
types that strongly correlate with increased kynurenine metabolism, including a
decrease in regulatory T-cells and increased macrophage abundances. Finally,
using targeted serum metabolomics, we identify an increased kynurenine
tryptophan ratio correlating with disease progression. The up-regulation of this
metabolic pathway and it’s downstream active metabolites might play a role in
the modulation of the immune response to chronic H. pylori infection.
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Body text. A majority of the yeasts known to be able to utilize xylose does so at
lower rates than that of glucose. One species that has been shown to grow equally
well on both sugars, and also to have the capacity to co-ferment glucose and
xylose, is the basidiomycete Pseudozyma hubeiensis (Tanimura et al, 2016).
While most of the research on this species has been focused on its ability to
produce and secrete biosurfactants (glycolipids; Morita et al 2013), it is also
capable of accumulating high amounts of storage lipids intracellularly.
Previously, P. hubeiensis BOT-O was isolated in the Gothenburg botanical
garden and found to produce storage lipids up to 40% of biomass during nitrogenstarvation with xylose as a carbon source. In the current study, we have sequenced
and annotated the BOT-O genome using a combination of long-read sequencing
(MinION) and Illumina paired-end sequencing.
We have subsequently compared the growth on glucose and xylose, in log phase
and during early nitrogen starvation. Similar to previous reports on P. hubeiensis,
BOT-O grew equally well on glucose and on xylose with comparable growth and
consumption rates (0.23 h-1, 0.20 g/h and 0.21 h-1, 0.19 g/h for glucose and
xylose respectively), but produced more total lipids on glucose. Samples were
also analysed by RNAseq. A high number (~900) of significantly up- or downregulated genes were detected after N-starvation on either of the sugars, but when
exponential growth on glucose was compared to that on xylose, the difference
was much less pronounced (~70 genes). To our knowledge, this is the first time
the transcriptome of P. hubeiensis has been studied, which will, among other
things, give an insight into the fatty acid metabolism of this less characterized
oleaginous yeast.
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Acetic acid is one of the main inhibitors of lignocellulosic hydrolysates and acetic
acid tolerance is crucial for the development of robust cell factories for
conversion of biomass. As a precursor of acetyl-coenzyme A, it also plays an
important role in central carbon metabolism. Thus, monitoring acetic acid levels
is a key aspect when cultivating yeast. Transcription factor-based biosensors
represent useful tools to follow metabolite concentrations. Here, we present the
development of an acetic acid biosensor based on the Saccharomyces cerevisiae
transcription factor Haa1 that upon binding to acetic acid relocates to the nucleus.
In this study, a synthetic transcription factor consisting of Haa1 fused to BM3R1
from Bacillus megaterium was used to control expression of a reporter gene under
a promoter containing BM3R1 binding sites. The biosensor responded to acetic
acid over a linear range spanning from 10 to 60 mM (1). To validate its
applicability, the biosensor was integrated into acetic acid-producing strains. A
direct correlation between biosensor output and acetic acid production was
detected. The developed biosensor was improved and combined with a CRISPRi
yeast library to explore its potential to investigate acetic acid tolerance.
Fluorescence-activated cell sorting led to the enrichment of a population of cells
with higher acetic acid retention, which resulted to be more sensitive to acetic
acid stress. Furthermore, the data presented in this study indicate that this
biosensor allows for the screening of acetic acid tolerance libraries and could be
used to identify gene targets improving acetic acid tolerance.
References.
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Abscisic acid (ABA) is an essential plant hormone occurring in all higher plants
and is regulating functions such as the abscission of leaves, ripening of fruit and
resistance to abiotic and biotic stresses. Besides its central role in plants, ABA is
also produced by fungi, bacteria, protozoa and animals, including humans,
suggesting that ABA is an evolutionary conserved signalling molecule.
Agricultural, nutritional and pharmaceutical applications of ABA have been
explored and show promising results. However, sustainable and lucrative
production processes for this high-value compound are lacking.
Previously, we used Saccharomyces cerevisiae to engineer an ABA cell factory
using a 4-step metabolic pathway from Botrytis cinerea. In the current study, we
built a yeast-2-hybrid-based ABA biosensor and constructed a yeast strain to
screen for improved ABA pathway enzyme variants. The ABA biosensor is based
on two plant proteins that co-localise in the presence of ABA, resulting in the
activation of a GFP reporter gene. Two biosensor designs were tested and
supplementation of ABA lead to 8.5-fold and 12-fold increase of the GFP signal,
respectively. The biosensor design with a more suitable operational range was
integrated in an ABA-producing S. cerevisiae strain. In this strain, a repressible
promoter was used to regulate the expression of a rate-limiting ABA pathway
gene. The biosensor output in the ABA-producing strain inversely correlates to
the repressor’s effector concentration in the media, demonstrating that ABA
production in the strain can be regulated in a dose-dependent manner. The
adjustable enzyme expression level allows for a more dynamic screening
approach, in which ABA production can be tuned to the enzyme’s activity and
the operational range of the sensor.
The developed strain will be used for hyperactive enzyme variants, which can be
used to improve the productivity of ABA cell factories.
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The snacks you are eating while your read this poster are traveling through your
gastrointestinal tract, until a portion of the harder-to-digest material (dietary fiber
polysaccharides) ends up in your large intestine. It is here that microbes (mainly
bacteria) that live in your colon have their own dining experience as they break
down the fiber for their own energy needs. Their waste (short chain fatty acids,
SCFAs) in turn becomes a nice “snack” as your intestinal cells suck it up for
energy. These smelly compounds can be quite healthy for you, actually, and
provide around ten percent of your energy needs each day.
Many scientists are focusing on how gut microbes degrade fiber polysaccharides.
However, few have studied what happens afterward inside the bacterial cell
(going from e.g. glucose to smelly SCFA). We do know quite a bit from studying
other organisms such as E. coli. However, most gut microbes behave quite
differently from these model organisms, and they live in very different
environments, so we need to determine in what ways the gut microbes behave the
similarly and in which ways they behave differently. In short, we want to better
understand in detail how gut microbes work on the inside. My work has been to
study one bacterium that might be snacking on carbohydrates in your gut right
now. How does it behave? Once we understand that, can we change its behavior?
Answering these questions has big implications for biotech applications as well
as for human and animal health.
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Enzymatic degradation of plant polysaccharide networks is a complex process
that involves disrupting an intimate assembly of cellulose and hemicelluloses in
fibrous matrices. To mimic this assembly and to elucidate the efficiency of
enzymatic degradation in a rapid way, models with physicochemical equivalence
to natural systems are needed. Here, we employ xylan-coated cellulose thin films
to monitor the hydrolyzing activity of an endo-1,4-β-xylanase. In-situ surface
plasmon resonance spectroscopy (SPRS) revealed a decrease in xylan areal mass
ranging from 0.01±0.02 to 0.52±0.04 mg∙m-2. The extent of digestion correlates
to increasing xylanase concentration. Atomic force microscopy confirmed the
removal of xylans from the cellulose thin films. We provide a new model platform
that offers nanoscale sensitivity for investigating biopolymer interactions and
their susceptibility to enzymatic hydrolysis.

