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FÖRORD
Detta häfte innehåller sammanfattningar av de posters som visas vid 2018 års Science and
Technology Day på institutionerna för Kemi och kemiteknik samt Biologi och bioteknik vid
Chalmers tekniska högskola, och Kemi och molekylärbiologi vid Göteborgs Universitet.
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 Chalmers, från onsdagen den 18
april till och med fredagen den 20 april. Kl. 14-16 på torsdagen den 19 april 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 vid en liten ceremoni i samband
med vårfesten senare under dagen den 19 april.
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 och
GU. 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, april 2018
Carl Johan Wallentin, Lilian de Martín och Aleksej Zelezniak
Leif Åhman, Prefekt
Stefan Hohmann, Prefekt
Göran Hilmersson, Prefekt

FOREWORD
This booklet contains abstracts of the posters that will be presented during the 2018 Science
and Technology Day at the departments of Chemistry and Chemical Engineering as well as
Biology and Biological Engineering at Chalmers University of Technology and Chemistry and
Molecular Biology at the University of Gothenburg.
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 centres. 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, Chalmers,
from Wednesday, April 18th until Friday, April 20th, 2018. Between 14.00 and 16.00 on
Thursday April 19th the participants will present their posters and will be available for
discussions of their work. Posters with uneven 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 during a ceremony,
which takes place in the evening during spring party on April 19th.
The Science and Technology Day provides a great opportunity for strengthening the
research community at Chalmers and GU within chemistry, chemical engineering and
biotechnology. We are convinced that this year’s poster exhibition will provide an 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, April 2018
Carl Johan Wallentin, Lilian de Martín and Aleksej Zelezniak
Leif Åhman, Head of Department
Stefan Hohmann, Head of Department
Göran Hilmersson, Head of Department

Table of Contents
Categories – clickable links
Molecular Biology
Health, Nutrition and Food Science
Chemical Systems: Modeling and Synthesis
Materials
Energy and Environment
Process and Production
Nanoscience and Nanotechnology
Biotechnology & Systems Biology
Infrastructure

Posters
Quantitative mapping of triacylglycerol chain length and saturation in situ using hyperspectral CARS
microscopy ............................................................................................................................................................. 1
Alexandra Paula,b, Cecilia Brännmarkc, Mischa Bonnb, Pernilla Wittung-Stafshedea, Sapun H. Parekhb
Interaction of the copper chaperone Atox1 with α-synuclein............................................................................ 2
Horvath, Istvan, Werner, Tony, Wittung-Stafshede, Pernilla
Bacterial host factors promote horizontal transmission of antibiotic resistance plasmids ............................. 3
Fabrice E. Grafa, b, Hanna Alalama, b, Linnéa Perssona, Per Sunnerhagena, b, Jonas Warringera, b and Anne
Farewella, b
CRISPR-mediated genome editing of TDP-43 in SHSY5Y cells to model ALS .............................................. 4
Emanuele Celauro and Elin Esbjörner
Subtelomeric gene presence polymorphisms disproportionately contributes to yeast trait variation ........... 5
Karl Perssona, Simon Stenbergb, Emelie Aspholma, Matthieu Leduc-Darrasa, Francisco Salinasc, Gianni Litid,
Jonas Warringera
Quantifying DNA damage induced in cells by ionizing radiation: towards personalized chemotherapy ..... 6
Vandana Singha, Pegah Johanssonb, Ola Hammarstenb and Fredrik Westerlunda
The role of lipid chemistry in alpha-synuclein membrane binding and aggregation ...................................... 7
Sandra Rocha, Pernilla Wittung-Stafshede
Divided functions – Copper Chaperone Atox1 also involved in the cell cycle? ............................................... 8
Maria Matson Dzebo and Pernilla Wittung-Stafshede
Probing the role of copper chaperone Atox1 in breast cancer cell migration.................................................. 9
Stéphanie Blockhuys, and Pernilla Wittung-Stafshede
A ToF-SIMS study of lipid changes in E. coli mutants with impaired plasmid transfer capability ............ 10
Kelly Dimovska Nilssona, Martin Palma,b, Anne Farewella,b and John S. Fletchera
Evaluation of antioxidant capacity/activity and anthocyanin composition of processed organic berries ... 11

i

Gabriel Oliveiraa, Urszula Tylewiczb, Marco Dalla Rosab, Thomas Andlida and Marie Almingera
Silage: An environment friendly alternative to reintroduce fish processing by-products into the food chain
.............................................................................................................................................................................. 12
Mursalin Sajiba, Eva Albersb, Marcus Langelandc and Ingrid Undelanda
Multiple-product fish biorefinery: sequential extraction of gel-forming proteins, collagen and collagen
hydrolysate........................................................................................................................................................... 13
Mehdi Abdollahi, Ingrid Undeland
Abundant fish protein inhibits ɑ-synuclein amyloid formation ...................................................................... 14
Werner, Tonya, Kumar, Ranjeeta,Horvath, Istvana,Scheers, Nathalieb, Wittung-Stafshede, Pernillaa
Ascorbyl palmitate and ZnCl2 for developing celiac-safe gluten products.................................................... 15
Niklas Engströma, Patricia Saenz-Méndezb,c, Johan Scheersd and Nathalie Scheersa
Nutritional impact on Immunological maturation during Childhood in relation to the Environment
(NICE)”, a prospective birth-cohort in northern Sweden ............................................................................... 16
Malin Barman, Karin Larsson, Alastair Ross and Ann-Sofie Sandberg
Introduction of solid food to the weaning child and influence on allergic diseases at twelve months of age
.............................................................................................................................................................................. 17
Mia Anderssona, Malin Barmanb and Ann-Sofie Sandbergb
Metabolome differences between mothers, fathers and their newborn children .......................................... 18
Olle Hartvigsson, Alastair Ross, Malin Barman, Ann-Sofie Sandberg
Chemical imaging of aggressive basal cell carcinoma using ToF-SIMS ........................................................ 19
Marwa Munema, Kelly Dimovska Nilssona, Oscar Zaarb, Noora Neittaanmäkib,c, John Paolib , John S. Fletchera
The pathway towards cellulose reinforced nanocomposites ............................................................................ 20
Anna Peterson, Christian Muller
New foamed materials from hemicelluloses ...................................................................................................... 21
Linda Härdelina,b, Anna Ströma,b and Anette Larssona,b
Crystal growth mechanism of apatite in bio-mimetic nanocomposites .......................................................... 22
Antiope Lotsari, Anand K. Rajasekharan and Martin Andersson
In-situ micro-Raman measurements through a fuel cell operating with ionic liquids as the charge carrier
.............................................................................................................................................................................. 23
Olesia Danyliv, Anna Martinelli
Development of moisturizer component based onnano-cellulose for 3D-wound dressing ............................ 24
Cristian Ghibaudoa, Erdem Karabuluta,b and Paul Gatenholma,b
Electron paramagnetic resonance spectroscopy analysis of iron-chelating ordered mesoporous carbons for
oxygen reduction fuel cell catalysts.................................................................................................................... 25
Caroline Janson and Anders Palmqvist
Dream reaction come true? drect conversion of methane to methanol over Cu-zeolite ............................... 26
Xueting Wang, Adam Arvidsson, Anders Hellman, Magnus Skoglundh, Per-Anders Carlsson
A neutron scattering and diffraction study of hydrogen containing ReO3 showing a hydrogen dependent
negative thermal expansion ................................................................................................................................ 27
Carin Eklöf-Österberga, Paul Henryb, Madhusudan Tyagic, Tomas Hansend, and Maths Karlssona
Role of K and Ca for catalytic activation of bed material during biomass gasification ................................ 28
Robin Fausta, Jelena Maricb, Teresa Berdugo Vilchesb, Britt-Marie Steenaria, Martin Seemannb and Pavleta
Knutssona*
Angle dependent lifetime measurements of strong coupled molecules in an optical cavity .......................... 29
Jürgen Mony and Karl Börjesson

ii

Design of 3D printed, nanocellulose based absorbing component for application in wound dressing ONSKIN ............................................................................................................................................................... 30
Mickis Gullstranda, Erdem Karabuluta,b and Paul Gatenholma,b
Different conduction mechanisms in polymeric membranes based on PEO and PVDF-HFP containing
ionic liquids .......................................................................................................................................................... 31
Khalid Elamina,b, Mansoureh Shojaatalhosseinib, Anna Martinellia and Jan Swensonb
Developing bio-based bisphenol A replacements ............................................................................................. 32
Andreas Ekebergh, Namratha Prabhu, Tahjna Robertson and Nina Kann
Perylene based liquid chromophore .................................................................................................................. 33
Khushbu Kushwahaa, Kati Straniusa, Liyang Yub, Sandeep Kumar Singhc, Muhammad Naeem Iqbald, Eric
Johnstond, Paul Erhartc, Christian Müllerb and Karl Börjessona
Creating new materials from wood ................................................................................................................... 34
Karin Sahlina,c, Mikaela Börjessona, Lilian Forsgrenb, Tobias Mobergb, Mikael Rigdahlb and Gunnar Westmana,c
Melt extruded vs solvent casted films for individualized dosing ..................................................................... 35
Rydvikha Govendera,b, Sara Fennvikb, Staffan Folestada, Susanna Abrahmsén-Alamia and Anette Larssonb
Classical Wigner model based on a Feynman path integral open polymer ................................................... 36
S. Karl-Mikael Svensson, Jens Aage Poulsen and Gunnar Nyman
Development of release-and-report Kinase inhibitors as molecular tools for investigating
neurodegenerative disorders .............................................................................................................................. 37
Cassandra Fleminga,b, Morten Grøtlib and Joakim Andréassona
Synthesis of novel functionalized graphene derivatives ................................................................................... 38
Steffen Brüllsa, Severin Schindlera and Siegfried Eiglerb
Synthesis and photopysical characterization of azoheteroarenes ................................................................... 39
Yongjin Xua, Joakim Andréassonb and Morten Grøtlia
Implementing an open aperture z-scan for the measuring of the two photon absorption cross section of
curcumin .............................................................................................................................................................. 40
Rasmus Björk
Covalent organic framework films on surfaces ................................................................................................ 41
Martin Ratsch and Karl Börjesson
Triplet to singlet energy transfer in composite molecules ............................................................................... 42
Alexei Cravcencoa, Manuel Hertzoga and Karl Börjessona
Mysterious formation of diatomic molecules in space: Radiative association of CH .................................... 43
Daria Burdakovaa, Magnus Gustafssonb, and Gunnar Nymana
Enzyme and iron-based tools for the valorization of biomass building blocks. ............................................. 44
Andrew Paterson, Petter Dunås and Nina Kann
Guided and innate C-H functionalization using light and hypervalent iodine compounds .......................... 45
Alica Ondrejková, Peter Fodran, Carl-Johan Wallentin
A nanofluidic system for single nanoparticle catalysis .................................................................................... 46
Sune Levina, Joachim Fritzscheb, Bhausaheb Dhokalec, Sara Nilssonb, Henrik Sundénc, Christoph Langhammerb,
and Fredrik Westerlunda
Continuous microfluidic synthesis of Pd nanocubes and Pd@Pt core-shell nanoparticles .......................... 47
Anna Pekkaria, Hanna Härelinda, Victor Sebastianb, and Kasper Moth-Poulsena
Strong light–matter interaction enhancement through molecular dipole alignment .................................... 48
Manuel Hertzoga, Per Rudquistb, James A. Hutchisonc, Jino Georgec, Thomas W. Ebbesenc and Karl Börjessona

iii

Calcium ions reshape lipid membranes ............................................................................................................ 49
Baharan Ali Doostia, Weria Pezeshkianb, Dennis S. Bruhnb, Vladimir Kirejeva, John H. Ipsenb, Himanshu
Khandeliab, Gavin D.M. Jeffriesa, and Tatsiana Lobovkinaa
Singlet fission: modifying the sunlight to match the bandgap of solar cells................................................... 50
Fredrik Edhborga, Betül Küçüköza, Rik R. Tykwinskib and Bo Albinssona
Sample preparation for protein analysis with atom probe tomography ........................................................ 51
Astrid Pihl, Mats Hulander, Gustav Sundell and Martin Andersson
Lipid-nanoparticle formulations for mRNA delivery: A focus on cellular uptake and trafficking ............. 52
Audrey Galluda, Olga Masmanidoua, Marianna Yanez Artetab, Lennart Lindforsb and Elin K. Esbjörnera
A quantitative electron microscopy study of the bending of solution grown gold nanorods ........................ 53
Xin Wena, Kasper Moth-Poulsenb, Eva Olssona
Conduction band mediated electron transfer in dye/TiO2/catalyst-assemblies ............................................. 54
Elin Sundin, Valeria Saavedra and Maria Abrahamsson
A photocontrolled RGB emitting system .......................................................................................................... 55
G. Naren, S. M. Li and J. Andréasson
A nanofluidic device for real-time visualization of DNA-protein interactions on the single DNA molecule
level ....................................................................................................................................................................... 56
Robin Öz, Sriram KK and Fredrik Westerlund
Spectroscopic studies on di-ruthenium(II) complex with bridging tatpp ligand, as DNA-threading
intercalator .......................................................................................................................................................... 57
Kübra Ucar and Per Lincoln
Development of 3D neural brain network with conductive nanocellulose-based ink.................................... 58
Matteo Bordonia,b,c,d, Erdem Karabulutc,d, Volodymyr Kuzmenkod,e, Cristina Ceredab, Paul Gatenholmc,d
Chemically modified cell instructive bioinks for 3D Bioprinted skin and cartilage models ......................... 59
Erdem Karabuluta,b, Alma Forsmanc, Stina Simonssonc, Linnea Stridh Orrhulta and Paul Gatenholma,b
Bright adenine analogue FRET donors for detailed DNA conformational studies ....................................... 60
Sangamesh Sarangamath,a Anders F. Füchtbauer,a Mattias Bood,b Moa S. Wranne,a Afaf H. El-Sagheer,c,d Tom
Brown, c Henrik Gradén,b Morten Grøtli,d and L. Marcus Wilhelmssona
Binary Antibiotics – An Inside Job.................................................................................................................... 61
Anna Mårtensson, August Runemark, Henrik Sundén, Maria Abrahamsson and Per Lincoln
Substituted perylene for highly efficient triplet-triplet annihilation by suppressing aggregation related
energy loss ............................................................................................................................................................ 62
Chen Yea, Khushbu Khushwahaa, Victor Grayb, Jerker Mårtenssonb, Bo Albinssonb and Karl Börjessona
Alternative biomasses for biofuels ..................................................................................................................... 63
Joakim Olssona, Gunilla Tothb, Eva Albersa
Novel organic materials for aqueous flow batteries ......................................................................................... 64
Cedrik Wiberg and Ergang Wang
Proton conducting protic ionic liquids .............................................................................................................. 65
Iqbaal Abdurrokhman, and Anna Martinelli
High-throughput phenomics for identifying synergistic chemical interactions and understanding the
mechanistic basis of the mixture toxicity .......................................................................................................... 66
Vaskar Mukherjeea, Thomas Backhausb and Anders Blomberga
Do pollutants fight pollution? The role of NOx on new particle formation from engines exhausts ............. 67
E. Tsiligiannisa, J. Hammesa, M. Le Bretona, T. Mentela,b and M. Hallquista

iv

On the kinetic modelling of soot oxidation in diesel particulate filters .......................................................... 68
Soheil Soltani, Bengt Andersson, Ronnie Andersson
N2O decomposition in lean vehicle exhaust gas ................................................................................................ 69
Rojin Feizie Ilmasani, Derek Creaser and Louise Olsson
Usage of novel graphene electrodes in microbial electrosynthesis for the reduction of CO2 into chemicals
and fuels ............................................................................................................................................................... 70
Pawel Piatek, Andrea Fazi and Nikolaos Xafenias
Numerical study of adhesion and mixing in the dry-coating process ............................................................. 71
Mohammadreza Tamadondar, Lilian de Martín and Anders Rasmuson
Numerical and experimental investigation of heat transfer in a large-scale vertical falling film pilot unit 72
Anders Åkesjöa, Mathias Gourdona,b, Lennart Vamlinga, Fredrik Inningsc and Srdjan Sasicd
Separation of sodium salt crystals from black liquor to mitigate scaling during evaporation ..................... 73
Erik Karlssona, Mathias Gourdona,b and Lennart Vamlinga
Influence of electrical conductivity on electroosmotic dewatering of cellulose nanocrystals ....................... 74
Jonas Wetterlinga, Erik Kullberga, Karin Sahlinb, Tuve Mattssona, Gunnar Westmanb and Hans Theliandera
Molecular impacts of disease-causing mutations on a protein´s structural stability and conformational
dynamics .............................................................................................................................................................. 75
Candan Ariöz, Kumaravel Ponnandai Shanmugavel, Min Wu and Pernilla Wittung-Stafshede
Novel trimodal MALDI imaging mass spectrometry (IMS3) at 10 μm reveals spatial lipid and peptide
correlatesi in Aβ plaque pathology in Alzheimer’s disease ............................................................................. 76
Ibrahim Kayaa, Dimitri Brineta, Wojciech Michnoa,Mehmet Başkurta,Henrik Zetterberga,b,Kaj Blennowa, Jörg
Hanriedera,b
Challenging the culprit in Parkinson’s disease: Hunting potential interacting partners of alpha synuclein
in health and disease ........................................................................................................................................... 77
Ranjeet Kumar, Pernilla Wittung-Stafshede
Biochemical and structural investigation of the CE15 family of enzymes: important enzymes aiding in
liberating hemi-cellulose from lignin ................................................................................................................. 78
Scott Mazurkewicha,b*, Jenny Arnling Bååtha,b*, Rasmus Meland Knudsenc, Jens-Christian Navarro Poulsenc,
Lisbeth Olssona,b, Leila Lo Leggioc and Johan Larsbrinka,b
Spatially confined photoinactivation of bacteria – towards novel tools for detailed mechanistic studies ... 79
Hanna Thomsena,c, Jeemol Jamesa,c, Anne Farewellb,c, Marica B. Ericsona
Biotic and abiotic redox processes during saccharification of lignocellulose ................................................. 80
Ausra Peciulytea, Lisbeth Olssona and Katja S. Johansena,b
Structure of the cell wall polysaccharide ulvan recovered from Ulva lactuca and characterization of ulvanacting enzymes ..................................................................................................................................................... 81
Venkat Rao Konasania Niklas Wahlströmb, Eric Malmhäll Baha, Ulrica Edlundb, Gunnar Westmanc, & Eva
Albersa
An automatized pipeline for generating high-quality enzymatically constrained Genome-scale metabolic
models .................................................................................................................................................................. 82
Iván Domenzain, Benjamín Sánchez and Jens Nielsen
Soft tissue engineering with 3D bioprinting ...................................................................................................... 83
Linnea Stridh Orrhulta, Karin Säljöb, Peter Apelgrenb, Lars Kölbyb,c and Paul Gatenholma,d
Role of luminal loop of Wilson’s disease protein ATP7B in Copper release.................................................. 84
Kumaravel Ponnandai Shanmugavela, Min Wua, Birgit Köhnb, Michael Kovermannb, and Pernilla Wittung
Stafshedea
Metabolomics and Self Organizing Maps as a scaffold for modelling cardiometabolic disease .................. 85