Figure. Xylan-cellulose thin model films of approximately 30 nm thickness are generate by spin coating
trimethylsilyl cellulose (TMSC) in chloroform onto a silicon or gold substrate platform which is
subsequently regenerated to cellulose via vapor phase acid hydrolysis [1]. The advantage of 2D model
studies is a simpler investigation of the interactions of xylan and cellulose, as well as accessibility to
enzymes since there is no complex 3D fiber network present.
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Mass spectrometry is an increasingly important method for the characterization of
biochemical metabolomes due to its specificity and sensitivity. Characterization of
the metabolome provides a wealth of information on the low-molecular weight
metabolites in a given samples, indicating metabolic triggers induced by for example
food, medication or other external factors. Despite many advancements in highresolution mass spectrometry instrumentation, much work remains to be done in the
development of metabolomics methods for making them applicable to various
research questions. Our imminent challenge is to rapidly, in second-scale, screen for
hundreds of metabolites with high specificity, selectivity and accuracy. Traditionally
used analytical metabolomics platforms such as gas chromatography and liquid
chromatography coupled with mass-spectrometers have their respective strengths
including high sensitivity and multi-dimensional molecular characterization, but
they are limited in sample turnover. Here we present our progress in developing a
novel approach for rapid analysis of small molecules, by combining automated solidphase extraction with ion-mobility mass spectrometry (SPE-IM-MS) for targeted
and untargeted metabolomics. We are using the yeast metabolome as our model to
see the effect of different parameters. Our ongoing work involves optimizing
experimental conditions, sample preparation, acquisition parameters, and data
analysis methods to maximize the metabolic information content of a single
extraction. Given the high-throughput nature of the instrumentation, emphasizing
sensitivity in method development is crucial. This effort embodies a major step
forward in high-throughput sensitive molecular characterization via ion mobility
separation.
If developed properly, the SPE-IM-MS approach could overcome many current
challenges of large-scale metabolomics and can be finely tuned for the study of more
complex samples. This will enable rapid and sensitive screening of large-scale
patient cohorts to better understand the metabolic triggers of diseases, physiological
biomarkers, and discovery of bioactive drug candidates. More broadly, this is an
important part of the larger effort to more comprehensively characterize biochemical
systems across all omic modalities. Most importantly, this platform plays a crucial
role as a part of a fully-automated platform for scientific discovery.
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The climate emergency is shifting the attention of authorities towards the goal of
decarbonization. Reduction of carbon emissions to obtain carbon neutrality is currently
the main tool to limit the consequent increase in global average temperatures. The
use of fossil energy resources (coal, oil and its derivatives, natural gas) is considered
the main cause of greenhouse gas emissions. Industrial Biotechnology plays an
important role in this challenge. Ethanol produced from lignocellulosic biomass
through yeast fermentation is a concrete possibility to achieve sustainable transport.
Lignocellulose is the most abundant, non-food, raw material on Earth, which makes it
an attractive substrate for fermentations.
However, pretreatments generate
degradation compounds e.g. acids and phenols, that may affect the yeast metabolism,
thus reducing yeast performance in the subsequent fermentation step.
As the fermentation environment presents numerous challenges, there is a need of
strains that exhibit a stable performance, thus robust strains. Microbial robustness is
defined as the cell’s ability to maintain optimal performances under challenging
conditions1.
In the present work we examine different combinations of inhibitors derived from the
lignocellulosic biomass hydrolysates, in order to evaluate the synergistic effects (both
positive and negative) on the robustness and performance of the tested strains. The
strains cultivated in a high-throughput setup are Saccharomyces cerevisiae Ethanol
Red and CEN.PK113-7D. For each combination tested, the following parameters are
determined: maximum growth rate (1/h), lag phase (h), cell dry weight (g/L) and
ethanol/acetate/glycerol/biomass yield (g/g). For the quantification of microbial
robustness, the mean normalized Fano factor is used, as previous works demonstrate
that the index allows precise and dependable quantification2.
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The mediator of ERBB2-driven cell motility 1 (Memo1) protein is connected to
many signaling pathways that play key roles in cancer (1). Memo1 was recently
reported to bind copper ions and, thereby, promote generation of reactive oxygen
species (ROS) (2). Since the concentrations of copper as well as ROS are
increased in cancer cells, this can be toxic if cellular homeostasis is perturbed (3).
Here we investigated the copper binding capacity of Memo1 using biophysical
and biochemical methods at reducing as well as oxidizing conditions in vitro. Our
results shows that Memo1 coordinates two reduced copper (Cu(I)) ions per
protein, and, by doing so, the metal ions are shielded from ROS generation. In
support of biological relevance, we show that the cytoplasmic copper chaperone
Atox1, which delivers Cu(I) in the secretory pathway, can interact with and hand
over Cu(I) to Memo1 in vitro. Moreover, the two proteins show spatial proximity
in the breast cancer cells. Taken together, Memo1 appears to act as a Cu(I)
chelator that protects cells from uncontrolled formation of ROS. This new
Memo1 functionality may be a mechanism by which cancer cells assure safe
handling of high levels of copper ions.

References.
1.
2.
3.

A. Frei et al., Memo interacts with c-Src to control Estrogen Receptor alpha sub-cellular
localization. Oncotarget 7, 56170-56182 (2016).
G. MacDonald et al., Memo is a copper-dependent redox protein with an essential role in
migration and metastasis. Sci Signal 7, ra56 (2014).
D. Denoyer, S. Masaldan, S. La Fontaine, M. A. Cater, Targeting copper in cancer therapy:
'Copper That Cancer'. Metallomics 7, 1459-1476 (2015).

CELL AND MOLECULAR BIOLOGY

80
Nucleoid organization and phage shock protein response as a cue
to stress signaling and antibiotic resistance.
Luna Baruah, Margareth Sidarta, Michaela Wenzel
Division of Chemical Biology, Department of Biology and Biological Engineering,
Chalmers University of Technology, 412 96 Gothenburg, Sweden
Email: baruah@chalmers.se

Introduction
PspA and LiaH are two phage shock proteins found in Bacillus subtilis, which
are the homologues of E. coli phage shock protein PspA. Both proteins play an
important role in maintaining membrane homeostasis, when exposed to various
environmental and antibiotic stressors. They probably mitigate stress by
interacting with the cell membrane, which contains different membrane domains.
However, their exact function and what triggers the expression of these proteins
in B. subtilis is not well-studied. Curiously, we found that several conditions that
trigger their expression also impact nucleoid packing.
Objectives
Here, we aim to find the various triggers of the phage shock proteins in B. subtilis
and compare how these stressors impact nucleoid compaction.
Methods
We used B. subtilis strains expressing fluorescent protein fusions to PspA and
LiaH together with membrane dyes that report on fluidity. DAPI staining was
done to visualize nucleoid compaction under stress conditions. Strains were then
subjected to various environmental and antibiotic stresses, such as temperature,
oxidative and osmotic stress.
Results and conclusion
Exposing B. subtilis strains to different environmental and antibiotic stressors
shows a clear difference in the pattern of localization for both LiaH and PspA.
This suggests distinct functions of these proteins both under unstressed and
stressed conditions. The effect of these stressors and length of exposure on
nucleoid compaction also reveals how the nucleoid is reorganized under various
stressed conditions. Binding of the phage shock proteins to the bacterial
membrane interphase of different fluidity might also contribute to making them
more resistant to antibiotics. However, understanding the molecular mechanisms,
which govern the nucleoid reorganization and phage shock protein response, will
require further studies.
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Aggregation of the amyloid-β (Aβ) peptide into amyloid fibrils is a central
pathogenic feature in Alzheimer’s disease (AD). Although the exact mechanisms
behind this neurodegenerative disorder are not yet clear, extracellular vesicles
(EVs), which are secreted by all cells to mediate non-synaptic intercellular
communication, have been identified as potential disease modulators. This
project focuses on how EVs interact with Aβ peptides and influence their
aggregation. We have compared the effect of EVs from the two human cell types;
SH-SY5Y, representing neurons, and HEK293-T which are kidney-derived. The
aggregation kinetics of Aβ(1-42) peptides in absence and presence of EVs were
monitored using thioflavin T fluorescence1. We found that EVs from both cell
types significantly slow down Aβ(1-42) aggregation, suggesting they may be
neuroprotective. However, kinetic analyses further revealed that EVs reduce the
rate constant for amyloid fibril elongation (k+). This resulted in the formation of
very short Aβ (1-42) fibril fragments, as confirmed by atomic force microscopy.
Interestingly, short amyloid fibrils have been associated with enhanced
neurotoxicity2 and cell viability studies are therefore underway to better pinpoint
the pivotal balance between neuroprotective (aggregation inhibitory) and
neurotoxic effects of EVs. Our data thus contributes to understanding the role and
impact of EVs on Aβ-mediated neurodegeneration.

Figure. (A-C) Effect of EVs on unseeded and seeded aggregation of Aβ(1-42) monitored by changes
in fibrillar mass fraction as function of time; A. no seeds, B. 5% pre-formed fibril seeds, and C. 25% preformed fibril seeds. D. Changes in aggregation reaction half times the absence and presence of fibril
seeds. EVs were purified from HEK293-T cells.
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Aggregation of monomeric α-synuclein protein into amyloid fibrils that deposit
within neurons in the brain is a key pathological hallmark of Parkinson’s disease.
Significant research has focused on understanding the structure and assembly
kinetics of α-synuclein amyloid fibrils, often with the assumption that the fibrils
are terminally stable, i.e., that they do not degrade. However, our data suggest
that α-synuclein fibrils are in fact rather unstable and prone to disassembly in
many cases. Furthermore, previous research in the group has shown that small
fibril fragments are more neurotoxic than full length fibrils (1). This project
focuses on the thermodynamic stability of WT α-synuclein amyloid fibrils in
comparison to mutant E46K, a protein variant that causes a severe, hereditary,
early onset form of Parkinson’s disease. We used cold denaturation (transfer of
pre-formed fibrils to 4°C) to induce fibril disassembly and monitored the
reduction in fibril mass using thioflavin-T fluorescence, SDS-PAGE, AFM and
circular dichroism spectroscopy. We observed that sonication of full-length
fibrils into fragments increased the depolymerization rate of both WT and E46K
fibrils, suggesting that end-chain depolymerization is the main disassembly
mechanism in both cases. In addition, the data shows that E46K fibrils decompose
faster than WT, suggesting that it increased neurotoxicity and could, at least in
part, be related to the formation of putatively toxic fragments during disassembly.