v

Dimitra Lappa, Peishun Li and Jens Nielsen
Cartilage repair with the use of adipose tissue and 3D bioprinting ................................................................ 86
Madeleine Attfors, Linnea Stridh Orrhult and Paul Gatenholm
Reconstruction of transcriptional regulatory networks .................................................................................. 87
David Bergenholm, Petter Holland, Christoph Boerlin, and Jens Nielsen
Novel methods for accelerating the development of more inhibitor tolerant yeast strains for cellulosic
ethanol production .............................................................................................................................................. 88
Elena Cámara, Ignatius Trollmann, Lisbeth Olsson and Yvonne Nygård
Exploring tumor metabolic heterogeneity through integration of single cell RNA-seq analysis and genomescale metabolic models ........................................................................................................................................ 89
Daniel Cook, Jon Robinson and Jens Nielsen
Direct visualization of annealing of ssDNA and compaction of dsDNA by the HIV-1 NC chaperone ........ 90
Kai Jianga, Nicolas Humbertb, Sriram KKa, Yii-Lih Lina, Yves Melyb, Fredrik Westerlunda
A nanofluidic device for the fluorescence‐based study of small biological vesicles ....................................... 91
Quentin Lubarta,b, Remo Friedricha, Jonas Hannestada,c, Elin K. Esbjörneb, Fredrik Westerlundb, Marta Ballya,d
Uncertainty analysis as a tool to increase the robustness of lignocellulosic bioethanol processes ............... 92
Nickel, D. B.a, Fornell, R.b, Janssen, M.c and Franzén, C. J.a
(properly) Modeling lipid metabolism in Saccharomyces cerevisiae .............................................................. 93
Benjamín J. Sánchez, Feiran Li, Eduard J. Kerkhoven and Jens Nielsen
Proteomic insight into the cellulose degradation system of Cytophaga hutchinsonii and Sporocytophaga
myxococcoides ..................................................................................................................................................... 94
Marcel Taillefera, Phillip Popeb, and Johan Larsbrinka
3D bioprinting of a three-layered model of human skin using freeform reversible embedding of suspended
hydrogels .............................................................................................................................................................. 95
Wictor Olssona, Linnea Stridh Orrhulta and Paul Gatenholma,b
Bottlenecks in lignocellulosic ethanol production: xylose fermentation and cell propagation ..................... 96
Marlous van Dijk, Yvonne Nygård, Lisbeth Olsson
Chemical Imaging Infrastructure (CII) ............................................................................................................ 97
Per Malmberga, Michael Kurczya,b and Aurélien Thomenb
Chalmers Mass Spectrometry Infrastructure .................................................................................................. 98
A Chalmers infrastructure serving the analytical needs of biology and chemistry researchers
A super wide bore MRI for chemical engineering ........................................................................................... 99
Diana Bernin

vi

MOLECULAR BIOLOGY

Molecular Biology

Quantitative mapping of triacylglycerol chain length and saturation
in situ using hyperspectral CARS microscopy
Alexandra Paula,b, Cecilia Brännmarkc, Mischa Bonnb, Pernilla Wittung-Stafshedea,
Sapun H. Parekhb
a

Chemical Biology, Chalmers University of Technology, Gothenburg, Sweden.
Molecular Spectroscopy, Max Planck Institute for Polymer Research, Mainz,
Germany.
c
Metabolic Physiology, University of Gothenburg, Gothenburg, Sweden.

b

Email: Alexandra.paul@chalmers.se

Lipids, intra-cellular stored as triacylglycerides (TAGs), can vary in composition
with diseases. Traditional approaches to analyse these lipids, in situ in cells, rely
on extensive sample preparation or lack spatial resolution to unravel differences
between individual lipid droplets.
We developed a least-square spectral decomposition approach to process
broadband coherent anti-Stokes Raman scattering (BCARS) data, allowing the
mapping of TAG chain length and saturation with sub-μm resolution.
Additionally, this approach minimizes sample preparation and allows for image
collection within minutes.

Figure 1. (a) Integrated symmetric CH2 stretching vibration intensity (2845cm-1) to show lipid droplets
in differentiated 3T3-L1 adipocytes. (b) Spatial map of TAG chain length and (c) number of C=C bonds.
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Interaction of the copper chaperone Atox1 with α-synuclein
Horvath, Istvan, Werner, Tony, Wittung-Stafshede, Pernilla
Chemical Biology Division, Department of Biology and Bioengineering, Chalmers
University of Technology, Gothenburg, Sweden
Email: istvanh@chalmers.se

Transition metal binding appears as a common feature of many amyloidogenic
proteins. The bound metals may affect the function and also aggregation
properties of the polypeptides. Copper (Cu) binding to α-synuclein has been
widely studied and a number of binding sites have been identified in the protein
(1,2). α-synuclein may be a player in the cellular homeostasis of this metal ion or
use it for redox functions. Most previous in vitro studies focused on Cu(II)
interaction with α-synuclein.There are only a few reports on Cu(I) binding to αsynuclein, although this is the main intracellular redox state of copper. Cu(I) ions
are bound to various Cu chaperone proteins in the cell before they are delivered
to Cu-dependent enzymes. For this reason we aimed to identify if the cytoplasmic
Cu chaperone Atox1 is capable of delivering Cu(I) to α-synuclein.
Aggregation studies using Thioflavin-T fluorescence detection showed that in the
presence of Cu(I)-loaded Atox1, α-synuclein amyloid formation is greatly
reduced while in the presence of free copper ions α-synuclein aggregation is
promoted. Interaction studies between Atox1 and α-synuclein using surface
plasmon resonance showed Cu-dependent binding between the two proteins with
an affinity in the micromolar range at 25 oC, pH 7.4. Size exclusion
chromatography studies on mixtures of Atox1 and α-synuclein in the presence and
absence of Cu(I) showed that the ternary complex is not stable, but metal analysis
revealed that Cu transfer from Atox1 to α-synuclein took place. Aggregation
experiments performed with the truncated α-synuclein having only the N-terminal
Cu binding site showed similar results as for the full length protein. Based on
these results we hypothesize that α-synuclein is a new target protein for Atox1mediated Cu(I) delivery and the Cu ion is delivered to the N-terminal site of αsynuclein.

References.
1. Montes, et al. Copper and copper proteins in Parkinson's disease, Oxid Med Cell Longev 2014,
147251.
2. Valensin, et al (2016) Coordination and redox properties of copper interaction with α-synuclein. J
Inorg Biochem. 2016 Oct;163:292-300
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Bacterial host factors promote horizontal transmission of antibiotic
resistance plasmids
Fabrice E. Grafa, b, Hanna Alalama, b, Linnéa Perssona, Per Sunnerhagena, b, Jonas
Warringera, b and Anne Farewella, b
a

Department of Chemistry and Molecular Biology, University of Gothenburg,
Gothenburg, Sweden.
b
Centre for Antibiotic Resistance Research (CARe), University of Gothenburg,
Gothenburg, Sweden.
Email: fabrice.graf@cmb.gu.se

Conjugation of plasmids is the predominant way in which antibiotic resistance
spreads through horizontal gene transfer and is driving the current antibiotic
resistance crises. Problematic infections, especially those caused by Gramnegative Enterobacteriaceae become hard-to-treat or untreatable due to resistance
genes harbored on plasmids. ESBL, carbapenemase, and recently colistin
resistance genes are prevalent on diverse plasmid types. Conjugative plasmids
encode most essential genes needed for their own propagation, however, the
chromosomal host factors controlling the rate of antibiotics resistance
transmission by conjugation remain largely unknown.
We aim to identify those host factors with the goal of proposing potential drug
targets that will limit the spread of antibiotic resistance by inhibiting conjugation.
We developed a massively parallelized system to accurately monitor conjugation
of resistance plasmids in Escherichia coli. We screened the complete collection
of E. coli deletion strains using the single gene knock-out strains as donors of a
subset of plasmids belonging to different incompatibility (Inc) groups and
measured their transfer rate into isogenic recipient cells. We identified up to 15
mutants that strongly decrease conjugation efficiency with the narrow host range
plasmids of the IncF family. Preliminary data indicates that the conjugation rate
of the broad host range plasmid pB10 (IncP) is not affected in those mutants. We
are currently screening with two additional clinical resistance plasmids of the
incompatibility groups IncA/C and IncL/M (both are highly associated with
resistance genes in drug-resistant Enterobacteriaceae) to find common potential
targets for therapeutic exploitation.

Poster 3

Molecular Biology

CRISPR-mediated genome editing of TDP-43 in SHSY5Y cells to
model ALS
Emanuele Celauro and Elin Esbjörner
Department of Biology and Biological engineering, Chalmers University
Email: celauro@chalmers.se

Amyotrophic lateral sclerosis (ALS) is an incurable, strongly debilitating, rapidly
progressing, and lethal degenerative disorder that affects motor neurons and
voluntary muscle control. A common neuropathological characteristic of ALS is
the deposition of the TAR-DNA binding protein (TDP-43) as aggregates in the
cytosol, which is found in 97 % of patients, in addition to its clearance from the
nucleus. Many different approaches have been developed to study the onset of
this disease, but most of them rely on cellular models in which the nuclear
localization signal (NLS) of TDP-43 is mutated, leading to its accumulation in the
cytoplasm, or in which modulation of autophagy, stress granules formation and
protein folding is used to trigger and then mimic the pathological progression and
formation of protein aggregates. A possible weakness of such approaches is that
they involve transient or stable overexpression of a fluorescently labelled TDP43, always in addition to the endogenous protein, which brings noise to the cell
model system. We then wanted to take advantage of the recently developed
CRISPR-mediated genome editing, to stably replace the endogenous TDP-43 with
a traceable fluorescent variant, by knocking in a fluorophore-PuroR cassette
through homology directed repair (HDR). With the same approach, additional
rounds of genome editing can be easily performed to disrupt the NLS or
ubiquitination targets, without having the endogenous TDP-43 mitigating the
obtained phenotype. Preliminary analysis of a stable CRISPR-edited SHSY5Y
cell line showed an unexpected basal level of cell-to-cell TDP-43:GFP
transmission, which will be further studied to assess its role in ALS onset and
spreading.
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The domesticated baker's yeast shows twice the phenotype polymorphism despite
possessing half the single nucleotide polymorphism of its closest relative. We
hypothesized that this seeming contradiction was due to a disproportionate
contribution to trait variation from chromosomal rearrangements, leading to gene
presence/absence and gene copy number variations in accessory genes.
Supporting this hypothesis, such polymorphisms have recently been found to be
much more frequent in the domesticated baker’s yeast with 30% of QTLs
mapping to subtelomeric regions. We evaluated this hypothesis using a reverse
genetics approach. First, we mimicked subtelomeric gene presence variants by
deleting accessory genes in strains where they were present. Second, we
mimicked gene duplications by inserting an extra copy in a strain where the gene
was naturally present in a single copy. Third, we mimicked SNP based allele
variants using pairs of diploid hybrids that were reciprocally hemizygotic for
particular allele pairs. We exhaustively explored the effect of each genetic
variation on growth rates across >100 different environments, using a high
resolution growth phenomics platform and a randomized well replicated design.
Establishing growth rate distributions of each class of genetic variation, we found
each subtelomeric gene presence/absence variation, but not each gene duplication,
to contribute more to trait variation than SNP based differences between allele
pairs. We conclude that subtelomeric gene presence/absence variation have a
disproportionate influence on fitness associated trait variation, and presumably
evolution and natural adaptation. Because of the challenges of assembling low
complexity subtelomeres, this variation will escape detection in GWAS and
linkage associated studies unless long read sequencing is employed and may
contribute substantially to missing heritability.
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Ionizing radiation is a part of cancer treatment to control or kill malignant cells.
A major goal of this study is to identify the threshold dose for cancer patients
undergoing radiotherapy which involves ionizing radiation. Single-strand breaks
(SSBs) is most common type of damage that occurs due to ionizing radiation.
SSBs arise on one strand of the DNA double helix and are usually accompanied
by loss of a single nucleotide. If not repaired, SSBs can be impediment to cellular
stability and can ultimately lead to apoptosis. Detection of SSBs is cumbersome,
gel based, labor intensive and error prone. Here, we developed a new method
utilizing the potential of SSBs to be a reporter for dose of radiation required for
cancer patients called as direct DNA damage assay (D3 assay). The D3 assay
utilizes single molecule imaging to analyze the cellular response towards ionizing
radiation induced damage. The method reveals that SSBs are increased around 10
times when the dose of ionizing radiation is increased from 2 Gy to 25 Gy.
Therefore, this method can be used in personalized chemotherapy increasing the
best benefit/risk ratio.

Figure 1. Schematics of D3 Assay for quantification of single strand breaks in DNA by ionizing
radiation
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and aggregation
Sandra Rocha, Pernilla Wittung-Stafshede
Department of Biology and Biological Engineering,
Chalmers University of Technology, Gothenburg, Sweden
Email: sandra.rocha@chalmers.se

Alpha-synuclein (α-Syn) is a small protein protein whose aggregation is the
hallmark of Parkinson’s disease. The protein is intrinsically disordered in solution
but it forms an α-helix structure when bound to membranes. The interaction of αSyn with lipids is related to its proposed function, i.e., regulation of synaptic
plasticity and neurotransmitter release, but it can also modulate aggregation into
amyloids. Recently, we studied the interaction of α-Syn with vesicles of DOPS
(1,2-dioleoyl-sn-glycero-3-phospho-L-serine) and DOPG (1,2-dioleoyl-snglycero-3- phospho-(1′-rac-glycerol)) and found that the lipid head-group
chemistry modulates lipid-protein interactions and affects the amyloid fiber
formation [1]. α-Syn has higher affinity for DOPG membranes and the protein
aggregates at faster rates in the presence of DOPG vesicles as compared to DOPS
vesicles. Current efforts focus on revealing the underlying mechanisms for the
interaction and the consequences for the lipid vesicles upon α-Syn binding.
Preliminary results, using flow linear dichroism spectroscopy, for membrane
bound α-Syn show that the long axis of the α-Syn N-terminal helix is initially
perpendicular to the membrane normal for both DOPS and DOPG lipid bilayers.
However, over time, the protein orientation changes and the DOPG membranes
become more oriented, possibly due to α-Syn inserting deeper into the membrane.
In addition to bulk experiments, we have successfully probed α-Syn binding to
individual vesicles in real time by monitoring changes in their scattering intensity
with single-particle resolution imaging.
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Copper (Cu) is an important micronutrient, essential for structure and function of
numerous proteins taking part in important biological processes. Free Cu ions are,
however, toxic and therefore cellular uptake and intracellular transport are
performed by specialized proteins. Atox1 is a copper chaperone, transporting Cu
ions from the membrane-bound Cu importer Ctr1, through the cytoplasm, to the
ATPases ATP7A/B located in the trans-Golgi network, where many proteins are
loaded with Cu. In addition to its cytoplasmic localization, Atox1 has been found
in the cell nucleus, indicating other functions. In order to investigate additional
functions of Atox1, our group has identified new possible interaction partners in
the nucleus via a yeast two-hybrid (Y2H) screen1 and we also demonstrated that
Atox1 is important for mobility of breast cancer cells.2 Recently, we discovered
that Atox1 interacts with a number of proteins involved in cell division. Our
present research focuses on revealing the role of Atox1 and Cu in the cell cycle.
Since cell division is a central feature also in tumour development, our results
may provide new leads with respect to the role of Atox1 in cancer.

Figure 1. Structure of Atox1, a Cu transport protein that may also have a role in the cell cycle.
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Cancer progression is associated with increased copper (Cu) levels in the patient´s
serum and cancer tissue. Antioxidant protein 1 (Atox1) is a Cu-binding protein
with established function as cytoplasmic Cu transporter. Recently, we found
Atox1 at the lamellipodia border of migratory breast cancer cells, suggesting that
Atox1 has a new role in cell migration.
To study the role of Atox1 in breast cancer cell migration, we apply live-cell video
microscopy with single cell tracking to evaluate cell migration in time and space.
Atox1-dependency of the cell migration parameters is assessed by varying Atox1
expression using transient cell transfections. We use immunofluorescent cell
staining and proximity ligation assay (PLA) to determine the cellular Atox1
interaction sites (focal adhesions) and direct Atox1-interacting proteins (newly
discovered partners are S100A12 and CutC) at the lamellipodia border. In
collaboration with Per Malmberg, we also investigate the subcellular Cu
distribution using SIMS (secondary ion mass spectrometry) in cancer cells.
We aim to describe new molecular mechanisms related to the role of Cu and
Atox1 in breast cancer cell migration, which in extension may unravel potential
new therapeutic approaches for breast cancer metastasis.
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Antibiotic resistance causes 25 000 deaths every year. Transfer of plasmids (mobile DNA)
between bacterial cells through conjugation is a major contributor to the spread of antibiotic
resistance. Here we have analysed mutants that have been shown to have impaired ability to
directly transfer DNA using a J105 - 3D Chemical Imager. The sub-set of mutants selected for
SIMS analysis possess mutations that are expected to influence lipid and protein composition
in the cellular envelope of the bacteria and are thus ideally targets for surface sensitive MS
analysis.
The J105 (Ionoptika Ltd, UK) is an unconventional time-of-flight secondary ion mass
spectrometry (ToF-SIMS) instrument specifically developed for analysis of organic
materials [1]. A 40 keV CO2 gas cluster ion beam (GCIB) is coupled to the J105 enabling
imaging as well as depth profiling of native, underivatised biological samples and detection of
intact lipids and other higher mass species [2]. Using the J105 coupled to a GCIB allowed
analysis of the outer membrane of mutated E. coli and lipid composition changes in the
membrane due to the mutations.
A previous study found that the stress response in E. coli exposed to carbon starvation were
changes in the lipid composition by elongation, cyclopropanation, and increased cardiolipin
formation [3]. The preliminary results from this study show extensive lipid changes in the
mutated bacterial cell membranes, some of which are closely related to those previously
observed in carbon starved E. coli cultures. Changes in elongation and cyclopropanation of
unsaturated fatty acids have been observed along with differences in the production of
cardiolipins. Such effects can influence membrane fluidity and protein incorporation and also
the functional properties of pili used to initiate conjugation. Lipid structure can also influence
the fusion pore formation required for plasmid transfer during conjugation.

References.
1. Fletcher, J.S., Rabbani, S., Henderson, A., Blenkinsopp, P., Thompson, S.P., Lockyer, N.P., and
Vickerman, J.C., A new dynamic in mass spectral imaging of single biological cells. Analytical
Chemistry, 2008. 80(23): p. 9058-64
2. Angerer, T.B., Blenkinsopp, P., and Fletcher, J.S., High Energy Gas Cluster Ions For Organic and
Biological Analysis By Time-of-Flight Secondary Ion Mass Spectrometry. International Journal of
Mass Spectrometry, 2015. 377: p. 591-598.
3. Wehrli, P.M., Angerer, T.B., Farewell, A., Fletcher, J.S., and Gottfries, J., Investigating the Role of
the Stringent Response in Lipid Modiﬁcations during the Stationary Phase in E. coli by Direct
Analysis with Time-of-Flight-Secondary Ion Mass Spectrometry. Analytical Chemistry, 2016. 88: p.
8680-8688

Poster 10

Health, Nutrition and Food Science

Evaluation of antioxidant capacity/activity and anthocyanin
composition of processed organic berries
Gabriel Oliveiraa, Urszula Tylewiczb, Marco Dalla Rosab, Thomas Andlida and Marie
Almingera
a

Chalmers University of Technology, Biology and Biological Engineering, Food and
Nutrition Science, Göteborg, Sweden
b
Alma Mater Studiorum University of Bologna, UNIBO, Italy
Email: gabbarb@chalmers.se

Introduction. Excessive amounts of Reactive Oxygen Species (ROS) in the body
can lead to damages in lipids, proteins and DNA and the balance between
antioxidation and oxidation is believed to be critical for maintaining a healthy
biological system. Extracts with berries have shown high potential to prevent
cellular oxidative damage (1), and dietary intakes of berries with high levels of
anthocyanins and phenolic compounds have been linked with health benefits as
lower risk of incidence of inflammatory responses and cancer (2). The objectives
of this study were to assess the effects of Pulsed Electric Field (PEF), Osmotic
Dehydration (OD) and edible coating on the antioxidant capacity/activity and the
anthocyanin composition of fresh berries.
Material and methods. Replicate samples of organic strawberries and kiwi fruits
were treated with PEF (100V/cm and 200V/cm) and OD (with sucrose and
trehalose). PEF and OD were applied on each sample, individually and in
combination. Replicate samples of organic blueberries were coated with chitosan
from mushrooms and procyanidins from grape seeds. All samples were analysed
in triplicates in terms of antioxidant capacity by the DPPH method and antioxidant
capacity using the ORAC-FL assay. Untreated samples were analysed in
triplicates as control and the effect of the treatments on anthocyanin composition
in strawberry and blueberry samples were assessed using UPLC-MS/MS.
Results and conclusions. The antioxidant capacity/activity seemed to be stable
in PEF-treated strawberries compared with the fresh ones. A slight tendency of
decrease in antioxidant capacity/activity was observed in samples treated by
combing PEF and OD. For coated blueberries, storage during 2 weeks at 4°C
seemed beneficial for the antioxidant capacity/activity and the anthocyanin
content. Financial support was provided by funding bodies within the FP7 ERANET Core Organic Plus, and with cofunds from the European Commission.
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Fish processing industries generate roughly 20-80% (w/w) by-products depending
on the type of fish and level of processing. In Sweden, the amount of by-products
generated by seafood processing industries was around 30000 tons’ in the year
2014. Ensilaging (see figure-1) is an energy smart option to preserve these byproducts and at the same time produce nutritious products for animal feeding. In
addition, provided a controlled process and a high-quality silage, further refining
into e.g. fish proteins, peptides, long-chain n-3 poly-unsaturated fatty acids (LC
n-3 PUFA) for human use should not be excluded. The main fundament of
ensilaging is that proteins are hydrolysed into its smaller units i.e. peptides and
amino acids by endogenous enzymes. To date, little is known on how to fully
control the ensilaging process using different types of fish by-products so that the
degree of protein hydrolysis (DH) is maximized while at the same time unwanted
reactions like lipid oxidation and amine formation are kept to a minimum. The
aim of this study was to evaluate the impact of temperature, pH, time, stirring and
oxygen access for the DH and lipid oxidation development during lab-scale
ensilaging of herring by-products.

Figure 1. Ensilaging process of fish (herring) by-products.

Experimental results revealed some interesting facts. The DH increased with
ensilaging temperature up to a certain level (32°C) followed by a decreasing trend
at elevated temperatures (37-47°C); which can be explained by optimal enzymatic
activity near the point for highest DH. Unexpectedly, a similar trend was noticed
for lipid oxidation, measured as Thiobarbituric Acid Reactive Substances
(TBARS), which indicates the possible formation of acetaldehyde, the hydrolytic
cleavage product of malondialdehyde (MDA), and/or non-enzymatic browning
reactions at elevated temperature. Further studies are currently ongoing to
investigate the nature of the lipid oxidation reaction during ensilaging and to
optimize the ensilaging process against DH and minimal lipid oxidation.

Poster 12

Health, Nutrition and Food Science

Multiple-product fish biorefinery: sequential extraction of gelforming proteins, collagen and collagen hydrolysate
Mehdi Abdollahi, Ingrid Undeland
Department of Biology and Biological Engineering – Food and Nutrition Science,
Chalmers University of Technology, Gothenburg, Sweden
Email: khozaghi@chalmers.se

Collagen and collagen hydrolysate was recovered from the bone and skin
containing sediment residue emerging during pH-shift-based protein isolation
from gutted silver carp. Hydrolysis resulted in higher yield (15.1-15.4%)
compared to collagen isolation by acid or pepsin (3.1-5.9%). Isolated collagens
(Fig.1a) were characterized as type I and maintained their triple helical structure
as confirmed by SDS-PAGE and FTIR. Pepsin-hydrolysis and serial hydrolysis
by pepsin and trypsin hydrolyzed all heavy molecular weight chains of collagen
but serial hydrolysis yielded smaller peptides. When collagen hydrolysate
(Fig.1b) was added to a silver carp protein isolate prior to gelation, the gel
behavior was dependent on molecular weight of the added collagen hydrolysate.
Smaller peptides emerging from serial hydrolysis improved water holding
capacity of the gel while reducing its breaking force. That a residue from fish
protein isolation can be used for isolation of high quality collagen and collagen
hydrolysate provides a promising basis for a multiple-product fish biorefinery.

Figure 1. Macroscopic appearance of (a) collagen and (b) collagen hydrolysate isolated from the pH-shift
processing sediment residue of silver carp
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The aggregation process of α-synuclein into amyloids is thought to be the main
reason for neuronal cell loss in Parkinson’s disease (PD). No cure for the disease
currently exists and symptoms can only be treated short term; therefore a better
understanding of what causes or prevents Parkinson’s disease is needed. Fish is
considered to be beneficial against several age-related diseases, e.g cardiovascular
disease, dementia and Alzheimer’s disease. The protective effects are popularly
ascribed to omega-3 fatty acids, but direct evidence against neurodegenerative
disease is lacking, opening up the possibility of protective effects by alternative
fish components. The most common allergen in fish, the highly abundant protein
β-parvalbumin (PV), form amyloid structures and subsequently avoids
gastrointestinal degradation, followed by transit into the blood. Because human,
and even bacterial amyloids, can cross-react, one may speculate that fish PV may
have the ability to interact with human amyloidogenic proteins. While PD is
primarily thought to originate from within the brain, strong evidence points at the
gut being an alternative point of origin. We assessed a putative connection
between recombinant PV from fish and human α-synuclein using a set of
biophysical methods, including fluorescence spectroscopy, atomic force
microscopy and transmission electron microscopy, and discovered that PV readily
inhibits amyloid formation of α-synuclein in vitro. The underlying mechanism
was found to involve α-synuclein binding to the surface of PV amyloids. In
addition to being a new amyloid inhibition mechanism, the data proposes that
health benefits of fish may be explained in part by cross-reaction of PV with
human amyloidogenic proteins.
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Transglutaminase 2 (TG2) is an intestinal enzyme with a central role in the
initiation and progression of celiac disease. By catalyzing the deamidation of
gluten peptides, an immune response is initiated in persons with celiac disease.
Gluten is a mixture of proteins found in wheat, barley and rye. Gliadin and
especially a small part of it, α2-gliadin, is considered to be the most immunogenic
peptide. Our goal was to identify a compound that strongly interacts with TG2
binding motives on gluten-derived peptides, and thereby preventing TG2 from
binding to gluten. A screening was done using computational docking studies of
an α2-gliadin model with potential food additives. The most promising
compounds were evaluated with ELISA based methods for their ability to inhibit
TG2 interaction. Ascorbyl palmitate (E304i) was found to be a good candidate,
especially together with a TG2 activity inhibitor, ZnCl2. The combination of
ascorbyl palmitate and Zn2+ may have the potential to be used to develop gluten
containing products that are safe for celiacs.

Figure 1. Top: Transglutaminase 2 (TG2) binds to specific parts of gluten peptides and subsequently
catalyze a deamidation reaction, which leads to an immune response in celiacs. Bottom: A combination
of ZnCl2, which inhibits TG2 activity, and ascorbyl palmitate, which in our simulations is able to bind to
TG2 binding motives on gluten, could possibly be used for celiac-safe foods. Illustration by J. Scheers.
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Introduction: The prospective birth-cohort, “Nutritional impact on
Immunological maturation during Childhood in relation to the Environment”
(NICE) aims to clarify the effect of key environmental exposures – diet, microbes
and environmental toxicants - during pregnancy and early childhood, on the
maturation of the infant’s immune system, including initiation of sensitisation and
allergy. Secondary outcomes are: infant growth, obesity, neurological
development and oral health (Figure 1).
Methods and analysis: The NICE-cohort has recruited 650 families during midpregnancy. The principal inclusion criterion is planned birth at the Sunderby
Hospital in the northern region of Sweden, during 2015 – 2018. A lot of biological
samples and questionnaires are collected from the participating families. The
children are followed up regarding allergy, growth, neurophysiological status and
oral health (Figure 2). The NICE-study will involve extensive bio banking of
biological samples. The samples will be analysed with multiomics methods.

Figure 1. The NICE cohort studies how diet,
microbes, toxicants and lifestyle affects the
development of the immune system and
allergy, neurodevelopment and obesity.
Figure 2. Questionnaires and biological
samples are collected at ten time-points, from pregnancy until the children reach four years-of-age.
Samples and questionnaires are collected primarily from mothers and children, but also from fathers.
Sensitization to common allergens is assessed by skin-prick testing and allergic disease is diagnosed
by a paediatrician at one and four years of age. At four years-of-age the children are also examined
regarding growth, neurobehavioral and neurophysiological status and oral health.
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Allergies, asthma and eczema are common during childhood and can cause
reduced quality of life both for the child and for the family (1). Several
environmental factors may play a role in the development of allergies and studies
have indicated that the timing of food introduction might affect the risk of
developing allergic diseases (2, 3).
In the Nutritional impact on Immunological maturation during Childhood in
relation to the Environment (NICE) study, a total of 650 expecting families living
in Norrbotten have been recruited and will be followed until the child reaches four
years of age. Data regarding food introduction is collected through monthly
questionnaires during the first year of life. The parents are asked to report if any
introduction was made during the past month and in that case also what was
introduced. To adjust for reverse causation the parents answer if they have
avoided to introduce solids due to symptoms of allergy, allergies in the family or
for other reasons.
To investigate whether or not the timing and/or type of introduction of food may
affect the risk of developing allergic diseases at twelve months of age, statistical
analysis will be conducted. Data analysis will mainly consist of logistic regression
and the results will be presented as odds ratios with 95 % confidence intervals.
Preliminary results will be produced on a sample of 265 children of which 52 were
reported to have doctor’s diagnosed asthma, food allergy, pet allergy and/or
eczema.
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Background: Metabolite concentrations in humans are a result of an interaction
between genetic and environmental factors. It is unclear what relationship there is
between the metabolic profile (metabolome) of different members of the same
family.
Aim: To study if the metabolome of the newborn infant is influenced by the
parents. Also, to examine differences in the metabolic profile between arterial and
venous umbilical cord blood in relation to the metabolic profile of the mother.
Method: Blood samples were collected from 52 families participating in the NICE
birth-cohort. Samples from the mothers at delivery, samples from the fathers, and
arterial, venous and mixed umbilical cord blood plasma from the newborn babies
were analysed with GC-MS/MS, measuring a combination of untargeted, selected
ion- and multiple reaction monitoring measurements during a single run [1].
Multivariate data analysis tools such as PCA, PLS, PLS-DA and RF as well as
ANOVA decomposition and Multilevel PLS and RF algorithms, were used to
check if there were any systematic differences between all the different groups.
Univariate methods such as Welch’s t-test and paired t-tests were used as a
complement to the multivariate statistics.
Results: Samples from mothers generally contained high amounts of α-tocopherol
and fatty acids, mainly oleic-, linoleic- and linolenic acid, compared to paternal
and infant samples. Venous, arterial and mixed cord serum samples contained
high amount of amino acids, mainly glycylvaline, lysine, phenylalanine and
tryptophan. Arterial blood samples contained more mono- and disaccharides such
as deoxy-galactose, glucose, sorbose and galactose while venous blood samples
contained more organic acids including α-ketoglutaric acid and glutamic acid.
Conclusions: Differences between mothers and newborns reflect differences in
catabolic/anabolic states. Arterial and venous differences may indicate what
substrates are being preferentially used by the newborn baby.
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Time-of-fight secondary ion mass spectrometry (ToF-SIMS) is starting to be of
increasing value to clinicians and has been used on different tissue samples to
successfully identify and localise chemical components to various areas of the
tissue and answer disease related questions [1]. Compared to other methods, the
main advantage of ToF-SIMS is the label free detection of a large number of
different molecules within one experiment on the same tissue section. ToF-SIMS
has been successfully used for analysing lipid behaviour in biological samples
such as breast cancer tissue [2]. Basal cell carcinoma (BCC) is one of the most
increasing cancers worldwide and it is the most common malignancy in white
people. Although the mortality is low as BCC rarely metastasises, this malignancy
causes considerable morbidity and places a huge burden on healthcare services
worldwide. Furthermore, people who have this condition are at high risk of
developing further BCC and other malignancies [3].
Samples were collected from patients with BCC, by Mohs surgery. The tissue was
sectioned for ToF-SIMS analysis and H&E staining of consecutive tissue slices
was performed. ToF-SIMS was performed using an Ionoptika J105 instrument
using a 40 keV (CO2)6000+ ion beam. The analysis provided detailed chemical
information about the individual lipid species and the spatial distribution of these
within the tissue. It was possible to observe differences between the layers of the
skin as well as between healthy and cancerous tissue. It was essential to compare
the observations of species to H&E stained images, to understand and confirm,
from which structures or regions of the tissue that the individual signals were
originated.
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Nanoscaled cellulose fibers are an attractive, yet elusive, reinforcing material for
thermoplastics due to their high strength, low cost and abundant availability.
However, cellulose as a hydrophilic material has an inherent incompatibility with
a hydrophobic polymer matrix. Aggregation within the composite leads to inferior
mechanical properties.
Over the last 30 years, scientists have developed numerous strategies to overcome
this incompatibility. The different types of preparation methods can be
rationalized into three main categories1
• Hydrosoluble matrices such as starch, poly(vinyl alcohol) or poly(ethylene
oxide)
• Emulsion systems such as latexes of natural rubber or poly(styrene-cobutyl acrylate)
• Hydrophobic matrices such as polyethylene, polypropylene or poly(lactic
acid). For dispersion of cellulose fibers in a hydrophobic matrix, fibril
surface functionalization and hydrophobization is essential. Surface
modification is achieved either by chemically modifying the surface or by
physically coating it 2
Our research is aimed at using polymer chemistry and polymer physics concepts
to aid the dispersion of the cellulose fibrils. Playing with immiscible polymer
blends will give bicontinous systems with interesting properties. Functionalities
incorporated in the polymer chain could work as compatibilizers or even introduce
sites of reaction to crosslink the cellulose fibrils with the matrix. Thereby we aim
to expand the number of viable routes to prepare cellulose reinforced
nanocomposites.
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Foam materials constitute a large production volume in our society and are today
mainly made from fossil fuel based raw materials. This is considered
unsustainable, since such raw materials are non-renewable, non-biodegradable
and will have a net release of greenhouse gases if the products are burnt after
usage. In paper producing pulp mills most of the hemicellulose is separated and
burnt for production of heat and electricity. Using hemicellulose for material
applications could be favourable economically as well as being environmentally
friendly, but at this point in time the applications are few. Foams have properties
such as low density, good absorption properties and good insulation properties,
which make them interesting in a wide range of applications.
In this study we have functionalized the hemicellulose. The products were
purified via dialysis and then freeze dried. Several analytical techniques such as
NMR, FTIR-ATR, carbohydrate analysis, and compression test were used to
characterize the products.
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In order to compensate the increasing clinical need for bone repair and
regeneration, novel bioinspired materials must be developed. One way to design
and produce such materials is by trying to mimic the natural bone growth
processes and exploit the advances in additive manufacturing (3D printing) [1].
The design incorporates a polymeric matrix (that could play the role of collagen)
which has a strict alignment, structure and space confinements and calcium
phosphates (CaP) which are being used in a similar manner as in nature for the
mineral phase of bone. The transformation from amorphous CaP to crystalline
hydroxyapatite (HAp) is achieved through an aging route which is analogous to
the natural mineralization procedure for bone growth [2].
Bone exhibits a complex hierarchical structure but its nanoscale architecture is the
basic building block. In order to identify if the 3D printed composites resemble
the bone structure down to the atomic level, Transmission Electron Microscopy
techniques are the most suitable.
In this work, we employ various TEM techniques to monitor the microstructural
evolution of the mineral phase from the amorphous to the crystalline state, to
study the structure and morphology of the HAp crystals, and to define their
nanoscale alignment and confinement between printed polymer fibrils according
to the material design.
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Future car industry orients towards vehicles with high efficiency, low waste and
no fossil fuel use. In fact, within the next 20 years the most developed countries
will gradually switch to no-petrol and no-diesel driven cars, particularly to
improve the global climatic situation [1, 2]. Therefore, vehicles driven by a fuel
cell are of highest interest [3], particularly a fuel cells based on a polymer
electrolyte membrane (PEMFC). The main drawback of the existing PEMFC
technology is the operating temperature limited to below 100 °C, due to the
evaporation of water and thus a lack of a charge carrier for the proton.
The idea of the current research is to substitute water as a charge carrier for a
protic ionic liquid (PIL), which is a substance consisting of organic ions able to
sustain proton motion [4]. Introducing a PIL into a polymer creates a system with
two mobile protons, one from the acidic groups of the polymer’s side chain and
one from the PIL, that coexist and increase greatly the overall conductivity.
Currently, we are focusing on a Nafion/imidazolium-based PIL system. The
preliminary results show high values of proton conductivity for these materials,
which are in the range 10−5‒10−3 S/cm between 20 and 120 °C in a complete dry
state. A deeper study of this type of membranes is planned to occur by in-situ
micro-Raman spectroscopy during the fuel cell operation [5]. This approach will
provide a better understanding of the inter- and intra-molecular orientation and
interactions, and thus of the underlying proton conduction mechanism.
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The skin grafts are difficult to heal on concave body surfaces. Also the wound
healing depends significantly on many factors such as the patient`s health
condition, wound location, etc. The current treatment method relies on the
absorption of wound exudate thanks to the Hydrofiber technology. This could
create problems since the wound exudate remains in contact with the wound bed
increasing the risk of infection.
Here, to solve this problem we propose a new concept of a 3D printed wound
dressing consisting of four separated modules. One of these modules is the
moisturizing layer which has a direct contact with the skin We design a 3D
module that provides a moist environment during the healing process of the
wound (around 7 days), removes the excess fluid produced from the wound, is
mechanically stable under moderate compression and shear force and retains the
shape of the dressing. The purpose of the work is to use completely sustainable
materials, especially microfibrillated nanocellulose (MFC) and develop a 3D
prototype which covers the concave armpit surface.
The work is divided in; designing of CAD 3D structure with channels to allow the
extraction of the fluid through capillarity forces; designing the bioink suitable for
the application and printing and testing the final structure for the dressing
prototype. The printability and rheological properties of bioinks were tested and
it was shown that they are suitable for 3D printing of wound dressing. The quality
of the 3D printed dressings was characterized by performing the water retention
tests, shrinking analysis, rheological, compression test and simulate wound fluid
(SWF) extraction test.
a.

b.

c.