Figure 1: Cold denaturation of full-length (Unsonicated) and sonicated WT and mutant E46K α-synuclein fibrils
over time. (A) Fibril concentration decrease visualized by absorbance (B) Monomer concentration increase
visualized by SDS-PAGE (C, F) Change in morphology visualized by AFM (D-E) Fibril decrease visualized by CD.
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The field of RNA-based therapeutics is evolving rapidly and the development of
more native-like tools to study them and their true action in cells is vital. Fluorescent
nucleobase analogues (FBAs) offer unique possibilities to probe nucleic acids at
physiological conditions while maintaining their native interaction patterns.
Previously, we have shown that using various FBAs as donor together with another
base analogue as acceptor can constitute excellent FRET pairs for distance and
orientation dependent studies of nucleic acid structures1,2. We incorporated our
analogues into antisense oligonucleotide (AOS) gapmers and found them to be
functional ASO probes3. Recently, we have shown that the nucleoside triphosphate
of our FBA tCO can be used to label long native-like RNAs enzymatically in in vitro
reactions and used to study the cellular uptake of mRNA and its subsequent
translation into a functional protein4. In the continued development of FBA-tools for
RNA-based therapeutics, we present the spontaneous cellular uptake of two
fluorescent nucleotides from our adenine family. Relatively small differences in the
molecular structure of the modified nucleobases result in significant differences in
their intracellular localization, with one adenine analogue being capable of
efficiently entering the nucleus. Following the accumulation inside living cells this
base analogue is accepted as a building block by the cellular machinery and
incorporated into RNA, rendering the RNA fluorescent. The spontaneous cellular
uptake and intracellular incorporation of FBA along with our novel in vitro
transcription-based labeling of long RNAs, and the ability of FBAs to maintain
native nucleic acid properties, offer a versatile toolbox to study the dynamic aspects
of RNA-based drug delivery and trafficking within living cells.
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Deposition of amyloid-β (Aβ) peptides in the brain is a major pathological
hallmark of Alzheimer's disease (AD). The amyloid plaques in Alzheimer's brains
mostly consist of the variant Aβ42 and some plaques contain only Aβ421. The
trace metals copper (Cu), zinc (Zn), and iron (Fe) are significantly enriched in the
amyloid plaques of AD patients compared with age-matched controls2. It has been
shown that Cu2+inhibits Aβ aggregation at pH 7 (outside of cells) but not at pH
5.0, which corresponds to the pH in lysosomes3. Cu is, furthermore, essential for
the regulation of cellular pathways that are fundamental for brain function4. Here,
we present the effect of Cu2+ ions on the uptake, lysosomal accumulation, cellcell propagation and neuronal clearance of Aβ42. Using flow cytometry and
confocal microscopy, we find that Cu2+ (up to 150 µM) increases the uptake of
Aβ42 in human SH-SY5Y neuroblastoma cells, as well as the propagation of
Aβ42 to neighbouring cells in co-cultures. Our findings indicate that metal ions
may have dual effects on Aβ42, acting both neuroprotective by slowing down the
aggregation in the extracellular space and damaging, by enhancing neuronal
accumulation and cell to cell propagation.
(a)

(b)

Figure 1. Confocal imaging of the cellular uptake of Aβ42 in SH-SY5Y cells. (a) SH-SY5Y cells after
4hr co-incubation with 1µM HF488-labelled Aβ42 monomers and (a) 0µM or (b) 100µM CuCl – images
taken 12hrs after initial timepoint.
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Alzheimer’s disease is a fatal neurodegenerative disease associated with the
aggregation of the amyloid-β peptide into fibrillar species that accumulates into
extracellular senile plaques in the brain1. To be able to find new therapeutic
strategies, it is crucial to develop molecular level understanding of the effect of
different intrinsic and extrinsic factors on the Aβ aggregation process. Disrupted
lipid homeostasis in a common finding in the brains of people suffering from AD,
suggesting a pivotal role of lipids in AD pathology2. Ganglioside lipids are widely
accepted to be particularly important3. In this study, we have adopted a kineticsbased strategy to systematically explore the effect of the ganglioside lipid GM1
on the aggregation of Aβ42 (the disease-associated 42 residues variant of the Aβ
peptide). We demonstrate that incorporation of GM1 into lipid membranes
reduces Aβ42 aggregation by decreasing the primary nucleation rate (formation
of initial Aβ42 aggregates). Generally, we found that this is also associated with
a cytoprotective effect and increased viability in a human neuroblastoma cell
model. In addition, we show that the inhibitory effect of GM1 is considerably
enhanced by the presence and concentration of other lipid components, especially
sphingomyelin and cholesterol suggesting a synergistic effect induced by GM1
clustering into lipid rafts. This study adds to our understanding of how lipid
membranes modulate AD disease pathology, especially by pointing out the strong
context dependent effect of different lipid components and lipid combinations.
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Antimicrobial resistance poses a global health threat. With the golden age of
antibiotics being over, once easily treatable diseases are now untreatable1.
Therefore, it is crucial to find new promising alternatives and to optimize already
existing compounds. For this purpose, it is pivotal that we understand how these
compounds work.
While model membrane systems have been used to study antimicrobial
compounds that form membrane pores or target membrane-associated processes,
these models report to a lesser degree on non-pore-forming compounds. In
addition, there has been evidence that the pore formation seen in these system
poorly translates to the mode of action in bacterial cells2. Yet, methods studying
membrane-active compounds in living bacteria are sparse. With recent advances,
especially in microscopy and cell biological labelling techniques, such
mechanisms can now be studied in greater detail3.
We have established and compiled a range of fluorescence-based techniques to
study antibiotic mechanisms in living bacterial cells. Here, we present an
overview of these methods, including approaches to assess cell morphology, cell
membrane, cell wall, protein targets, oxidative stress as well as DNA damage.
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Antimicrobial resistance has culminated in infections no longer treatable with any
common antibiotic. Despite considerable efforts, the alarming emergence of
resistant superbugs is still not matched by the comparatively slow development
of innovative drugs. This problem motivates the need to find alternative strategies
to target bacterial stress responses to weaken bacterial defenses. The bacterial cell
envelope is the first line of defense against many environmental threats. It is also
an essential structure that gives the cell its shape and controls many complex
processes, such as nutrient uptake or respiration. Thus, bacteria must maintain the
integrity of their cell envelope through systems called cell envelope stress
responses. To date, many bacterial cell envelope stress proteins have been
identified. Depending on the type of the stressors, these stress proteins are
triggered differently. Some of them are shown to be involved in antibiotic
resistance1–3 and are interesting targets to be explored as new drug target
candidates. Here, we will present some cell envelope stress proteins that have
been studied in our research group and highlight their potential as new drug
targets.

Combination approach against resistant bacteria. Defense mechanisms cause bacteria to become
resistant to antibiotics. Combining antibiotic therapy with drugs that target bacterial defenses will
sensitize bacteria to antibiotics and can be developed to break the antibiotic resistance problem.
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We have shown that two iron chelates, used in iron nutrition, promote induction
of the oncogenic growth factor Amphiregulin in human gut epithelial cells. Since
then, we have investigated several iron compounds on the safe lists of EFSA and
USFDA using a human intestinal cell assay in combination with proteomic
profiling. Here we will report proteomic cell data for other iron chelates, salts and
nanoparticulate iron which suggest that iron chelates may increase the cellular
sensitivity to pro-inflammatory mediators and growth promotors by increasing
their receptor levels. We conclude that iron chelates may be pro-inflammatory
and pro-oncogenic to intestinal cells.
References.
Scheers N. et al. “Ferric citrate and ferric EDTA but not ferrous sulfate drive amphiregulin-mediated
activation of the MAP kinase ERK in gut epithelial cancer cells.” Oncotarget vol. 9,24 17066-17077. 30
Mar. 2018, doi:10.18632/oncotarget.24899.