Figure 1: a.) Concept model of armpit prototype; b.) Concept of the four different wound dressing
modules; c) 3D printing of moisturizer module.
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In development of non-precious metal catalysts (NPMC’s) for the oxygen
reduction reaction, it is crucial to understand the structure and function of the
catalytically active sites. Previous research on one class of NPMC’s, i.e. ironchelating, nitrogen-functionalized carbons (Fe-N/C’s) has provided a reasonable
understanding of the structure of Fe-Nx active sites, but there is still need for more
complete information.1 Electron Paramagnetic Resonance (EPR) spectroscopy
has this far rarely been used in this field, although it has the potential to contribute
to resolving the nature of such active sites. The aims of this study are to establish
EPR as a method to study Fe-N/C catalysts and to gain insight to the structure and
properties of a series of iron-chelating, nitrogen-functionalized ordered mesoporous carbon (Fe-OMC) catalysts prepared under different conditions. We are
able to identify several EPR signals and correlate these to structural features of
the materials and their electrochemical properties, obtained by complementary
methods such as EXAFS and fuel cell tests. We provide details of suitable sample
preparation to enable EPR as a method for studies of Fe-N/C type materials.
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Methane, as the simplest alkane and the main component in natural gas, attracts
much attention as energy source due to its abundance on earth. Moreover, with
the increased production of biogas, biomethane will be widely accessible as
renewable energy source. The utilization of methane largely relies on
transportation and storage. Therefore, it is beneficial to convert it into other liquid
phase chemicals such as methanol. To avoid the two-step conversion through
syngas, direct conversion of methane to methanol at low temperature is an
attractive alternative for its possible low energy consumption and high atom
economy.
In our work, we investigated the activities of Cu-zeolite following the activationreaction-extraction sequence as shown in Figure 1. Activities has been observed
over Cu-zeolite for this reaction. The methanol production, however, is not
satisfying. For achieving higher catalytic performance, it is necessary to
understand the function of the catalyst materials based on fundamental studies.
One fact remaining unexplained is the role of extraction during methanol
production. Triggered by this mystery, we followed the dynamic interaction
between methanol and Cu-zeolite using IR spectroscopy.

Figure 1. Reaction condition used for methane partial oxidation to methanol over Cu-zeolite
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ReO3 belongs to the rare family of ABO3 type perovskites with an empty A site,
and exhibits the even more rare phenomenon of negative thermal expansion
(NTE) [1]. Previously shown, the NTE depends on the synthesizing method [2],
however, we hypothesize that it is an effect of intercalated hydrogen. The
hydrogen atoms in ReO3 can either be as OH groups [3], or accommodate as H2O
in the structure. In fact, our initial investigation shows a two-step hydrogen release
in vacuum upon increasing temperature, indicating two kinds of hydrogen species.
With this background, we have investigated the nature of both (hydrogen)
dynamics and structure in ReO3, through quasielastic neutron scattering (QENS)
and neutron diffraction, with the aim to determine the presence and dynamical
behaviour of hydrogen species in ReO3 and how it correlates with the observed
NTE. The QENS spectra show a small broadening of the elastic peak, thus
revealing hydrogen diffusion [Figure 1(a)]. The presence of hydrogen is also seen
from a large background in the neutron diffraction data and the thermal expansion
minimum moves to lower temperatures with an increased hydrogen content
[Figure 1(b)]. Hence there is a significant amount of hydrogen atoms, affecting
the lattice and contributing to hydrogen diffusional behaviour.

Figure 1. (a) QENS spectrum at 250 K and Q = 1.2 Å-1. (b) Lattice parameter for ReO3 with a significant
amount of hydrogen content (ReO3 a) and a dry sample (ReO3 c).
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Gasification in fluidized bed with olivine as a bed material is considered as the
most promising alternative for thermal conversion of biomass. One of the major
challenges for the process is the formation of tars in the product gas that can clog
the downstream equipment and represents a loss of energy.
In the present study, the impact of components naturally occurring in biomass,
such as K and Ca for the formation of ash layer is evaluated. The summarized
observations are based on an aging experimental campaign performed in the
Chalmers gasifier (2-4 MWth dual bed) and complemented with a series of smallscale experiments performed as model exposures in a stationary furnace.
The evaluation of the bed material particle surface formed during the exposures
was performed using XRD, SEM-EDX and BET.
Material characterization of the sampled bed particles indicated that the potential
catalytic activity of the materials is dependent on the simultaneous presence of K
and Ca in the outermost part of the surface. Possible mechanisms of the
enrichments of the compounds within the particles are also speculated in the
paper.
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Strong coupling between light and matter leads to the formation of new hybrid
states. These polaritonic states show a dispersive behaviour which means that
their properties are angle dependent. In this work, we studied the dependence of
the polaritonic lifetime on the angle between the incoming light beam and the
organic dye in an optical cavity. A homemade setup with moveable excitation and
emission branches was built in order to measure the dependence. Tetra-tertbutylperylene in a polystyrene matrix was used as organic dye for the optical
cavity excluding the formation of excimers at high dye concentrations. The
organic film was deposited on a silver mirror by spincoating and another silver
mirror was sputtered on the organic layer to obtain a cavity.

Figure 1. Absorbance and emission spectrum of the tetra-tert-butylperylene molecule.
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Cellulose is one of the most abundant biopolymers on earth and has been widely
used in many conventional applications such as pulp and paper. The biggest
source of commercial cellulose is wood, and now research efforts are devoted to
utilising wood biopolymers in more innovative fields. 3D printing in one of the
most efficient techniques for the design of functional materials especially in
biomedical applications.
In the present work, which is part of the ONSKIN project, we designed a
nanocellulose based 3D printed absorbing module which will be used as a
component in a wound dressing prototype, designed primarily for skin transplants.
The 3D structure of the module was designed by using CAD software. The bioinks
were prepared in various compositions of nanocellulose dispersions and alginate,
these are then 3D printed using the INKREDIBLE+ and BIOX 3D bioprinters
from CELLINK AB. The printed structures were then freeze dried which resulted
in a porous and light material. Characterisation was performed to evaluate the
morphology, absorbing properties of a synthetic wound fluid, and compression
strain. The designed 3D prototype is expected to be a model for the development
of patient specific wound dressings.

Absor

Wo

Figure 1. The left-hand image shows 3D-printing of a nanocellulose and alginate dispersion. The top,
right-hand, image shows the concept of the two first layers in the wound dressing. The bottom, righthand, image shows freeze dried samples.
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Two types of polymer electrolyte membranes were prepared using Poly(ethylene
oxide) (PEO) [1] and Poly vinylidene fluoride-co-hexafluoropropylene (PVDFHFP), and with different amounts of the ionic liquid N-Methyl-Npropylpiperidium bis(trifluoromethanesolfonyl)imide (PP13-TFSI) added. The
polymer electrolyte membranes were characterized by Differential Scanning
Calorimetry, Broadband Dielectric Spectroscopy and Raman Spectroscopy. The
results show that the glass transition temperature Tg decreases and the room
temperature ionic conductivity increases with increasing content (up to 60 wt%)
of the ionic liquid in the case of PVDF-HFP membranes. However, in the case of
PEO membranes Tg is not significantly affected and the room temperature ionic
conductivity increases with the amount of ionic liquid only up to a threshold of
30 wt%, beyond which it reaches a steady value of about 5x10-5 S/cm. The results
from Raman spectroscopy show that the characteristic vibrational mode of the
TFSI anion at 741.8 cm-1 is not affected in the membranes prepared from PVDFHFP, whereas for those based on PEO it shifts to higher wavenumbers. The
preliminary conclusion is that the interaction between TFSI and PEO is such that
the ionic diffusion couples with the segmental motions of the polymer, while the
weaker interactions in the case of PVDF-HFP based membranes result in a
conduction process more similar to that of the neat ionic liquid.

Figure 1. Conductivity and Raman spectroscopy of PEO membranes.
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Polymers (plastics) are to a large extent derived from petrochemical sources,
making them unsustainable in the long run.1 By changing the raw material from
petroleum-based to bio-based, polymers could be adapted to a circular economy.
Plastics based on bisphenol A (BPA) have excellent material properties and are
consequently widely used.1 In fact, the worldwide production of BPA is estimated
to two billion kilograms annually. BPA is produced from phenol and acetone, both
originating from the petrochemical feedstock. Lignin, which is a highly abundant
polymer in nature, is rich in phenolic moieties and a possible sustainable feedstock
replacement. Depolymerization of lignin yields phenolic molecules which could
be used to produce alternatives to BPA.2
The project is focused on using atom-economic catalysis to produce bisphenol A
derivatives from well-defined lignin-based building blocks. In this light, vanillin
has been dimerized into a di-phenol using low loading of a Ruthenium-catalyst.
The reaction can be conducted without solvent and catalytic amounts of formic
acid as the only additive. Furthermore, vanillin is already produced from lignin at
a commercial scale, which could enable a quick utilization of the developed
process.3 Future studies will involve polymerization of the compound to compare
the thermomechanical properties to BPA.

Figure 1. Schematic representation of our approach to renewable bisphenol A (BPA) replacements. R
= handles for polymerization.
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Liquid chromophores have in recent years attracted significant attention in a
number of research fields such as luminescent inks, host-guest rotaxanes, liquid
semiconductors, and photon up-conversion.1-3 Also, in applications such as strong
exciton-photon coupling, where high concentration is of utmost importance, is
liquid chromophores of importance. However, for the vast majority of
chromophores, large π-conjugated network resulting in strong π-π interactions and
high melting points, which limits their applications. In this project, we have
modified perylene with small alkyl substituents. The formed derivatives were
found to have very low melting points and finally a liquid fluorophore blend was
obtained by mixing two different alkyl perylenes (Figure 1). Synthetic strategies,
as well as photo-physical properties in solution and in the solid state is presented.

1 mm
Figure 1. Perylene is black powder (left) whereas a drop-casted film of 50:50 mixture of n-butylperylene
and ethylperylene between two glass plates is shown to be a liquid (right).
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The materials of tomorrow need to be smarter than the materials we use today.
They must perform the same task equally as good, or better, compared to the
current materials, while weighing less. This will reduce the fuel consumption for
transports, as well as the overall material use. It is however not only the specific
properties that has to be improved, the materials need to be produced from a biobased, sustainable source. The most abundant bio-based polymer on earth is
cellulose, which is the main structural element in plants and trees. By subjecting
cellulose to strong acid, it can form cellulose nanocrystals, CNCs. These rod-like
nanoparticles are comprised of highly ordered cellulose and displays both
interesting mechanical as well as optical properties. Due to their excellent
mechanical properties they are thought to be good as reinforcing elements in
polymer composites. The hydrophilic nature of the CNCs can however be an
issue, as good dispersion can be difficult to achieve in a hydrophobic matrix. This
issue can be addressed by chemically modifying the surface of the nanocrystals.
A new technique for functionalising the surface of CNCs by the use of azetidinium
salts, see figure 1 below, will be presented, as well as the impact this modification
has on the properties of the CNCs and LDPE-CNC composites, see figure 2.

Figure 1. Illustration of the reaction between a
cellulose nanocrystal and an azetidinium salt.

Figure 2. Photo of LDPE-CNC composites
showing the impact the modifications has on the
thermal stability
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Background: Individualized therapy requires the design of the pharmaceutical
product to be tailored to the characteristics of diverse patients to optimise health
outcomes. One well studied product feature requiring individualization is the dose
strength. Current pharmaceutical mass production can produce some dose variants
of solid oral dosage forms but lacks the flexibility required to individualize dosing
to the extent required to fully meet patient needs. Delivering flexible dosing via
subdivision of a manufactured product to different sizes requires a uniform
distribution of the drug prior to subdivision. Aim: To investigate the suitability of
different film manufacturing techniques to individualize dose strength in
polymeric films. Methods: Drug-loaded polymeric films containing 5% & 15%
w/w carbamazepine (CBZ) in ethyl cellulose were prepared by a) hot melt
extrusion and melt pressing and b) solvent casting using 95% ethanol. 4mm
sections of the film were evaluated for carbamazepine content by UV after
dissolution in 95% ethanol.
Results:
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Figure 1. CBZ content in 4mm sections of hot melt
extruded and melt pressed films at 5% and 15%
drug loading. Results shown as mean ±SD, n=5.

Figure 2. CBZ content in 4mm sections of
solvent casted films at 5% and 15% drug
loading. Results shown as mean ±SD, n=5.

Conclusions: Carbamazepine exhibited reproducible, narrow drug distribution in
hot melt extruded and melt pressed films relative to solvent casting, therefore
films produced by this method can be subdivided in order to reliably and
accurately tailor the delivered dose.
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The classical Wigner model is a way of accounting for quantum mechanical
effects when studying the dynamics of molecular systems. In this model you
initially have a quantum mechanical phase space distribution, called a Wigner
function, and propagate it forward in time by classical mechanics.
A possibly difficult part of a practical implementation of the classical Wigner
model is the sampling of the initial quantum mechanical distribution.
In this project small systems are studied, and the initial Wigner function is
sampled by the use of Monte Carlo on an imaginary time Feynman path integral
open polymer, and correlation functions are calculated.
An aim with this project is to, based on this methodology, calculate reaction rate
constants for real systems.
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Protein kinase enzymes play a critical role in a number of cellular processes. More
recently, the aberrant regulation of lymphocyte-specific protein tyrosine kinases
(LCK) has been associated with the over activation of microglia cells (important
immune effector cells that reside in the central nervous system, CNS) and in turn,
the development of Alzheimer’s disease (AD).1 Unfortunately, the detail of LCK's
dynamic function and the importance of quantitative, spatial and time-dependent
parameters regarding microglia activation are poorly understood. Therefore, the
ability to manipulate LCK activity using light as an external stimuli, would allow
for temporal control of enzymatic activity, serving as a valuable approach to
selectively probe the dynamic behaviour of LCK in microglia cells — furthering
our understanding of AD as a result.
While such studies cannot be performed using conventional LCK inhibitors, we
are developing a stimuli-responsive release-and-report system. The development
of such a system is to be achieved through the inclusion of a photolabile caging
moiety onto a fluorescent LCK inhibitor that exhibits FRET-governed ‘OFF-ON’
fluorescent changes in concert with the release and subsequent binding of the
bioactive to the kinase enzyme. Hence, the time and location of the
photoactivation can be controlled by the user (Figure 1).

Figure 1. Photocleavage of caging moiety to release the active form of the kinase inhibitor.
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Over the past decade, the material graphene has received wide attention in the
scientific community due to its exceptional properties, such as high strength, light
weight and good conductivity.[1] In order to attain the many envisioned future
applications of this material,[2] the synthesis as well as the modification of
graphene need to be studied in detail. In our group, we focus on the wet chemical
synthesis of graphene starting from graphite. By applying relatively mild reaction
conditions, monolayers of oxo-functionalized graphene (oxo-G1) can be
synthesized and then further reduced to graphene with a controlled low density of
defects in the honeycomb lattice.[3] Oxo-G1 can also be used as a starting material
for further covalent functionalization of graphene, leading to new graphene
derivatives with specific properties.[4]
Another part of our research focuses on the synthesis of small organic molecules
with special properties, such as redox activity or substrate-specific sensor
molecules. These molecules are allowed to interact with graphene and the
properties of these novel composite materials are being studied.

Figure 1. Left: Graphene oxide with a density of defects of several % and proposed related structure
of graphene; right: oxo-G1 with a density of defects <0.5% and various oxo-functional groups.
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Photoswitches have long held the interest of the scientific community for their
ability to alter molecular structure, and thus properties, using light as a stimulus.[1]
By introducing photoswitches into bioactive molecules, their biological activities
can be switched on or off upon photoisomerization between the implicated
isomeric forms. Azobenzene-derived compounds are frequently used for this
purpose.[2] However, heterocyclic versions of this class of molecules are scarce,
despite that nitrogen aromatic heterocycles are among the most significant
structural components of, e.g. kinase inhibitors.
Herein, we report on the synthesis of a series of azoheteroarenes with BuchwaldHartwig coupling[3] and microwave-assisted O2 oxidation as the key synthetic
steps. Their photoswitching characterizations were investigated and several
compounds exhibit good to excellent properties (high switching efficiency, good
fatigue resistance and thermal stability of Z-isomer) relevant for photocontrolled
applications, which pave the way for development of photoswitchable kinase
inhibitors.

Figure 1. Photoswitchable azoheteroarenes and an example of photophysical properties.
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Two photon absorption (2PA) is a non-linear physical process in which a
molecular system absorbs two photons simultaneously. If the molecule is
fluorescent, this event leads to emission, which can be used for read-out in a
multiphoton laser scanning microscope. The fact that the process uses a
comparatively high wavelength in the NIR spectral range gives rise to several
applications in biology. TPA relies on a fs-pulsed NIR laser to achieve high pulse
power to increase the probability of 2PA, while keeping average power low.
The aim of this bachelor project is to implement an open aparture Z-scan (Donelly
et al., 2016), to determine the two-photon absorption cross section on curcumin,
using an experimental laser system available in the research group of Biomedical
photonics.
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Covalent organic frameworks (COFs) represent a relatively new class of porous,
organic and organized structures, which contain only light elements like B, C, N,
H, O and Si. This light version of metalorganic frameworks (MOFs) has already
shown outstanding properties when it comes to high thermal and hydrothermal
stabilities, low weight and high internal surface area.1 Properties making them
highly suitable for applications like gas storage2 and sensing3 , separation3,
catalysis3 or drug delivery3. Nevertheless applications which require mechanical
strength, like in electronics and electrochemistry are very limited since mostly
small grain powders have been made using existing technology.
During this research project we want to develop new methods to synthesize COFfilms on surfaces (e.g. gold). The approach is based on a templated structure
which has the advantage of a covalent connection between the electronically
conductive (or non-conductive) surface and the continuous COF-film. This
covalent connection is an improvement which will result in new applications
within material and chemical science.