89
Real-time endosome imaging to probe RNA escape events
Daniël van Leeuwena, Emelie Vilhemsson Weséna, Nima Aliakbarinodehib, Frode M.
Skjeldalc, Oddmund Bakkec, Fredrik Höökb, Elin K. Esbjörnera
a

Department of Biology and Biological Engineering, Division of Chemical Biology,
Chalmers University of Technology, Kemivägen 10, 412 58 Gothenborg, Sweden
b
Department of Physics, Division of Nano and Biophysics, Chalmers University of
Technology, Fysikgränd 3, 411 33 Gothenborg, Sweden
c
Norwegian Molecular Imaging Consortium, Institute of Biosciences, University of
Oslo, Blindernveien 31, 0371 Oslo, Norway
Email: leeuwen@chalmers.se

RNA-based therapeutics are gaining momentum in several therapeutic areas,
most prominently exemplified by the recent approval of the mRNA vaccines
against COVID-19 [1]. The low cellular delivery efficiency of these high
molecular weight and negatively charged cargoes remains, however, a major
challenge [2]. The aim of this project is to develop new labelling schemes and
live cell imaging assays to study endosomal escape – a key bottleneck in RNA
delivery through lipid nanoparticles (LNPs). To this end, we have already
established a confocal imaging-based screening method to detect endosome
rupture in live cells based on Galectin recruitment [3]. There are three additional
challenges in taking endosomal escape imaging forward: (1) the small size of
endosomes, (2) the significant motility of endosomes and (3) the intensity
contrast between endosome-entrapped RNA and the RNA fraction that is released
into the cytosol. First, to facilitate endosome imaging, we utilized cell lines with
enlarged early endosomes; size ~2-4 μm. This enabled direct visualisation of
endosomes with good discrimination between the limiting membrane and the
endosome lumen. Secondly, we confirmed feasbility of single endosome imaging
by super-resolution microscopy imaging of a Rab5 labelled epithelial cell culture
model. Finally, we also explored the applicability of LNPs with a FRET-pair
cargo to monitor RNA escape. Interestingly, we demonstrated in live cells and in
vitro (endosomal model membrane) that FRET LNPs cannot only be utilized to
measure endosomal escape events but also to quantify general LNP degradation.
Altogether, we have developed new tools to visualize LNPs inside of early
endosomes. Dissecting endosomal escape events in detail contributes new
understanding of this phenomenon that is crucial for RNA delivery.
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Allergic diseases are the most common chronic disease among children in highincome countries like Sweden. The risk of developing allergies is settled during
the first years of life. Allergies cannot be cured, and we don't have preventive
strategies to decrease the development of the disease. However, we know that
certain lifestyle factors can influence the risk of developing allergy; one of these
factors is the diet. Our research group has, in several publications, shown that the
maternal diet during pregnancy and lactation can influence the risk of children
developing allergies later in life. We have for example examined if maternal fish
intake during pregnancy and lactation influence allergy development in children.
We have used two different birth cohorts, FARMFLORA, and NICE, to study the
association between maternal fish intake and child allergy. Maternal diet was
measured with food frequency questionnaires. Biomarkers of fish intake, longchain polyunsaturated fatty acids, e.g., eicosapentaenoic acid (EPA), were
measured in maternal and infant blood samples taken during birth and lactation.
Multivariate statistics, e.g., partial least square (PLS) models, were used to assess
the association between diet, biomarkers, and disease risk. In the FARMFLORA
cohort, we found that children who were allergic at three years of age had lower
proportions of EPA in their blood at birth and four months of age. The infants'
serum EPA proportions correlated with maternal fish intake during pregnancy
and lactation (1, 2). In the NICE cohort, we similarly found that children who
were allergic at one year of age had lower proportions of EPA in their blood at
birth. Proportions of EPA correlated to maternal fish intake during pregnancy (3).
In conclusion, our results suggest that maternal fish intake during pregnancy is
associated with a lower prevalence of allergies in children.
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Umbilical cord blood is frequently used in health monitoring of the neonate.
Results may be affected by the proportion of arterial and venous cord blood, the
venous blood coming from the mother to supply oxygen and nutrients to the
infant, and the arterial carrying waste products from the fetus. Here, we sampled
arterial and venous umbilical cords separately from 48 newly delivered infants
and examined plasma metabolomes using GC-MS/MS metabolomics. We
investigated differences in metabolomes between arterial and venous blood and
their associations with gestational length, birth weight, sex, and whether the baby
was the first born or not, as well as maternal age and BMI. Using multilevel
random forest analysis, a classification rate of 79% was achieved for
arteriovenous differences (p = 0.004). Several monosaccharides had higher
concentrations in the arterial cord plasma while amino acids were higher in
venous plasma, suggesting that the main differences in the measured arterial and
venous plasma metabolomes are related to amino acid and energy metabolism.
Venous cord plasma metabolites related to energy metabolism were positively
associated with parity (77% classification rate, p = 0.004) while arterial cord
plasma metabolites were not. This underlines the importance of defining cord
blood type for metabolomic studies
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Phenolics are secondary metabolites of plants with various health benefits but it
is not certain that they can reach their target in the human body after consumption.
The study of the food structures can be useful for the development of carrier food
matrices with targeted delivery properties that can improve aspects of phenolics
bioaccessibility. To begin with, a variety of soy protein gels (known as pressed
and unpressed tofu) with different physical characteristics were developed. Next,
the properties of these gels were assessed when they were formed using two
different mechanisms - acidification with glucono δ-lactone (GDL) or
coagulation with magnesium sulphate (MgSO4).
Results showed that the gels formed with GDL (both pressed and unpressed) were
firmer and denser in microstructure than MgSO4 gels, which resulted in a
reduction in the extent of proteolysis. It was found that although the coagulation
mechanism did not affect the total release of the phenolic acids on a percentage
basis, GDL-induced pressed gels delivered a larger concentration of bioactives in
the intestinal phase because they could retain more of the phenolics after pressing.
It was hypothesised that at acidic pH the formation of complexes between
phenolics and soy proteins is favoured which promotes their retention after
pressing. Overall, it was found that the release of the bioactives was rapid in the
unpressed gels and more gradual with a higher final concentration in the pressed
gels, which can be attributed to the dense protein network of the pressed gels. In
terms of the soy protein itself, it was found that the extent of protein hydrolysis
and the amino acid bioaccessibility were higher in the unpressed/soft gels than in
pressed / firm gels. These results pave the way for the formulation of soy products
that can modulate not only the bioaccessibility of phenolics (pressed gels), but
also gives insights into the best type of format or product to promote amino acid
release during digestion (unpressed gels).
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Background: Meat analogues based on plant protein extracts are rising in
popularity as meat consumption declines. A dietary shift away from meat, which
has a high iron bioavailability, may have a negative effect on the amount of iron
absorbed from the diet. Iron absorption from legumes cultivated in regions not
suitable for soy production, such as fava bean, has not yet been explored.
Objective: The aim of this study was to evaluate non-heme iron absorption from
a meal with texturized fava bean protein compared to cod- and meat protein
meals.
Methods: The study included two cross-over single-blinded iron isotope trials in
apparent healthy Swedish women of the ages 18-45 years, each participant
serving as their own control. Participants were served matched test meals
containing meat- and fava bean protein (Study 1), or fish- and fava bean protein
(Study 2) with radiolabeled non heme iron Fe55 and Fe59. Absorption of non heme
iron from test meals was measured by whole body counting and erythrocyte
incorporation by liquid scintillation.
Results: Absorption of non heme iron, measured as erythrocyte incorporation
ratio, from beef protein meal was 4.7 times higher compared to texturized fava
bean meal and the absorption from cod protein meal was 3.0 times higher
compared to the fava bean meal. The adjusted non-heme iron absorption,
normalized to a 40% reference dose uptake, was 10.0% for cod protein meal
(9.8% unadjusted), 21.4% for beef protein meal (15.4% unadjusted) and 5.1%
from texturized fava bean meal (combined data from Study 1 and Study 2.
Unadjusted 4.3%).
Conclusions: A fava bean protein meal has a markedly lower iron bioavailability
in healthy females compared to a meal with beef or cod protein, A dietary shift
from meat and fish protein to fava bean protein therefor may increase the risk of
iron deficiency.
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Background and objectives: Biomarkers of different meat intakes,
complemented with self-reported intake, could clarify their yet inconsistent
associations with incident type 2 diabetes (T2D). We aim to discover potential
plasma metabolite biomarkers for intake of various meat food groups, and to
investigate their associations with the risk of developing T2D.
Methods: Self-reported meat intake, covariates, and fasting plasma samples were
from a case-control study nested within the prospective Västerbotten Intervention
Program (VIP), including 403 randomly selected participants who developed
T2D (median 7 years to diagnosis) and matching controls. We used random forest
on untargeted LCMS metabolomics data (24758 features) to discover biomarker
candidates to reflect the intakes of total-, processed-, and unprocessed meat, as
well as poultry.
Results: Features associated with total- (n=18), processed- (n=67), unprocessed
meat (n=29), and poultry (n=53) were identified. Processed meat intake was
associated with octenoylcarnitine (r = 0.32, FDR = 1.28 x 10-8),
decatrienoylcarnitine (r = 0.24, FDR = 3.40 x 10-5), and inversely with
methylproline (r = -0,18, FDR = 0.002). Poultry intake was associated with
hydroxyvaleric acid (r = 0.16, FDR = 5.70 x 10-3) and inversely with LPC(17:1)
(r = -0.20, FDR = 1.93 x 10-3) and PC(15:0/18:2) (r = 0.18, FDR = 4.09 x 10-3).
Interestingly, they were also associated with T2D risk. Octenoylcarnitine (OR
1.41, 95% CI 1.21-1.65, FDR = 1.05 x 10-4), decatrienoylcarnitine (OR 1.37,
95% CI 1.17-1.61, FDR = 4.86 x 10-4), and hydroxyvaleric acid (OR 1.60, 95%
CI 1.34-1.92, FDR = 3.45 x 10-6) were associated with higher T2D risk, whereas
methylproline (OR 0.77, 95% CI 0.66-0.90, FDR = 4.21 x 10-3), LPC(17:1) (OR
0.71, 95% CI 0.61-0.83, FDR = 1.47 x 10-4), and PC(15:0/18:2) (OR 0.73, 95%
CI 0.62-0.85, FDR = 4.86 x 10-4) with lower risk. These associations disappeared
after adjustments, except for hydroxyvaleric acid (OR 1.47, 95% CI 1.19-1.82,
FDR = 0.015).
Conclusion: We discovered several biomarker candidates of meat intake which
were also associated with T2D risk.
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Background: Irritable bowel syndrome (IBS) is a chronic common functional
bowel disorder1. Irritable bowel syndrome (IBS) symptoms have been associated
with diets rich in fermentable oligo-, di-, monosaccharides and polyols
(FODMAPs) and gluten. Previous studies have mostly been single-blind and
mainly focused on eliminating FODMAPs from the diet2. The aim of this study
was to provide high intakes of a wide range of FODMAPs, gluten or nonfermentable placebo in a double-blind manner and evaluate the effects on IBS
symptoms.
Methods: A double-blind, placebo-controlled, randomised three-way crossover
design (n=110) was applied in a study conducted in 2018-2019. From run-in and
throughout the study, IBS subjects maintained a low-impact diet with minimal
FODMAP content and no gluten. Participants were block-randomised to oneweek interventions with FODMAPs (50 g/day), gluten (17·3 g/day) or placebo,
separated by one week of wash-out. Primary outcome was the IBS severity
scoring system (IBS-SSS), assessed after each week of the trial. All participants
that finished the trial were included in the data analysis.
Results: In total 103 subjects finished the trial. In subjects with moderate to
severe IBS, FODMAPs caused higher total IBS-SSS (mean [SE] = 240 [9]) than
placebo (208 [9]; p=0·00056) or gluten (198 [9]; p=0·013), but with no difference
between gluten and placebo (p=1·0). There were large inter-individual
differences in IBS-SSS response to treatment.
Conclusion: In subjects with IBS, FODMAPs have a modestly increasing effect
on typical IBS symptoms, whereas gluten has no obvious effect. Further doubleblind studies are needed to verify these findings and estimate the efficacy of
FODMAP and gluten elimination diets. The large inter-individual differences in
responses to the interventions warrant further detailed studies to identify possible
underlying causes and enable individual prediction of responses.
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Background and aim: Fermentation is one of the oldest food processing methods.
It is used to preserve foods, increase bioavailability of key nutrients and produce
flavour. Recently, fermented foods have become increasingly popular and
reached new consumer groups due to perceived health benefits. Characterization
of microbes present in fermented foods is critical to improve the understanding
of functionality of the foods, including potential health effects. Yet, the bacterial
community of many fermented foods remains unknown. Here, we aimed to
characterize and compare the bacterial composition, diversity and richness of
fermented foods available in Swedish or prepared in home environments.
Methods: We selected 49 fermented foods belonging to 8 different fermented
food categories i.e., milk kefir, water kefir, yogurt, plant-based “yogurt”,
sauerkraut, kimchi, other fermented vegetables and kombucha. The bacterial
microbiota was analysed using 16S rRNA gene amplification and sequencing.
Statistical analysis of the amplicon sequence variants (ASV) was performed in
the R environment to investigate the bacterial community in each food as well as
similarities and differences within and across food categories.
Results and discussion: The bacterial microbiota of 47 out of the 49 fermented
foods were included in the analysis after excluding two products with
unsuccessful DNA isolation and poor data quality, respectively. A total of 2497
ASVs were included in the statistical analysis. Preliminary analysis showed that
alfa-diversity and richness were significantly different across fermented food
groups and that the bacterial composition of fermented foods was strongly linked
to food group. This study will provide information on the bacterial community in
a broad group of fermented foods in Sweden and may in extension contribute to
the understanding of the role of microbiota in specific product traits and potential
effects on human health.
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Some food products such as those originated from aquatic resources are the
predominant route of human exposure to some very toxic pollutants. Actions
taken to protect the public from exposure to these toxicants through food have
not been effective or deprives consumers from some valuable food resources and
their healthy components. As a novel action to reduce human exposure to the
pollutants via food, we aim to design, synthesize and develop a new active
packaging technology enabling selective removal of the most dangerous toxicants
from seafoods. At the initial stage of the project, coating materials with high
affinity towards both inorganic and organic pollutants have been developed. The
coatings have shown a relatively high efficiency of up to 60% and 30% removal
for inorganic and organic pollutants, respectively, from their single component
solutions. Next steps of the experimental work have brought the positive results
in relation to using the active coatings in water solution of the pollutants enriched
with substances responsible for their binding in the fish muscles - up to 40% of
inorganic toxicants have been successfully removed.