Figure 1: Growing a COF-film by flowing two different building blocks alternately over the surface.
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In organic electronics the control of electron spin states is of the utmost
importance. For instance, charge recombination in commercial organic light
emitting diodes (OLED) leads to a statistical mixture of excited states being 25%
singlet (spin coupled) to 75% being triplet (spin uncoupled).
Typically, the singlet states emit light much faster than the triplet states, and
therefore a singlet emitting state is preferred. Thus, efficient methods to convert
the excited triplet state of a donor unit to give an excited singlet state of an
acceptor are of importance. Only two such methods have been discussed in the
literature, thermally activated delayed fluorescence (TADF) and triplet-triplet
annihilation (TTA). Both these approaches have positive attributes, however both
these systems suffer from low quantum efficiency prompting a need to develop
more efficient spin-converting systems.
We suggest that Förster type energy transfer could be a potential alternative to
aforementioned methods. The energy, in this case, is transferred through a dipoledipole interaction between the transition dipole moments of the donor and
acceptor moieties. Furthermore, the Förster type mechanism has been shown to
efficiently facilitate this type of desired energy transfer between molecules at
fairly large distances (up to 100 Å).
We have set out to design a donor-acceptor dyad that in a controlled fashion will
allow transfer of excitation energy from the triplet state of the donor (3D*) to the
singlet state of the acceptor (1A*).
3

D* + 1A = 1D + 1A*

Considerations for the molecular design require separation of donor from acceptor
units using rigid sp3-hybridized linker. This bridging unit should also provide
favorable conditions for:
• Maximizing the rate of triplet to singlet energy transfer
• Minimizing Dexter type triplet to triplet energy transfer
• Minimizing charge exchange between the acceptor and the surroundings
The successful outcome of our project could potentially be a competitive
improvement for phosphorescent OLED technologies, offering high productivity
and more sustainable solutions for the market.
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When new stars are born, matter is contracting towards their center of mass during
a so called gravitational collapse. The gravitational energy is then transformed
into kinetic energy, similar to a falling object. For the star formation to continue
efficiently, some of the kinetic energy must be removed, which can occur by
emitting electromagnetic radiation [1]. Emission of electromagnetic radiation can
be efficiently done by molecules. Therefore knowing which molecules are present
in the interstellar media, how they are created and destroyed is of importance
when considering star formation.
This work was concentrated on the radiative association reaction of the CH
molecule. Radiative association is the process where a molecule is formed, from
two atoms or smaller molecules, while emitting a photon (i.e. electromagnetic
radiation). The CH molecule was chosen for this study because of its occurrence
in several chemical reactions in the interstellar medium, the sun, and comets [2].
The focus of the study was to calculate the reaction cross sections and reaction
rates for the CH molecule and its isotopes. The reaction cross section is a measure
of how frequently the atoms will collide and form a molecule. The cross section
is then used to obtain the reaction rate constant, thereby giving an understanding
of the formation process of the molecule.
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We have set out to achieve the valorization of bio-derived starting materials, using
a combination of a biocatalytic process and transition metal-facilitated
functionalization. In order to achieve this, we have used organisms that express
enzymes that are able to convert cheap and sustainable starting materials derived
from biomass into highly valuable chiral products1 (Figure 1).

Figure 1. Biotransformation of renewable aromatic molecules.

These products can in turn be used as starting materials for a wide range of
chemical reactions and in the synthesis of important, bio-active molecules. In
particular, we have been exploring iron carbonyl chemistry as well as other
transition metal catalyzed transformations to construct a diverse range of chiral
building blocks for chemical synthesis.
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Undoubtedly, efficient technologies relying on abundant, renewable resources
hold great promise for the future. Probably, the most prominent from these
resources is visible light, which photoredox catalysis can be used to converted
into chemical energy.1 In our case, we utilize this energy to functionalize
relatively inert C(sp3)-H bonds on specific positions of hydrocarbons and simple
aliphatic compounds. This strategy allows us to circumvent tedious synthetic
routes, which by definition produce chemical waste.

Figure 1. Light-mediated selective functionalization. Blue bonds are reactive, red bonds are unreactive.

By guided or innate C-H functionalization2 we can in a single step construct
dioxolanes, tetrahydrofuranes, esters and amides with great selectivity and
specificity, by a strategy that uses visible light and non-toxic hypervalent iodine
compounds.3
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Nanoparticles are used extensively in catalysis since their large surface area gives
access to a great number of reaction sites. Most studies to date are performed on
thousands of particles simultaneously, so the data generally describes how an
average nanoparticle behaves. To gain more insight into how catalysis happens
on the nanoparticle surface and what kind of sites are most efficient,
measurements on single nanoparticles are needed. To prove the concept of
measuring single nanoparticle catalysis with fluorescence a nanofluidic chip was
created with 110 nanochannels(100x250nm in size). Each channel contains one
gold nanoparticle in sizes ranging from 40x40 to 100x1000nm and heights of
20nm. Single nanoparticle catalysis measurements using fluorescent techniques
have so far mainly been done using TIRF[2]. Using the reduction of sodium
fluorescein by sodium borohydride on gold nanoparticles[1] we have shown that
this method can be used to measure catalysis on single nanoparticles with
epifluorescence microscopy, by having a low background from using
nanofluidics. The nanofluidics also
provide excellent control over mass
transport because of the narrow
dimensions of the nanochannels and
pressure controlled flow. This allows
us to readily study the transition
between the mass transport-limited and
reaction-limited regimes of a hundred
of single nanoparticles in parallel
Figure 1. An example of the fluorescent intensity
data from a typical experiment. Particle sizes
increase from left to right and reactants are flowing
from the top and down.
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In recent years, a growing interest in the synthesis of shape and size controlled
noble metal nanoparticles have emerged because of their unique physical and
chemical properties. In particular, shaped Pd and bimetallic Pd-Pt core-shell
nanoparticles are highly interesting because of their catalytic activity. Batch
reactors have extensively been explored generating uniform high quality particles,
but normally suffer from batch-to-batch variations. Continuous microfluidic
reactors may overcome these challenges and provide additional benefits such as
enhanced heat and mass transfer shortening reaction time and provide synthesis
scale-up.
In this work we have developed a novel method for the synthesis of monodisperse
cubic Pd nanoparticles using a single phase continuous microfluidic reactor. The
microfluidic reactor enabled reduction of the reaction time to only three minutes,
giving more uniform Pd nanocubes with a significantly higher yield compared to
batch. For the first time using this type of reactor, bimetallic core-shell Pd@Pt
nanoparticles with a dendritic surface morphology were synthesised in a singlestep. The morphology of the particles was gradually changed from cubic to highly
dendritic by lowering the molar ratio of Pd/Pt.

Figure 1. TEM image of Pd cubes (left) and STEM-HAADF image of PdPt nanoparticles (right).
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In this work, we present a fine control over the coupling strength of light–matter
hybrid states by controlling the orientation of a nematic liquid crystal. The
microcavity was made from ITO-Gold electrode/mirrors on IR-transparent CaF2
substrates (Fig. 1a). Through an external voltage, the liquid crystal is seamlessly
switched between two orthogonal directions. The C – N vibration on the liquid
crystal molecule is coupled to a cavity mode, and FT-IR is used to probe the
formed vibro–polaritonic states. Using these features, we demonstrate electrical
switching and increased Rabi splitting through transition dipole moment
alignment compared to an isotropic phase. Moreover, the scalar product used in
the modelisation of light–matter interaction is verified [1].

Figure 1. Left: Photography of a microcavity. Right: Rabi-splitting ℏΩ𝑅 as a function of applied voltage
over the cavity monitoring with the polarizer parallel (orange) or perpendicular (grey) to the alignment
layer.
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Giant lipid vesicles (GLVs) and lipid tubular protrusions (LTPs) were used as
artificial lipid bilayers to investigate the effect of local calcium ion stimulation on
the remodelling of the lipid membrane. Many central cellular processes require
the membrane to bend and reshape, for example cell division, cell fusion, and
endo- and exocytosis. Calcium ions are known to have an active role in each of
these processes and are involved in numerous cell signaling pathways. Here, we
report that in both lipid membrane systems, GLVs and LTPs, a local application
of calcium ions on the outer leaflet of the membrane results in membrane bending
and formation of invaginations that point away from the calcium ion source.
Moreover, in the GLVs, the invaginations grow with different radii depending on
the initial membrane tension. The observed membrane bending was rationalized
by the mismatch in the surface charge density of the two leaflets due to the strong
calcium ion binding at the exposed outer leaflet. By using molecular dynamics
simulations, we demonstrated that such heterogeneous calcium ion binding can
be sufficient to trigger spontaneous curvature, bending the membrane. The results
shed light on an interplay between calcium ions and membrane remodeling.
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The world needs solar energy and research about how to increase the efficiency
of solar cells is therefore urgent. The maximum energy conversion efficiency of
single bandgap solar cells is 33% due to mismatch of the solar cell bandgap and
the solar spectrum (Shockley–Queisser limit). Photons with lower energy than the
bandgap cannot be absorbed while the excess energy of photons with higher
energy than the bandgap is wasted as heat.
One way to increase the photon energy conversion efficiency in solar cells would
be singlet fission (SF) to split a high energy photon into two photons (or excited
states) with lower energy that still is higher or matches the bandgap of the solar
cell. In that way, also the excess energy of high energy photons could be
harvested, increasing the theoretical efficiency up to 44% [1]. Singlet fission is a
photophysical process in which a singlet exciton is split into two triplet excitons.
Unfortunately, singlet fission has been observed only for a few known materials
and the mechanism is not fully understood. It is crucial to understand and analyze
the underlying mechanism of the process to design new compounds for SF and to
find ways for its technological integration. We are investigating the singlet fission
process in a pentacene dimer in solution, analyzing how rotational confirmations
and solvents affects the efficiency of the process.

Figure 1. Principle of singlet fission in a pentacene dimer: One high energy photon is split into two
photons of lower energy with a theoretical maximum quantum yield of 200 %.
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Proteins are large molecules required for the structure, function and regulation of
organs and tissues in all known forms of life. It comes to no surprise that today
more than half of our medicinal drugs are targeted towards proteins1. In the field
of drug discovery, the three-dimensional (3D) structure of the protein is the most
important information. This project aims to develop a methodology for determine
the 3D structure of proteins by using atom probe tomography (APT).
The development of APT into using pulsed laser ion evaporation have made it
possible to study non-conducting samples including ceramics and hard tissues.
This also raised the potential to study biological samples, including proteins.
However, so far suitable sample preparation methods have been lacking2.
The crucial task was to prepare a needle-shaped APT specimen containing the
protein, with its native structure intact. Our approach was to embed the protein in
an amorphous silica matrix, i.e. silicate glass, from which a specimen for atom
probe tomography could be fabricated.
In this work two silica embedding routes have been evaluated. By varying
experimental parameters silicate glasses with different properties could be
synthesized and evaluated in terms of protein stability, and feasibility for APT
specimen preparation and analysis.
The results showed that a protein could be embedded in a solid silica matrix and
kept in its native conformation. By using FIB-SEM for the specimen preparation,
a successful APT analysis was then accomplished.
The future work will include studies of other proteins and further improvement of
experimental procedures for developing a methodology with higher hit rate and
throughput.
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RNA-based drugs have enormous potential to transform modern medicine and to
provide new opportunities to treat and cure a wide variety of previously
undruggable human diseases, but their poor cellular delivery (bioavailability) is
impeding progress. We have studied the cellular uptake, intracellular trafficking
and cytosolic release of an eGFP-encoding mRNA loaded into lipid-based
nanoparticles (LNPs) in order to provide fundamental insights into the molecular
and biological factors that determine delivery efficacy. Our approach relies on
applying robust analytical methodology, such as flow cytometry and live cell
confocal microscopy to obtain quantitative data; we have also performed
cytotoxicity screening in a human liver cell line to evaluate LNP biosafety. By
overexpressing the protein Rab5, a biomarker for the early endosome, we
observed that LNPs localise to this trafficking organelle up to 2 h post-exposure,
followed by a decrease in fluorescent signal reflecting the endosomal rupture and
delivery of the mRNA into the cytoplasm. This work is conducted within the
Industrial Research Centre FoRmulaEx which has the long-term mission to
generate the fundamental knowledge required for the design of safe and efficient
drug vehicle formulations for the next generation of functional nucleotide based
drug modalities.
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Rodlike nanoparticles have longitudinal and transversal surface plasmon
resonances and the longitudinal one depends strongly on the aspect ratio of
nanorod1. Therefore, compared to spherical nanoparticles, they have better
plasmon sensitivity and tunability, which makes gold nanorods (AuNRs) at the
center of attention2. In our work, we found some of the gold nanorods grew to
slightly bent shape without extra forces. This phenomenon is very attractive. If
the bending angle could be controlled, it will be more promissing to utilize the
light. Therefore, the microstructure of this type of bent nanorods was studied to
explore reasons of the formation of bending.

Figure 1. High resolution image of a AuNR

Figure 2. Kikuchi patterns of two tops of a AuNR
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The conversion of solar energy into useful fuels, i.e. solar fuels, has the potential
of providing us with clean and storable energy. Solar fuels can in principle be
generated by light harvesting followed by charge separation and a catalytic fuel
forming reaction. These reactions are multielectron reactions and therefore the
materials used need to generate and store multiple redox equivalents. Nanoporous
semiconductors are promising materials for mediating multiple electron transfer
reactions since they as opposed to molecules are stable for cycles of light
absorption and can store electrons in the conduction band (CB) for long periods
of time.
Dye-sensitized photocatalysis (DSP) take advantage of the stability of
semiconductors and the selectivity of molecular catalysts. In DSP systems, the
CB works as a mediator for electron transfer between the dye and the catalyst.
The dye absorbs visible light and can inject electrons into the CB, these electrons
are then ideally transferred to the catalyst (see Figure). However the efficiency
can be limited by loss process such as electron recombination, and the DSP
systems are still less efficient than homogenous systems. We are interested in
studying the electron transfer across the CB from a dye to a model electron
acceptor. In this project, we have prepared TiO2 thin films that are co-sensitized
with different ratios of the organic dye D35 as the photosensitizer and a metal
porphyrin, cobalt protoporphyrin IX (CoPPIX) as a model acceptor. A fast first
reduction of CoPPIX (<1µs) was observed after selective excitation of D35. For
a large excess of dye, we also observed indications of rapid a formation of doubly
reduced CoPPIX which is stable on the surface for several milliseconds.

Figure 1. Schematic illustration of the desired electron transfer processes in a DSP system.
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In this project, perylene is used as the fluorescence resonance energy transfer
(FRET) donor and two photochromic diarylethene derivatives (DAEg and DAEr)
are used as the corresponding acceptors. The DAE photoswitches can be
isomerized between colourless open forms DAE(o) and coloured, highly
fluorescent closed forms DAE(c) upon exposure to UV light. The isomerisation
process is shown in Figure 2. Only DAE(c) can act as FRET acceptors, quenching
the emission from perylene and displaying FRET-sensitized emission. Perylene,
DAEg, and DAEr are encapsulated in polymer micelles at a concentration
allowing for efficient FRET reactions.1 As shown in the CIE diagram in Figure 1,
the fluorescence colour of DAEr, DAEg, and perylene is red, green, and blue
respectively. Thus, these three fluorophores generate a fluorescent RGB colour
system. By different degree of FRET quenching, controlled in turn by the degree
of isomerization to DAEr(c) and DAEg(c), the overall emission colour will be a
mix between R, G, and B. Thus, it is possible to generate all emission colours
within the triangle area shown in Figure 1.

Figure 1. CIE diagram

Figure 2. Structure of perylene and isomerisation process of DAE
photoswitches
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Single-molecule methods have become crucial biophysical tools for investigating
DNA-protein interactions in vitro. A general drawback with most single DNA
molecule techniques is that the DNA must be tethered in at least one of its end.
This means, for example that reactions involving two DNA ends are tricky to
study. Nanofluidic tools have frequently been used in static DNA studies, where
the molecule is stretched to an extension close to its contour length without any
tethering. However, studying dynamic reactions in real-time is a large challenge
since it is not possible to actively control the environment within the nanofluidic
channel, without holding on to the molecule. We have developed a nanofluidic
device that can be used to study dynamic processes on single DNA molecules in
real-time. This novel design enables active control of the local environment in the
nanofluidic channel, while keeping the DNA molecule confined. Using this
device, we are able to add analytes, such as DNA-binding proteins, on demand
and simultaneously study the response of the DNA molecule by fluorescence
imaging. We are thus able to map the interplay between biomolecules in order to
reveal the unknown details of different biological processes. As a proof of
concept, DNase I was successfully added to nanoconfined DNA stained with
YOYO-1 in order to induce digestion on demand (figure 1). To further show the
functionality of the nanofluidic device, we have studied real-time interactions
between DNA and proteins known to change the physical properties of DNA upon
binding. The results clearly demonstrate that we are able to control the reaction
conditions inside the nanofluidic channels, and thereby study complex
biomolecular interaction in vitro.