Figure. The general idea of active food packaging for removal of toxicant represented in fish canning
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Allergy is one of the most common chronic diseases in childhood, affecting up to
30% of children in industrialized countries. While the etiology of allergies is not
yet completely understood, it appears to reflect complex interactions of genetic
and various environmental and lifestyle factors. Maternal diet during pregnancy
and lactation have been discussed as potential lifestyle factors that can modify
the risk of allergy in the offspring.
The aim was to assess and compare the dietary intake of pregnant and lactating
women, validate it with biomarkers, and to relate these data to physiciandiagnosed allergy in the offspring at 12 months of age.
Maternal diet during pregnancy and lactation was assessed by repeated semiquantitative food frequency questionnaires in a prospective Swedish birth
cohort (n = 508). Fatty acid proportions were measured in maternal breast milk
and erythrocytes. Allergy was diagnosed at 12 months of age by a pediatrician
specialized in allergy.
An increased maternal intake of cow’s milk during lactation, confirmed with
biomarkers (fatty acids C15:0 and C17:0) in the maternal blood and breast milk,
was associated with a lower prevalence of physician-diagnosed food allergy by
12 months of age. Intake of fruit and berries during lactation was associated
with a higher prevalence of atopic eczema at 12 months of age. Our results
suggest that maternal diet modulates the infant’s immune system, thereby
influencing subsequent allergy development.
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Pea is widely considered as a sustainable, highly acceptable for distinctive diets
and non-allergic plant-based protein source with a great contribution potential to
sustainable food system for human nutrition in the near future. Comprehensive
investigations beginning from cultivation/agricultural steps towards further
processing target to obtain and utilize highly qualified proteins in terms of yield,
techno-functionality and sensorial quality. Furthermore, a wholistic biorefinery
approach, rather than exclusively focusing on protein acquisition will increase
economic revenue of the industry and improve its competitiveness and
sustainability. As part of 100%PEA project, six different local (Swedish) pea
varieties have been compared in terms of basic pre-treatment steps and protein
isolation efficiencies as well as protein functionality to nominate the best varieties
for industrial application. Optimum dehulling efficiency with minimum
cotyledon loss followed by optimum grinding and protein isolation parameters
without compromising the starch granules physical integrity have been in focus
to result in both good protein yield but also starch and fiber fractions which will
be presented.

100
Stabilisation of Ulva sp. biomass and its effects on nutritional
properties, microstructure, tensile strength and the development of
volatile compounds.
Mar Vall-llosera Juanolaa , Sophie Steingahenb, Henrik Paviab, Ingrid Undelanda
a

Biology and Biological Engineering -Food and Nutriton Science, Chalmers
University of Technology, Gothenburg, Sweden, b Department of Marine
Sciences/Tjärnö Marine Laboratory, University of Gothenburg, Sweden
Email: marv@chalmers.se

Seaweed is highly interesting as a future food source based on its bioremediating
and carbon sequestering potential, as well as the fact that it does not compete for
arable land1. However, it is very perishable after harvest due to its high moisture
content and sensitive compounds, making its use in the food industry
challenging2. Efficient methods to preserve the quality of seaweed will facilitate
its usage as a sustainable food ingredient2,3. Green seaweed, specially Ulva sp.
(sea lettuce), has become of interest to the aquaculture industry for its high
tolerance to cold waters1. The aim of this PhD-project is to develop tailor-made
methods for stabilising Ulva sp. and determine how these methods affect the
suitability of Ulva sp. as a food ingredient in terms of its nutritional properties,
microstructure, water and oil holding capacity and volatile profile.
As a first step, brining and freezing (-20°C) of freshly harvested Ulva sp will be
studied. Prior to stabilisation, the biomass will be subjected to analyses of protein
content, colour, tensile strength, pH, salinity, and microbial load. For brining,
Ulva sp. biomass will then be placed in sealed containers at different brine to
seaweed ratios, from 7:1 to 10:1. The brines will be prepared with salts
concentrations varying from 2-50 Brix°. The water activity, the protein content,
colour, microbiological load, tensile strength and volatile compound profile of
the seaweed, as well as the Brix° of the brine solution, will be monitored over 2
months or until spoilage of the product. The frozen storage trial will proceed over
1 year with similar analyses of the biomass, except microbiological load.
Generally, we expect lower degradation on texture from brining than freezing,
but this remains to be shown.
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Lipid oxidation can be a problem when recovering functional proteins from
herring filleting co-products using the pH-shift method. Motivated by the wish
for clean label and sustainable development within the food industry, we have
earlier shown good oxidation-inhibiting potential when adding 30% (dw/dw) of
seven antioxidant-containing agricultural/shellfish side-streams and seaweeds,
both during processing and during subsequent ice storage of protein ingredients.
Lingonberry press-cake has been recognized as the most promising. However, at
30% addition, it dramatically changed the color and texture of protein ingredients.
Here, we investigated how reducing the lingonberry press-cake addition from
30% to 2.5% affected the appearance and lipid-oxidative stability of the protein
ingredients.
Aligned with our hypothesis, lower lingonberry addition lightened the color of
protein ingredients. The freshly produced protein ingredients had significantly
lower levels of volatile aldehydes including hexenal, heptanal and octanal,
compared to the control. Levels down to 10% could also prevent the formation of
above-mentioned volatile aldehydes during 8 days of ice storage. In conclusion,
cross-processing herring filleting co-products with 10% lingonberry press-cake
(dw/dw) was recognized as the most promising approach to create stable herring
protein ingredients and will be subjected to further studies e.g., in vitro
digestibility and 3D-printing.
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For a drug to be effective it needs to reach its target. Many targets are on the
exterior of the cell and for that reason is it valuable to measure drug exposure at
tissue or cell level. As researchers look for more targets they are forced to look
inside of the cell where estimating drug exposure is a bit like evaluating the
contents of a cellular black box. The Chemical Imaging Infrastructure can open
that black box to show researchers how the drugs behave in the subcellular
environment, where they end up and at what concentration.
The CII has applied our quantitative method to the sequestration of drugs by 3
different mechanisms: 1 Transport mediated uptake, 2 Endocytosis, and 3 Ion
trapping. Allowing the ability to find concentrations which are inaccessible by
standard measurements.
Briefly, a Target cell is treated with the labelled compound of interest. Many
small molecules have isotopically labelled tool compounds available while
halogenated amino acids and nucleobases are easily incorporated into most
sequences. Sample prep is done with traditional TEM techniques. This can be
done at your TEM facility of choice, or we can facilitate the work to be done at
the Centre for cellular imaging located in Gothenburg. We generate the standard
based on the label you choose and generate a calibration curve. We then use the
calibration to report the absolute concentration of the drug of interest in the sub
cellular space.
The Chemical Imaging Infrastructure at Chalmers University of Technology &
University of Gothenburg offers determination of subcellular drug concentration
as a contract research service to researchers and companies across the globe. We
offer service and support for any project. We can advise concerning labelling
strategies for your compound and have standards available for many atomic
labelling strategies. The total workflow can be carried out in less than 4 weeks
from experiment to data report delivery, provided that labelled compounds and
appropriate standards are available.
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The Chalmers Mass Spectrometry Infrastructure (CMSI) is a Chalmers
infrastructure with the mission to maintain and develop an open analytical
platform to provide researchers at Chalmers and beyond access to high quality
mass spectrometry-based analyses. CMSI has a wide range of mass spectrometers
coupled to either high performance liquid chromatographs (HPLC) or gas
chromatographs (GC), as well as several HPLC and GC instruments for routine
analyses. These instruments are set up to measure different biological molecules,
such as fatty acids, amino acids and organic acids, as well as biomarkers of food
intake and metabolomics. Our experienced team can develop new methods as
required for specific analysis and we also provide support experienced
researchers that want to develop or modify their own analytical methods on our
instruments.
As a part of the Swedish National Infrastructure for Biological Mass
Spectrometry (BioMS) and the Scilifelab Metabolomics platform, CMSI brings
available metabolomics and lipidomics to researchers in Sweden. Our focus in
metabolomics has been on developing, maintaining and providing a highthroughput metabolomics platform able to address requests from large-scale
cohort and population-based studies, typically including 1000´s of samples. In
2022, our focus is on updating the services with new-generation of instruments
that will further add on to the specificity and sensitivity of the analysis, and also
work towards increasing throughput of the analyses to meet the demands of highthroughput science.
In addition to providing analytical services, CMSI has both educational and
research functions. We provide introductions into how to run our analytical
instruments, and we also participate in running courses that are focusing on
analytical chemistry and metabolomics to spread the joy and satisfaction that
analytical chemistry brings to researchers.
Curious to find out more? Visit our website (www.chalmers.se/cmsi) or get in
touch by e-mail (cmsi@chalmers.se)
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Our new Rigaku Synergy R single crystal diffractometer1 has now been running
at Chalmers Materials Analysis Laboratory since the beginning of the year, it is
the most powerful instrument in the country and can handle all sorts of chemical
problems where crystals are involved.
We have already been running samples from many groups demonstrating the
diversity of the instrument. Alloys, organic crystals, perovskites of different
kinds, coordination compounds, supramolecular assemblies and metal-organic
frameworks. The oddest sample so far has been a crystal pulled directly from a
leather artefact found onboard the 1628 Vasa warship.
The machine can also run in powder diffraction mode suitable for small sample
sizes (due to the more intense rotating anode source) and easy variable
temperature measurements. The powder diffraction mode and variable
temperature operation does not require any changes in hardware or
configuration.
The diffractometer is available for booking. For demonstrations and
introductions please contact Lars Öhrström ohrstrom@chalmers.se or Francoise
Noa mystere@chalmers.se. We will run samples for you and help you get
started with the instrument if you want to run it yourself. You will need the Xray safety introduction by Michal Strach michal.strach@chalmers.se to get
access yourself and it is strongly advised to register
at https://www.rigakuxrayforum.com/ and go through the latest Rigaku school
of crystallography.

Figure 1. A Metal-Organic Framework 2 structure determined on CMALs new Rigaku Synergy R
single crystal diffractometer. Yellow spheres represent empty space.

1

Enabled by a grant to LÖ and FMAN from Olle Engkvists stiftelse and an additional CMAL
investment.
2
Lars Öhrström and Francoise M. Amombo Noa, Metal-Organic Frameworks, ACS 2021
https://pubs.acs.org/doi/book/10.1021/acs.infocus.7e4004