Figure 1. Time-trace image of fluorescently stained and nanoconfined -DNA. DNase I is added to the
molecule in order to promote digestion in situ.
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The di-rutenium complex [(phen)2Ru-μ-tatpp-Ru(phen)2]4+has been proved to be
a functioning cytostatic in animal models, and to have an interesting redox
chemistry, which might be a part of its mechanism of action1. Previous studies on
its DNA binding indicate that it binds with high affinity by intercalation of the
bridging tatpp ligand in-between the DNA base-pairs, however, its binding
kinetics has not been thoroughly investigated2.
Binuclear ruthenium complexes have received a great deal of attention after the
discovery that complexes with 11,11`-bis(dipyridophenzine) bridging ligand
(bidppz) bind to DNA via threading intercalation, i.e. a binding mode in which
binding or dissociation requires a bulky moiety to be threaded through a loop-hole
in the double helix, leading to very slow association and dissociation kinetics3.
The bidppz type of binuclear complexes have further been shown to be selective
towards long stretches of alternating AT base pairs, which makes them interesting,
for example, as a model compounds for anti-malaria drugs due to the high AT
content of the genome of the malaria parasite P. falciparum4.
In this paper we use circular dichroism (CD) spectroscopy to investigate the
kinetics of the binding to calf thymus DNA or [poly(dAdT)]2 of [(phen)2Ru-μtatpp-Ru(phen)2]4+, either in the form of the pure ΔΔ- or ΛΛ-enantiomers, or as
the statistical stereoisomer mixture that consists of 50% of the racemate and 50%
of the ΔΛ- (meso) stereoisomer.
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The development of 3D bioprinting technology has provided a new tool to obtain
a realistic in vitro model of several tissues, such as the brain. The aim of this
collaborative project is to develop a conductive nanocellulose-based ink for 3D
printing of neural scaffold to promote attachment, proliferation and differentiation
of neural cells. In the present work we prepared conductive bioinks for 3D
printing of brain tissue model. We used human neuroblastoma cells (SH-SY5Y
cell lines) to generate the neural network and the cell differentiation was
performed. The freeform reversible embedding of suspended hydrogels (FRESH)
bioprinting allows for an excellent printing fidelity and durability of the 3D
constructs after optimization of the printing pressure (Fig 1). Moreover,
immunofluorescence analysis of neurites length 2, 6 and 10 days after seeding on
such scaffold shows that the neurons differentiate significantly better on them
compared to seeded on non-conductive MFC substrates (Fig 2).
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3D Bioprinting is a revolutionary technology for the design of tissue models with
advanced functionality. The use of cell instructive bioinks in 3D Bioprinters
allows in addition for the rapid manufacturing of 3D tissues and organs in vitro
and the precise control over microarchitecture and the biological functionality of
cell-laden constructs. The printing versatility of bioinks together with living cells
eliminates the risk for poor cell viability and cell accessibility throughout the 3D
network. Here we summarize a few examples of cell instructive bioinks prepared
with chemically modified cellulose nanofibrils (CNFs). The CNFs were
bioconjugated covalently with a cell adhesive peptides (RGD) and laminin
(LN521) in order to promote human dermal fibroblast and stem cell adhesion and
viability in the scaffolds. The degree of conjugation, colloidal stability and
chemical composition of the modified CNFs were analyzed by chemical
characterization methods. The printability of the bioinks with various CNF ratio
was evaluated using a 3D bioprinter under different printing conditions. The
influence of peptide/protein modification and bioink composition on cell
adhesion, viability and proliferation was studied in vitro. The results showed that
the adhesion, viability and proliferation of fibroblasts were promoted significantly
in the 3D constructs bioprinted with GRGDSP modified bio-inks. Improved
cartilage-like formations were achieved in the LN521-CNF/Alginate bioinks after
two weeks of differentiation of human-derived induced pluripotent stem cells
(iPSCs).

Figure 1. 3D Bioprinted construct of human dermal fibroblast cells prepared using peptide modified
nanocellulose bioink. The fibroblasts attach to the cellulose nanofibrils entirely after 28 days.
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FRET (Förster Resonance Energy Transfer) is an important tool for obtaining
structure and dynamics information. For nucleic acids, firmly stacked base
analogue FRET pairs offer several advantages over conventional probes, since
they report on both the distance and orientation dependency, while causing
minimal perturbations to the native nucleic acid structure and functions.
Previously, we developed the first ever nucleobase analogue FRET pair consisting
of tCO (donor) and tCnitro (acceptor), which opened up for new detailed studies of
DNA.[1]
We here describe the characterization and potential applications of two promising
quadracyclic adenine FRET donors. As monomers, 2-CNqA and qAN4 both have
high quantum yields (QY) of 42% and 32%, respectively. However, inside DNA,
they show significant differences. 2-CNqA maintains an impressively high
average QY (30%) that is virtually unchanged with different flanking bases,
making it the brightest adenine analogue reported so far inside DNA. On the other
hand, qAN4 is more sensitive to its flanking bases and its microenvironment.
These complementary properties make 2-CNqA and qAN4 very interesting
analogues that expand the utility of the quadracyclic analogue family. Moreover,
the emissive features of both adenine analogues overlap with the absorption of the
FRET acceptors qAnitro and tCnitro making them excellent candidates for detailed
structural studies, such as the ones previously reported[2-5].
References:
1. K. Borjesson, S. Preus, A. H. El-Sagheer, T. Brown, B. Albinsson, L. M. Wilhelmsson, J Am Chem
Soc 2009, 131, 4288-4293
2. B. Dumat, A. F. Larsen, L. M. Wilhelmsson, Nucleic Acids Res 2016, 44, e101-e101
3. Y. H. Shi, A. Dierckx, P. H. Wanrooij, S. Wanrooij, N. G. Larsson, L. M. Wilhelmsson, M.
Falkenberg, C. M. Gustafsson, P Natl Acad Sci USA 2012, 109, 16510-16515
4. M. S. Wranne, A. F. Füchtbauer, B. Dumat, M. Bood, A. H. El-Sagheer, T. Brown, H. Gradén, M.
Grøtli, and L. M. Wilhelmsson, J Am Chem Soc 2017, 139, 9271-9280
5. M. Bood, S. Sarangamath, M. S. Wranne, M. Grøtli, L. M. Wilhelmsson, Belstein J Org Chem
2018,14, 1, 114-129.

Poster 60

Nanoscience and Nanotechnology

Binary Antibiotics – An Inside Job
Anna Mårtensson, August Runemark, Henrik Sundén, Maria Abrahamsson and Per
Lincoln
Department of Chemistry and Chemical Engineering, Chalmers University of
Technology, Gothenburg, Sweden
Email: marann@chalmers.se

There is a global spread of multi-drug resistant bacteria that is rapidly growing.
This in mainly caused by a decline in antibiotic development while continuing to
use clinically available antibiotics indiscriminately and excessively. With few
exceptions, available antibiotics all target the same limited set of bacterial
components promoting bacterial defence mechanisms to develop. Apart from
restricting antibiotic usage and prevent antibiotics from disperse into the
environment, new bacterial targets must be considered. For many years have a
DNA binding antibiotic been suggested. However, while having a strong
antibiotic activity, many DNA binding drugs have been deemed to cytotoxic for
the host for further development.
Here we propose that a new type of antibiotics could be binary, with the active
drug molecule synthesized exclusively inside the bacterial cell from two prodrug
reactants. As the synthesis of the active antibiotic will depend on the bimolecular
reaction of the prodrugs, the antibiotic concentration will be under reaction kinetic
control with a quadratic concentration dependence, and hence reduced risk of
resistance development. After passing the cell wall, the prodrugs insert
(intercalate) reversibly into the bacterial DNA. This does not harm the cell.
However, when a pair of complementary prodrugs happen to be in close proximity
of each other, they react by forming a covalent bond, becoming entangled to the
DNA and blocking its function (i.e. killing the cell).
DNA intercalating ruthenium complexes offer the advantage of modular
construction, which allows us to readily vary intercalating ligands, ancillary
ligands and connective moieties in order to accommodate and tune the reactivity
and selectivity of the reactive groups. In addition, ruthenium complexes have, in
general, a strong binding affinity towards DNA and have previously shown a
strong antibiotic activity.1 We are currently developing a system that uses a
strained cyclooctyne-azide coupling reaction. Our aim is for this system to be bioorthogonal (i.e. not reacting with anything else in the cell).
References.
1. Mårtensson AKF, Bergentall M, Tremaroli V, Lincoln P, Chirality 2016, 28, 713-720.

Poster 61

ENERGY AND ENVIRONMENT

Energy and Environment

Substituted perylene for highly efficient triplet-triplet annihilation by
suppressing aggregation related energy loss
Chen Yea, Khushbu Khushwahaa, Victor Grayb, Jerker Mårtenssonb, Bo Albinssonb
and Karl Börjessona
a

Department of Chemistry & Molecular Biology
University of Gothenburg, Göteborg, Sweden
b
Department of Chemistry and Chemical Engineering, Chalmers University of
Technology, Göteborg, Sweden
Email: chen.ye@gu.se

Perylene is a promising candidate for triplet-triplet upconversion annihilators for
its unique energy configuration and high luminescence quantum yield.1-2
However, the upconversion efficiency suffers from aggregation related emission
losses at high concentrations. Herein, we explore the triplet-triplet annihilation
potential of 10 perylene derivatives having various amounts of aggregation
reducing side chains. In the upconversion tests we found that some of the perylene
derivatives can greatly reduce the aggregation related emission and thus promote
the upconverted emission. We hope to find the good candidate who can get both
high triplet-triplet energy transfer efficiency and low aggregation related energy
loss.

Figure 1. Emission spectra using PdOEP as sensitizer and perylene or 2,5,8,11-tetra-t-butylperylene
as annihilator.
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In a sustainable future, the reliance on oil for the production of fuels, chemicals
and commodities has to change to renewable resources. However, replacing the
97 million barrels used each day is no easy feat and multiple biorefinery concepts
based on a variety of biomasses should be part of the solution. One limitation for
terrestrial biomasses, such as forestry and various crops for which these concepts
are already in place, is land use. Seaweed does not require land to be grown and
could provide a substantial portion of the future biomass needs.
For seaweeds there are other limitations, but to a large extent these relate to them
not being domesticized and studied to the same extent as crops or terrestrial plants.
Which means they could possibly be overcome. There are industrial processes for
alginate and carrageenan already, but the variety of seaweeds gives possibility of
new innovation in areas such as materials, food components and bioenergy. To be
able to evaluate the potential and identify targets for cultivation as well as
breeding the basic composition of a variety of seaweeds has to be known. Studies
have shown great intra-species variation in composition depending on abiotic and
biotic factors. Hence, suitable targets for future production of seaweed biomass
could differ from place to place and not only by natural occurrence.
In this study, 22 seaweed species were collected from and around the national
park of Kosterhavet in Sweden to elucidate their basic biochemical composition.
Analyses included major constituents (total carbohydrates, total protein, ash and
water content) and elemental composition (C, H, N, S, P and 17 heavy
metals/micronutrients). From these analyses the picture becomes clear that the
main problems with seaweed biomass for biorefinary is the ash (118-419 g(kg dry
weight)-1) and its water content (633-875 g(kg wet weight)-1). However, the
sugar content (267- 646 g(kg dry weight)-1) makes the biomass very interesting
for utilization in a biotechnological process based on a sugar platform as well as
materials. With this study, we hope to have lain the ground for future innovation
and potential marine industries on the Swedish west coast.
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Reducing the carbon emissions caused by energy production is currently one of
our planet’s most central sustainability challenges. To alleviate this situation,
renewable energy technologies such as solar cells and wind power plants are being
developed with great attention. Their utilization, however, is hindered by the
irregularity of wind and sunlight. One solution to this problem is storing the
produced energy during periods of high supply and returning it to the grid when
the supply declines. This is currently being done using pumped-storage
hydroelectricity or the environmentally harmful lithium ion battery technology.
Flow batteries based on organic molecules hold large potential to compete with
lithium-based batteries in terms of performance, cost and environmental impact
for grid-connected energy storage1. The technology utilizes the negative and
positive redox-active molecules dissolved in water and stored in two separate
containers. Upon charge or discharge, the respective solutions are pumped
through a porous graphite electrode in a fuel cell-like reactor. Due to having the
reactor and the electrolyte tanks separate, the energy capacity can be raised only
by increasing the amount of active material and the tank size, making the system
ideal for large-scale applications. Additionally, almost all components are easily
replaceable, facilitating maintenance and long-term stability.
In the project, organic molecules are synthesized with the target molecule having
high solubility, a suitable reduction potential, chemical stability, good electron
transfer kinetics as well as low cost of production. Focus is placed on molecules
with a conjugated core functionalized with carbonyls and nitrogen-containing
heterocycles. The molecules are characterized using cyclic voltammetry, bulk
electrolysis, chronoamperometry and rotating disk electrode voltammetry in order
to assess their suitability for redox flow battery applications.
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The purpose of this study is to investigate the mechanism of proton transfer in
Protic Ionic Liquids (PILs) and the impact of this phenomenon on ionic
conductivity. A series of Imidazolium based Protic Ionic Liquids (PILs) with alkyl
side chains of different length attached to the cation (HCnIm+, n: 2, 4, 6, 8, 10, 12)
and bis(trifluoromethanesulfonyl)imide (TFSI-) as the anion are investigated.
Their transport properties, inter- or intra-molecular interactions and local structure
are studied by use of several experimental methods, such as 1H NMR
spectroscopy, vibrational spectroscopy (Raman and Infrared), and SAXS (Small
Angle X-ray Scattering). The thermal stability of the PILs is also studied by TGA
and DSC measurements. In addition, by analysing the dependence of ionic
conductivity on viscosity, the ionicity of the HCnImTFSI PILs can be determined
[1]. Preliminary results show that the acidity, and thus the propensity to form
hydrogen bonds, of the -NH group is influenced by the alkyl chain length on the
cation, as revealed by the red shift of the N-H stretching mode in the infrared
spectra [2]. As a result of this change in intermolecular interactions within the
ionic domains, we expect effects on the proton mobility decoupled from
molecular diffusion [3], which we will investigate in further details by 1H NMR
spectroscopy and 1H diffusion NMR experiments.
a.

b.

n = 10
Figure 1. a. Molecular structure of the HC10Im cation;b. High frequency range of the infrared spectra
of HCnImTFSI ionic liquids, with n varying from 2 to 12. The inset shows the dependence of the N-H
stretching frequency on molecular structure.
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Prevalence of mixtures of synthetic and natural chemicals in the environment is a
growing concern for public health and environmental effects1. Currently, most
chemical legislations around the world are based on the risk assessments carried
out on individual substances and theoretical estimates of combination effect.
However, exposure to multi-component mixtures may stimulate unpredicted
overall toxic response due to synergistic interactions in chemical mixtures, which
in turn induce unintended adverse impacts. Therefore, it is increasingly important
to develop a high-throughput experimental approach to identify and to
characterize synergy dose-responses and to upgrade the current modeling
approaches in order to obtain more reliable risk assessment. In our project, we are
investigating the frequency of synergistic toxicity in mixtures of chemicals by
employing high-throughput yeast phenomics involving high-resolution
phenotyping techniques recently developed in our laboratory2. Primarily we are
focusing on five compounds with relatively known specific mode of action. The
baker’s/brewer’s yeast Saccharomyces cerevisiae and the marine yeast
Debaryomyces hansenii is used in this study as the model organisms to determine
the independent single-substance and the synergy dose-responses of the
chemicals. Thus, we will examine organisms at large evolutionary distance3
hoping to identify generic response of relevance vast arrays of organisms. Our
results clearly suggest that both synergistic and antagonistic relationships exist
among the tested chemicals and some of these relationships are concentration
dependent. We are also investigating the mechanistic causes of the mixture
toxicity by RNA sequencing analysis and by metabolomics.
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Understanding the properties and formation of secondary organic aerosol (SOA)
is of great importance, as there is still insufficient knowledge about them
(Hallquist et al., 2009). In order to investigate the role of volatile organic
compounds (VOCs) in the production of atmospheric nanoparticles, experiments
were conducted using the Gothenburg potential aerosol mass reactor (Go:PAM)
by oxidation of an anthropogenic precursor, 1,3,5 trimethylbenzene(TMB) the
most reactive AVOC in the gas exhausts. The efficiency of the formation of highly
oxygenated molecules (HOMs) (Ehn et al., 2014) by ozonolysis and reaction with
the hydroxyl radical (OH) was tested using a chemical ionization atmospheric
pressure interface time-of-flight mass spectrometer (CI-APi-TOF) coupled to a
nitrate inlet.
In contrast to previous studies (Molteni et al., 2018) different NOx conditions were
applied, showing a suppression to the production of dimers (Figure 1), and
subsequently to the new particle formation. The results of the measurements with
the ToF-CIMS are discussed in relation to the HOMs potential to form particles
and the mechanism in their formation.

Figure 1. Mass spectrum of TMB under no NOx conditions (red sticks), NOx: VOC ≈ 1 (black sticks) and
NOx: VOC > 1 (yellow sticks).

The research presented is a contribution to the Swedish strategic research area ModElling Regional and
Global Earth system, MERGE. This work was supported by the Swedish Research Council (grant
number 2014-5332) and Formas (grant number 2015-1537).
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Experimental investigation of non-catalytic carbon oxidation with NO2 over
concentration and temperature intervals relevant to passive regeneration of diesel
particulate filters showed significant promoting effect for both water vapor and
molecular oxygen. Furthermore, a synergistic effect was observed when NO2,
water and oxygen were simultaneously present in the gas phase showing the
importance of taking realistic exhaust condition into consideration for studying
diesel soot oxidation. In the studied temperature range of 350-450 oC, evaluating
[-O-] and [-N-] balance indicated the promoting effect to be of a catalytic type for
both water and oxygen. No significant dependence on concentration was observed
upon variation of the concentration of water over 1-5%. A temperatureprogrammed desorption experiment was conducted that emphasized the
importance of the interactions with surface oxygen complexes.
From an experimental perspective, this study proposed a much more appropriate
method for sample preparation that ensures very uniform and controlled
deposition of the carbonaceous matter in all channels of monolithic reactors. This
was found to be a crucial step for obtaining trustworthy experimental data which
are otherwise very prone to failures in terms of consistency and repeatability.
Reaction order with respect to the remaining carbon was observed to be a strong
function of conversion. It varies from initially negative numbers to values
between 2/3 and unity at higher degrees of burn-off. In contrast, selectivity was
observed to be a weak function of conversion. Using a random pore model to
account for the changes in the available surface area of carbon with conversion, a
global kinetic model was developed over 1-99% conversion interval. The model
can safely predict the reaction rate over the entire conversion interval with a very
good degree of accuracy. The application of the kinetic model as a means for
optimization of the regeneration process was illustrated using a simplified
population balance model. The aim was to predict the balance-point between soot
deposition and burn-off [1].
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Nitrous oxide is a greenhouse gas and it is therefore important to remove it from
vehicle exhausts. The objective of this work is to develop a catalyst that is active
for N2O decomposition.
Five different catalysts were prepared: 2%Rh/Al2O3, 4%Rh/Al2O3, 2%Rh/Al2O3,
2%Rh/2%Ba/2%K/Al2O3 and 2%Rh/BEA (Si/Al300). The catalytic material was
coated on ceramic monoliths, which were calcined at 550℃ for 3 hours.
Degreening was conducted in the flow reactor at 500℃ using 1% H2 in Ar
followed by pretreatment at 600℃ with 8% O2. The gas composition during the
first experiment was 100 ppm N2O, 5% H2O and 8% O2 with argon as carrier. The
catalyst was exposed to this gas mixture and the temperature was increased from
200 to 500℃.

Figure 1. N2O conversion for different Rh containing catalysts. Inlet gas composition is 100ppm N2O,8%
O2, 5% H2O and Ar as carrier gas.

The results in Figure 1, clearly shows that the addition of K and Ba promotes the
N2O dissociation.
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Numerous studies and commercial patents have recently emphasised the rational
approach in which acetogenic bacteria can ferment industrial waste gases such as
syngas (a mixture of CO, CO2 and H2) into sustainable fuels and commodity
chemicals, with simultaneous mitigation of greenhouse gas emissions1. Of current
significance, it has been suggested that microbial electrosynthesis, i.e.; directing
electrons via microbial catalysts for CO2 reduction using electrodes, can further
improve syngas fermentation processes, and enhance the production of valuable
organic compounds2. Examples of steering bacterial metabolism in this manner
have so far demonstrated favourable results, with high electron conversion into
organic acids and solvents2. However numerous limitations persist, of which
includes low electron to microbe transfer rates. This project aims to solve this
through an improved electrode setup using state-of-the-art graphene production
techniques. It is anticipated that an increased electrode surface area and bacteriafriendly hydrophilicity will encourage biofilm formation, leading to an enhanced
electron transfer. The work aims to primarily demonstrate this concept on CO2
gas as a sole carbon source concomitantly with graphene electrode enhancements,
which have not been fully elucidated. Favourable graphene-growth techniques
will be further applied on electrochemically assisted syngas fermentation
processes, with the aim to improve fermentation yields and rates via direct
electrical energy supplementation to acetogenic bacteria.

Figure 1. An example of microbial electrosynthesis fermentation setup. Acetogenic bacteria (green),
consume electrons for the reduction of CO2 into organic acids. The membrane only allows for the
transfer of electrons and protons.
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Dry-coating is a widely used process in industry wherein coarse particles are
coated by finer, cohesive ones to create value-added material or enhance the flow
properties of particles. An exemplar process is the formulation of dry-powder
inhalers in the pharmaceutical industry. Despite the importance of this coating,
the fundamental mechanisms governing its quality remain poorly understood.
This work proposes a computational framework that enables the assessment of
quality in the dry-coating process. The model uses the Discrete Element Method
(DEM) to simulate a mixing process of large (100 μm) carrier particles with fine
particle (5 μm) agglomerates in a Couette-type mixer. It is found that the quality
of the coating process is governed by two dimensionless numbers: the Stokes
number, St, (expended mixing energy/strength of agglomerates) and the reduced
intermixing coefficient, Λ, (cohesion /adhesion strength). Three unfavorable and
one favorable process regimes are identified and represented in a regime map as
a function of St and Λ. For a low St and Λ ratio, carriers jam and random mixing
is fairly poor. For a low St and a high Λ ratio, the agglomerates lump together and
remain intact. At a high St, the fine-carrier adhesion breaks and creates an
abundance of debris. Between these regions, however, process conditions are
favorable, which is confirmed with experimental data. Results of this study can
be used to obtain optimal performance for dry-coating systems.
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Figure 1. Left: Snapshot of the simulated dry-coating process; Right: Mixture quality regime map of
dry coating systems.
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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.

Poster 72

Process and Production

Separation of sodium salt crystals from black liquor to mitigate
scaling during evaporation
Erik Karlssona, Mathias Gourdona,b and Lennart Vamlinga
a

Department of Chemistry and Chemical Engineering, Chalmers University of
Technology, Gothenburg, Sweden
b
Valmet AB, Göteborg, Sweden
Email: erik.karlsson@chalmers.se

The evaporation of black liquor is an important and energy intense unit operation
in the chemical recovery cycle of a Kraft pulp mill. Black liquor has a high content
of sodium carbonate and sodium sulphate and, as the liquor becomes concentrated
to above about 50% dry solids content, these salts start to crystallize and can form
scales on the heat transfer surface, thereby decreasing the performance of the
evaporator. Process disturbances due to sodium salt scaling are common and
regular cleaning is normally needed to maintain the operation.
The highest potential for scaling is when a supersaturated liquor begins to
nucleate, which occurs when no crystals are available in the bulk. A mitigation
strategy used in some mills is to recirculate thick liquor, which increases the bulk
crystal concentration. However, a more efficient solution would be to separate
bulk crystals and add them selectively to mitigate scaling directly.
This study investigated the separation of bulk crystal from black liquor using a
hydrocyclone. Separation was shown to be possible and was proven for a dry
solids content of up to 65%, which corresponded to a viscosity of 20 mPa·s at
120°C. The two most important parameters relating to separation were viscosity
and flow velocity. The cyclone Reynolds number encompasses both of these
parameters and can be used to estimate the degree of separation.
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Cellulose nanocrystals are an exciting material that combines mechanical strength
and toughness with a low density, biodegradability and renewability. The
proposed applications are therefore plentiful; either as components in composite
materials or for use as films and foams. However, large scale production of
materials based on cellulose nanocrystals requires the development of industrially
viable processing techniques. As cellulose nanocrystals are produced in dilute
aqueous suspensions, one of the main challenges to obtain an energy-efficient
solid-liquid separation.
Different drying methods such as thermal drying, freeze drying and spray drying
can be used to dewater cellulose nanocrystals. However, these techniques are
associated with significant energy demands. The energy demand for drying
operations is oftentimes decreased by using a mechanical dewatering operation
such as filtration to increase the solid content before drying. However, filtration
is a challenge for cellulose nanocrystals as the large surface area results in a very
high filtration resistance. The resistance limits the use of filtration by placing a
high demand on operation time and/or equipment size.
Electroosmotic dewatering is a method that has shown significant potential for
increasing the solid content of cellulose nanocrystals at a low energy demand
compared to thermal drying. The use of electroosmotic dewatering will however
be strongly influenced by the electrical conductivity, and thus the ionic strength,
of the suspension of cellulose nanocrystals. This study investigates how the ionic
strength influences the dewatering behaviour with regards to dewatering rate and
specific energy demand.

Figure 1. Schematic drawing of the main effects during electro-assisted dewatering.
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Molecular impacts of disease-causing mutations on a protein´s
structural stability and conformational dynamics
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Every protein must fold into a 3D native conformation/structure to fulfil its
relevant biological role. However, a single amino acid substitution within the
primary sequence can impair the folding process leading to a less structured or
misfolded protein where the biologic activity is often substantially reduced or
completely abolished (1). To understand how mutations can change a protein´s
structure, stability and dynamics, we have studied five different point-mutations
of Wilson disease (WD) patients found in MBD56 protein, a two-domain
construct that is composed of 5th and 6th metal-binding domains of ATP7B: the
main Cu transporter in hepatic cells (2). MBD56 variant proteins carrying in situ
mutations were heterologously overexpressed in Escherichia coli (E. coli) and
investigated in vitro (circular dichroism and absorption spectroscopy) and in silico
(molecular dynamics simulations). The results will be used to explain in
molecular terms why these mutations cause disease in humans.

Figure 1. In situ positioning of selected Wilson disease-causing mutations in the structure of MBD56
protein. Mutations are indicated in magenta and Cu-binding cysteines in cyan.
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Multimodal chemical imaging using MALDI-MS can provide comprehensive
molecular information in situ within the same tissue sections. This is of relevance
for studying different disease pathologies such as Alzheimer’s disease (AD),
where recent data suggest a critical relevance of colocalizing Aβ peptides and
brain lipids.1 We here developed a novel trimodal, high-resolution (10 μm)
MALDI-IMS method for negative and positive ion mode lipid analysis and
subsequent protein ion imaging on the same tissue section. Matrix sublimation of
1,5-DAN enabled dual polarity lipid MALDI-IMS on the same pixel points and
with high spectral quality. This was followed by 10 μm resolution protein imaging
using 2,5-DHA on the same measurement area, which allowed correlation of lipid
signals with protein distribution patterns within distinct cerebellar regions in
mouse brain. The demonstrated trimodal imaging strategy (IMS3) was further
shown to be an efficient approach for simultaneously probing Aβ plaqueassociated lipids and Aβ peptides within the hippocampus of transgenic AD mice
brain which gives novel insights into disease pathology.2

Figure 1. IMS3 reveals plaque-associated Aβ peptides and brain Lipids on tgArcSwe mice brain.
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Parkinson’s disease (PD) is a chronic progressive neurodegenerative disease,
characterized by severe loss of dopaminergic neurons and formation of Lewy
bodies. These are rich in aggregated alpha-synuclein (α-syn) and are found in cells
of all patients with Parkinson’s disease. In solution alpha-synuclein is an
intrinsically disordered protein which has a propensity to aggregate and form
fibrils upon trigger or interactions with other cellular components, metal ions, and
biomolecules. In our division several ongoing projects seek answers to the
anomalous behavior of this key protein by in vitro, in vivo and in silico
experimental approach. At the protein production facility we do the heterologous
expression purification and characterization of proteins in order to provide
researchers within the division and collaborators a consistent starting material that
is monomeric alpha-synuclein. The ongoing projects address the interaction of
this protein with a variety of interacting partners. The poster provides a snapshot
of different ongoing projects where modulators and interacting partners of alpha
synuclein are currently being studied.
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Figure 1. Interacting partners and modulators of Alpha synuclein
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The use of fuels and materials derived from plant based biomass are an essential
feature for meeting our global carbon commitments. The target compounds for
the bioconversion of plant biomass into useable materials are the cell wall
polymers cellulose, hemi-cellulose, and lignin. A challenge to the extraction and
processing of biomass is the several chemical bonds which crosslink the polymers
together. Glucuronyl esterases (GEs) are a relatively new class of enzymes which
cleave an essential ester linkage connecting lignin to glucuronyl xylan (a hemicellulose found in many plant species including Spruce). Since the
characterization of the first GE from Schizophyllum commune (1), GEs have now
been identified in many biomass degrading microbes and the enzymes are now
classified into a large protein family called the Carbohydrate Esterase Family 15
(CE15). Phylogenetic analysis of CE15 members has revealed that the protein
family has a wide degree of sequence diversity (as low as 20% sequence identity)
possibly indicating novel functions for some of the members. To-date, however,
only a few GEs from a small clade of the CE15 phylogenetic tree have been
biochemically characterized and only two protein structures of CE15 enzymes
have been solved.
To investigate the diversity of CE15 enzymes and their biological role(s), we are
studying a broad range of proteins across the CE15 phylogenetic tree. The
activities of the enzymes have been assayed on model compounds and extracted
biomasses using spectroscopy and chromatography. In addition, we are pursuing
protein structures for a number of these enzymes to provide an in-depth
understanding of the interactions of these enzymes with their substrates.
Advancement of our understanding of these important enzymes could aid in the
extraction and processing of plant-based biomass.
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Antimicrobial resistance is a serious global threat fueling an accelerated field of
research aimed at developing novel antimicrobial therapies. A challenge is the
treatment of microbial biofilms formed upon bacterial growth and often
associated with chronic infections. Biofilms comprise bacteria that have adhered
to a surface and formed 3D micro-colonies, and demonstrate significantly
increased antimicrobial resistance compared to the planktonic counterpart. An
obstacle in developing novel strategies for fighting these chronic infections is a
lack of understanding of what underlying mechanisms primarily contribute to
enhanced drug resistance. Tools for noninvasive study of live biofilms are
necessary to begin to understand these mechanisms on both a single cell and 3D
level.
Herein, multiphoton microscopy and super-resolution microscopy are
implemented to study a biofilm model of Staphylococcus epidermidis to
noninvasively visualize and measure bacterial actions, individual bacterial cell
uptake, and penetration of compounds in 3D biofilm structure. The techniques
have been implemented for noninvasive 3D visualization of pharmaceutical drug
delivery systems and viability of biofilms following treatment[1]. In combination
with applying live/dead staining, inherently fluorescent strains of S. epidermidis
have been developed using green, red, and blue fluorescent protein reporters for
enhanced imaging and photo-manipulation. Two photon excitation was exploited
for spatially confined photoinactivation and microscopy optimized for evaluation
of microbiological viability at a microscopic level [2]. Future studies are aimed at
development of the proposed techniques for detailed studies of, e.g., quorum
sensing and mechanisms contributing to antimicrobial resistance.
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The discovery of redox-active enzymes termed lytic polysaccharide
monooxygenases (LPMOs) has led to a significant improvement in the efficiency
of enzymatic hydrolysis and thus in the process of the production of biofuels.
During saccharification of lignocellulose reactive oxygen species can be
generated as an outcome of redox processes. The in-use stability of LPMOcontaining enzyme cocktails is increased by the addition of catalase, which
terminates chains of radical chemistry by the dismutation of hydrogen peroxide
(H2O2) into water and O2, implying that H2O2 is generated in lignocellulose.
In this project, redox processes in lignocellulosic biomass happening via biotic
(enzymatic) and abiotic (non-enzymatic) routes were investigated. Abiotic
reactions in pretreated wheat straw consume O2, release carbon dioxide (CO2) to
the slurry and decrease the pH. The magnitude of these reactions increased with
temperature and with dry matter content. The presence of LPMO during
saccharification reduced the amount of CO2 liberated, while the effect on pH was
insignificant. Catalase led to increased decarboxylation through an unknown
mechanism that is independent of other enzymatic reactions. The presence of
H2O2 caused a decrease in pH.
A controlled O2 saturation in the reaction slurry is required for LPMO activity.
However, the presence of O2 lead to redox reactions causing acidification and
decarboxylation of the lignocellulosic material. It will be important to control
these processes in industrial settings.
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Ulva, a member of green macroalgae, is infamously known for causing algal
blooms or green tides in eutrophicated waters around the world. Biomass of these
green seaweeds is a good reservoir for a wide variety of biomolecules, with an
abundance of polysaccharides and proteins. Despite this, the green seaweed
biomass is largely unused due to the lack of specific tools and methods for the
extraction, analyses, and conversion of these biomolecules to high-value products.
Ulvan is the most abundant among the polysaccharides in Ulva lactuca and it is
composed of repeating disaccharide units of sulfated rhamnose paired with either
glucuronic or iduronic acid or xylose. Ulvan displays physicochemical and
rheological properties suitable for food applications whereas ulvan
oligosaccharides have potential to be developed as nutra- and pharmaceuticals due
to their antioxidant, anticoagulant and antihyperlipidemic activities. Despite these
potential applications, ulvan is majorly underutilized. To address this and to bring
the value to this renewable versatile polysaccharide, with the aid of biotechnology
and material science expertise we are developing tools to extract and transform
ulvan into high-value materials and products. We developed two protocols to
extract the ulvan from Ulva lactuca. The physicochemical and structural
properties of the extracted ulvan were established with the use of NMR, FTIR and
Z-potential measurements. We also established a production platform for ulvandegrading and modifying enzymes. With the aid of these tools, we are inching
closer toward the goal of developing a green seaweed biorefinery.
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Recently, a constraint-based method for the modelling of metabolism that
incorporates genome-scale protein abundance measurements and kinetic
parameters as maximum capacity constraints (GECKO) has been developed and
successfully applied for improving predictions for overflow metabolism and
stress responses on Saccharomyces cerevisiae cells1. Although the method has
been conceived in a general way, one of its limitations is the heterogeneity on the
availability of kinetic data for different organisms.
Here we present a general algorithm that is able to generate enzymatically
constrained models with high parameters coverage, trying to resemble the
intrinsic global kinetic trends even for organisms with scarce data availability. For
improving the predictive power of the models, an automatized and data-based
parameter curation procedure was also developed and integrated into the model
construction algorithm. The proposed pipeline has been tested on Y. lipolytica, K.
marxianus, E. coli and HepG2 human cell lines yielding feasible and further
constrained EC-GEMs which can be used for exploring protein allocation on this
organisms of industrial and health-care related interest.

Figure1. Improved GECKO modelling framework for reducing the solution space on GEMs.
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Autologous fat grafting has become a common technique for treating volume and
contour abnormalities in aesthetic and reconstructive surgery. Autologous fat
grafts have several beneficial characteristics, including lack of immunogenicity,
simple surgical procedure, low cost, and easy accessibility. The initial isolated
adipose tissue is composed of adipocytes and stromal vascular fraction cells,
which include adipose stem cells, preadipocytes, fibroblasts, vascular endothelial
cells, and a variety of immune cells1. One long-term complication with fat
grafting is unpredictable absorption of the fat graft. A number of studies have
reported resorption rates of 30-70% within a year2. In addition to the risk of
damaging the fat cells during aspiration and centrifugation, one limitation is the
requirement to infiltrate the cells in direct contact with well-vascularized tissue.
3D bioprinting utilizes the layer-by-layer method to deposit materials and cells to
create tissue-like structures. Using this technique, patient specific fat grafts can
be made regarding shape and size. In addition, the need for vascularization can be
met by making porous structures that blood vessels can grow into.
Adipose tissue from liposuction was received from a healthy donor. The adipose
tissue was prepared with Lipogems kit according to manufacturer’s protocol.
Briefly, the adipose tissue was washed, emulsified, and rinsed. The adipose tissue
was gently mixed with 3% alginate in a ratio of 90:10. To make a printable bioink,
the adipose mixture was further mixed with nano cellulose/alginate (80:20) in a
1:1 ratio. The tissue was 3D bioprinted and immediately implanted
subcutaneously in mice. At day 0, 3, 7 and 30, the constructs were harvested for
histological and immune histochemical analysis. Macroscopical examination of
the grafts revealed stable grafts over time with blood vessels in close conjunction
to the fat. Immunohistochemistry was used to characterize the explanted tissue.

Figure 1. From lipoaspirate to transplanted adipose tissue.
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The copper-transporting ATPase ATP7B is essential for loading of copper to
metalloenzymes in the secretory pathway. Inactivation of ATP7B results in
Wilson disease in which copper accumulates in the liver, and copper
dysregulation has been linked to both neurodegeneration and cancer[1]. Still, the
mechanism of ATP7B-mediated copper release in the Golgi is not understood.
We here demonstrate that a His/Met-rich segment connecting the first two
transmembrane helices in ATP7B can bind Cu(I) and aid in overall Cu transport.
Using short peptide models, NMR experiments demonstrate that three Met and
two His residues are responsible for Cu(I) binding. Although more than one Cu(I)
can bind to the wild-type peptide, removing either all His, or all Met, residues
reduces the stoichiometry to one Cu per peptide. Using a yeast complementation
assay, we show that for efficient Cu transport by full-length ATP7B, the complete
set of His/Met residues are required. In silico molecular dynamic simulations of
the lumen loop provide predictions for Cu-binding sites involving the His and Met
residues. Thus, in similarity to ATP7A, with a longer peptide loop in this position
[2], also ATP7B appears to have a luminal ‘exit’ Cu site.

Figure 1. Lumenal loop model of human ATP7B.
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Metabolomics and Self Organizing Maps as a scaffold for modelling
cardiometabolic disease
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Recent studies have pinpointed the production and regulation of unique
metabolites of bacterial origin in humans which have been instigated to play an
important role in metabolic diseases such as type-2 diabetes and cardiovascular
disease (1, 2). In our cohort, 2000 obese patients, undergoing bariatric surgery,
were subjected to portal vein plasma and urine metabolomics profiling, along
with RNA sequencing from gut and liver. One of the challenges is interpreting the
clinical findings and identifying connections between microbial metabolites and
pathogenicity.
Our aim is to introduce a cloud-based multiomics-integrative platform for
metabolomics analysis by utilizing Self Organizing Maps (SOMs) (3) and kmeans clustering. SOMs are Artificial Neural Networks that can determine
associations among closely correlated data points, perform unsupervised
competitive learning and produce low-dimensionality visualizations by
employing vector quantization. The map is then projected into k-means
clustering, for obtaining the recommended partition for metabolites.
SOM analysis in the current subset of operated subjects revealed pronounced
changes in free fatty acids and bile acids exhibiting larger alterations in obese
patients with and without type-2 diabetes as well as differential changes in
glycogen-related metabolites, lactate and glycerol. Further investigation and
follow-up validation is ongoing for verifying whether these biochemicals may
serve as novel portal biomarkers of type-2 diabetes.
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Cartilage repair with the use of adipose tissue and 3D bioprinting
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A challenge in today's plastic and reconstructive surgery is the reparation and
reconstruction of cartilage. Traditional strategies on repairing cartilage have
limitations such as donor site morbidity, fibrocartilage formation and leakage of
implanted cells. In recent years tissue engineering has become one of the new
alternative approaches, where three 3D bioprinting allows the precise deposition
of cells and scaffold in a construct by a layer-by-layer fashion, which is favourable
in tissue reconstruction. By using cells, the biological and functional properties of
a tissue can be re-established. The dominant cell-sources for the reconstruction of
cartilage have been human chondrocytes (hC) and mesenchymal stem cells
(MSC), traditionally harvested from bone marrow [1].
This project intends to reconstruct cartilage with the help of 3D bioprinting and
by the use of hC together with stromal vascular fraction (SVF) isolated from
adipose tissue. Adipose derived stem cells (ASC) are found in the SVF and have
the same multilineage properties as MSC, but can be harvested trough liposuction,
a gentler approach than the bone marrow harvesting. The aim of this project is to
study the potential of SVF in co-culture with hC to produce cartilage in a 3D
bioprinted construct, both in vitro and in vivo. The project involves isolating SVF
from adipose tissue, characterizing and quantify the ASCs, and then co-culturing
the isolated SVF with hC in 3D bioprinted constructs by using a bioink of
nanofibrillated cellulose and alginate. Finally, in vitro and in vivo studies are
performed to analyse the cartilage production in the constructs.

Figure 1. Showing the working process from adipose tissue, to processed lipoaspirate and 3D
bioprinting.
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Reconstruction of transcriptional regulatory networks
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In response to environmental changes the cellular functions are reprogrammed.
Transcription factors play an essential role in this regulation. Through physical
contact with either proteins or DNA the transcription factor alters the gene
expression. Reconstruction of transcriptional regulatory networks require in depth
understanding of these protein-protein or protein-DNA interactions. We
performed whole genome analysis of the protein-DNA binding at high resolution
(Chip-exo) of twenty-one Saccharomyces cerevisiae transcription factors, in
response to four different environmental conditions in chemostat cultures.
Because the targets of a transcription factor may differ depending on
environmental conditions, the four different conditions will enable us to find the
responses of each transcription factor. Combining the binding profiles and targets
of each transcription factor with transcriptome data and metabolic pathways we
can start to unveil the complexity of the regulatory network machinery.
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Novel methods for accelerating the development of more inhibitor
tolerant yeast strains for cellulosic ethanol production
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Production of fuels and chemicals from biomass is a crucial step towards a society
not depending on fossil resources. Second generation bioethanol, with
lignocellulose material as feedstock, is a promising alternative to first generation
bioethanol produced from sugar-based raw materials. Still, in order for biofuels
to substitute for fossil based fuels the production needs to be significantly more
efficient and price competitive. One way to tackle the suboptimal productivity is
to develop production hosts with increased tolerance towards inhibitors found in
lignocellulosic hydrolysates.
Our focus is on accelerating the design-build-test-learn cycle for making
industrial yeast strains for conversion of lignocellulosic biomass. An efficient,
marker-free genome editing strategy for engineering polyploid strains is needed
for engineering the robustness of industrial yeasts. Here, we combine
CRISPR/Cas9 technologies for strain engineering with high-throughput strain
analysis using microbioreactors. We have developed a method to study
hydrolysate tolerance, adaptation and ethanol production capacity at microscale,
directly in lignocellulosic hydrolysates. This way, we can accelerate the
development of more robust production hosts as well as gain novel understanding
on microbial physiology.
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Far from being a uniform population, cancer cells within a single tumor display a
surprising amount of heterogeneity. This heterogeneity occurs in the genome
(with multiple subclonal populations colonizing the tumor), in transcriptional
regulation, and in protein allocation – within and across subclonal populations.
Scientists and clinicians speculate that this multi-level heterogeneity is one of the
leading causes of drug resistance development and cancer recurrence. This issue
affects the use of established drugs for treating cancers and the potential
usefulness of drugs in development, including drugs targeting metabolism.
Though tumor heterogeneity at the single-cell scale is beginning to be understood
at the genomic, transcriptomic, and proteomic levels, there is little understanding
how this molecular heterogeneity influences cancer cell metabolism.
Understanding metabolic heterogeneity is crucial for predicting treatment efficacy
of newly identified metabolic targets for cancer therapy1,2. Therefore, we seek to
understand how cancer metabolism is regulated within single cancer cells by
integrating single cell RNA-seq analysis and genome-scale metabolic modelling.
We present an analytical pipeline to identify subpopulations of cells from within
a tumor using RNA-seq data, to build subpopulation-specific genome-scale
metabolic models using a probabilistic framework, and to simulate these models
taking tumor heterogeneity into account. We apply this pipeline to tumor samples
taken from breast cancer patients and predict metabolic targets that can inhibit
tumor growth in all tumor cell subpopulations and potentially prevent cancer
recurrence.
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HIV is a devastating disease caused by a retrovirus. A retrovirus incorporates its
RNA into the genome of the host cell and the RNA is then reversely transcribed
into DNA. The DNA is in turn translated into proteins that are crucial for new
virus particles to form. The nucleocapsid (NC) protein of HIV-1 is a nucleic acid
chaperone that plays an important role in the retroviral life cycle, in part, by
facilitating numerous nucleic acid rearrangements throughout the reverse
transcription process. However, the structural basis for this activity is not
completely understood. NC is a small protein composed of two zinc-finger
domains and mutants can be designed and tested at will.
In this study, we investigate the conformational changes of single DNA
molecules, confined to nanofluidic channels, caused by the NC protein and its
mutants. Two main observations are made. Firstly, NC induces the formation of
DNA concatemers when a DNA with a 12 base-pair single-strand overhang is
used. This activity seems to be related to the first 10 amino acids of the DNA and
correlates with the function of the protein in annealing RNA to its substrate in
vivo. Secondly, the protein compacts the DNA into a condensed form. The protein
concentration at which compaction occurs is similar for all tested mutants
In addition to revealing information about the interaction between NC and DNA,
our results also demonstrate how nanofluidic channels are perfectly suited for
studying interactions occurring at DNA ends. While most single DNA molecule
methods rely on tethering DNA ends to beads or surfaces, DNA without tethers,
and hence annealing of two ends can be readily observed in nanofluidic devices.
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A nanofluidic device for the fluorescence‐based study of small
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Detailed characterization of biological nanoparticles is challenging because of
their small size and their intrinsically heterogeneous nature1. Here, we present a
nanofluidic device, working as a nano flow cytometer and allowing for the
fluorescence-based detection of small lipid vesicles with high-throughput and on
a single particle basis2. The nanofluidic device was shown to be well-suited to
analyze different biological samples; proteoliposomes as well as extracellular
vesicles isolated respectively from bacteria or human cell lines were visualized
after staining with a membrane dye and their concentration was determined. To
characterize subpopulations for each sample, we attempt at detecting specific
biomolecules found on the particle surface after immunostaining. The type of
characterization presented here could be useful in the context of diagnostics to
establish the relation between the properties of the particles and their
biofunctionality for a given biological problem. For example, with the exosomes
to determine the amount of vesicles which carry a specific molecule providing
understanding of their role in intracellular communication.

Figure 1. The device consists of 300nm x 300nm2 nanochannels connecting 2 microchannels,
fabricated in fused silica. The full setup has been designed to fit with commercially available fluorescent
microscopes. To avoid non-specific binding and sticking of biological nanoparticles to the walls, the
channels are first passivated with an inert supported lipid bilayer. 5-20 µL of sample are then loaded
into the device and into the microchannels before being flown through nanochannels.
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Economically feasible bioethanol production via simultaneous saccharification
and co-fermentation (SSCF) from lignocellulosic materials requires tools to cope
with process variation. Bioethanol processes are highly prone to batch-to-batch
variation, e.g., of raw material compositions and enzyme cocktails. These
variations affect process performance, stability, trajectories and yields.
Uncertainty analysis is an effective tool to quantify the effects of variation in
process inputs on model outputs. Thereby we determine experimental strategies
reducing the effects of batch-to-batch variation. Using the example of an existing
model describing a multi-feed SSCF on birch [1], we propagated the variability
in enzymatic activities, retrieved from literature, through a model for batch and
multi-feed SSCF. Based on uncertainty analysis regarding the final ethanol
concentrations and yields we show that the multi-feed process can effectively
restrict enzymatic variability and enables a reliable performance with higher
yields than in the batch process. Thereby we demonstrate how uncertainty
analysis can be used to reduce process variability and increase the overall yields
by comparing different process strategies.
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Lipid metabolism in a cell is a complex system to study: Over 20 different classes
of lipids can be produced, each class can contain different combinations of acyl
chain groups, and each acyl chain group can have varying length and number of
saturations. This yields more than 250 specific species that can be experimentally
detected1. To be able to represent all these combinations, mathematical modeling
approaches that can handle big networks are needed. So far, the main approach
that has been used for this is genome scale modeling (GEM for short), which
represents the complete set of reactions in metabolism2. However, an important
limitation of this approach is that it can only define how much of each lipid class
there should be, but not how much of each acyl chain group there is, information
which is fairly easy to measure experimentally1.
In this study, we have developed a formalism for properly representing limitations
in lipid metabolism of Saccharomyces cerevisiae (budding yeast). We achieved
this by enhancing a GEM of yeast3 with 1) mathematical constructs in which we
Split Lipids Into Measurable Entities (hence referred to as SLIME reactions) and
2) dual constraints on both the lipid species and the -acyl chain distribution. By
using this method, we show that we can simulate the correct amounts of lipid
species, analyze the flexibility of these distributions, and compute the costs of
moving from one distribution to another. We also show the difference between
model predictions and experimental data on exact species1, and show the
probability of yeast choosing a specific distribution state by chance. Finally, we
use the method to show how yeast adapts its composition to deal with different
stresses (temperature, ethanol and osmotic pressures). The approach shows
potential for better understanding lipid metabolism and eventually learning how
to modify it for metabolic engineering applications.
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Second generation biofuels are advanced fuels (ex. ethanol) generated from
renewable biomass such as lignocellulosic materials. Lignocellulosic material is
primarily made of cellulose is the most abundant biopolymer in the world with
approximately 7.5 x 1010 tons produced yearly through photosynthesis,
hemicellulose with 4.5 x 1010 tons of hemicellulose produced, and lignin with 3 x
1010 produced yearly (1). However, the recalcitrant nature of lignocellulosic
materials renders it difficult to degrade. Cellulolytic systems generally fall into
two systems, complex system utilize a cellulosome for attachment and
degradation where as the non-complexed system relies on the secretion of
cellulolytic enzymes into the environment. Cytophaga hutchinsonii and
Sporocytophaga myxococcoides are both Gram-negative, aerobic, mesophilic,
cellulose degrading bacterium belonging to the phylum Bacteroidetes (2). Despite
both of these organisms being isolated for almost a century, they remain poorly
studied with their mechanism of cellulose degradation remaining unknown. As
both organisms do not apparently have either a complexed or non-complexed
cellulolytic system, we have employed proteomic analysis in order to identify the
proteins present during growth on crystalline cellulose and assess their putative
roles in cellulose hydrolysis putatively revealing a novel mechanism for cellulose
degradation. Further, we have been able to infer the localization of these proteins
through abundance in specific cellular fractions. Therefore, the abundance and
localization of the proteins present during growth on crystalline cellulose led to
insight into the mechanisms of cellulose degradation in both C. hutchinsonii and
S. myxococcoides.
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Each year thousands of people die, and millions are hurt by burn wounds. The
cost in both suffering and for medical care is enormous with an estimate mean
cost of $88,218 per patient in high income countries [1]. Currently the gold
standard for treatment is skin grafting but this is limited to the availability of
undamaged skin to graft to the damaged areas. Therefore, a patient with severe
burns over a large part of the body might not be able to be saved. However, by
using 3D bioprinting, a technique where very precise constructs can be created,
this problem can in the future be reduced.
In this study a three-layered model mimicking human skin was designed and
printed. The model was made to represent a simplified version of the three layers
of the skin. Keratinocytes were used for the epidermal layer, fibroblasts for the
dermal layer. Stromal vascular fraction (SVF) isolated from adipose tissue is used
to provide a growth factors and a source of stem cells. To overcome the challenge
with oxygen and nutrient supply to the construct, freeform reversible embedding
of suspended hydrogels (FRESH) printing was used. This is a method were
hydrogels are suspended in a matrix acting as a sacrificial scaffold which
afterwards can be removed. This allows for printing of constructs with a high
amount of accuracy and intact structures, allowing for the creation of channels
that can supply nutrients for the inner parts of the construct. In this project we are
evaluating FRESH printing as a possible method for 3 layered human skin
generation using low viscosity hydrogels to increase cell viability, nutrient supply
and structure retention.

Figure 1. Example of printing complex shapes using low viscosity 1.6% alginate in FRESH bioprinting.
Image to the right is work in progress of code for a 3-layered model of skin.
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A remaining challenge for the development of economically feasible 2nd
generation bio-ethanol is low xylose consumption rate and inhibitor tolerance of
the utilized Saccharomyces cerevisiae strains. Yeast starter cultures produced for
ethanol production in simultaneous saccharification and co-fermentation (SSCF)
processes have to meet high, seemingly conflicting requirements. A high biomass
yield during propagation is required to produce the high cell concentrations
required for the harsh conditions in the proceeding fermentation. Inhibitor
tolerance is essential for producing a highly viable starter culture as well as
favorable fermentation kinetics. Short-term adaptation of yeast cultures during
propagation has been shown to have a positive effect on pentose conversion as
well as inhibitor tolerance [1, 2].
We show data confirming this short-term adaptation effect in bio-reactors using
two different pentose-converting yeast strains. Key physiological parameters that
are used to assess this are specific ethanol productivity, viability, and intracellular
trehalose and glycogen accumulation. Thus, we will be able to show the influence
of strain background on the adaptation effect.

References.
1.

2.

Alkasrawi, M., et al., Influence of strain and cultivation procedure on the performance of
simultaneous saccharification and fermentation of steam pretreated spruce. Enzyme and
Microbial Technology, 2006. 38(1): p. 279-286.
Nielsen, F., et al., Short-term adaptation during propagation improves the performance of
xylose-fermenting Saccharomyces cerevisiae in simultaneous saccharification and cofermentation. Biotechnol Biofuels, 2015. 8: p. 219.

Poster 96

INFRASTRUCTURE

Infrastructure

Chemical Imaging Infrastructure (CII)
Per Malmberga, Michael Kurczya,b and Aurélien Thomenb
a

Chemistry and Chemical Engineering, Chalmers University of Technology
b
Chemistry and Molecular Biology, University of Gothenburg
Email: malmper@chalmers.se

The Chemical Imaging Infrastructure (CII) is a world-unique research
infrastructure with a primary focus on high lateral resolution imaging mass
spectrometry. The infrastructure offers access to the high performance Cameca
NanoSIMS 50L for analytical questions within materials science, geoscience and
life science. A nanoSIMS offers μg/g or better detection limits for most elements,
essentially periodic table coverage, 50 nm imaging and depth profiling
capabilities, and isotopic analyses of major and minor elements on a wide range
of materials, e.g. grain boundary analysis, characterization of stress corrosion
cracking, sub-cellular drug/peptide imaging and nitrogen fixation studies in
bacteria.
The infrastructure is open to all researchers in academia and industry. Selection
of academic projects will be done by the local committee based upon feasibility
and scientific excellence. For projects that are more extensive, potential users are
encouraged to contact the facility to discuss viability, relevance and feasibility
prior to applying. User fees will be applied; industry users pay full costs while
academic users are subsidized. CII is hosted by the Department of Chemistry and
Chemical Engineering at Chalmers and by the Department of Chemistry and
Molecular Biology at University of Gothenburg. Find more information about us
on our website http://www.chalmers.se/chemicalimaging .

Figure 1. NanoSIMS vesicle imaging in PC 12 cells: (a) TEM image; (b) Hue-saturation- intensity (HSI)
image of the quantified 13C14N-/12C14N- isotopic ratio. The dark blue and red on color coded bar show
lower and higher isotopic enrichment in 13C- dopamine, respectively; (c) the overlay of TEM and
NanoSIMS isotopic ratio image. Scale bar: 500 nm. From Lovric et. al. ACS Nano, 2017, 11 (4)
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The Chalmers Mass Spectrometry Infrastructure (CMSI) is a Chalmers
infrastructure with the mission to provide an open analytical platform to provide
researchers at Chalmers and beyond access to high quality mass spectrometrybased analyses. The CMSI has a wide range of mass spectrometers coupled to
either liquid or gas chromatographs, as well as several HPLCs and GCs for routine
analyses. These instruments are set up to measure different biological molecules,
such as fatty, amino and organic acids as well as biomarkers of food intake and
metabolomics. Experienced researchers can also set up their own methods, and if
you have a specific analysis you want to run, we can discuss about setting this up.
We also provide service analyses if you do not have time to run samples yourself.
In addition we provide both unit and accurate mass measurements for researchers
requiring compound ID.
During 2018 we are expanding CMSI’s metabolomics and lipidomics to face the
challenge of increasing use of these methodologies. With the expansion we can
significantly increase the throughput of traditional metabolomics and lipidomics
methods making the workflow amenable for large scale studies. In addition,
several quantitative methods will be established enabling better examination of
metabolism in detail.
In addition to providing analytical services, the CMSI has both educational and
research functions. We provide introductions into how to run our analytical
equipment and will also run courses on method development and validation 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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Chalmers has invested in super wide bore 7 T magnetic resonance imaging (MRI)
spectrometer with a unique probehead to improve the signal to noise fourfold. It
has a 66 mm open vertical cylindrical channel available for samples or other
experimental equipment like reactors. MRI is a spectroscopic technique that is
neither dependent on the optical properties of the sample nor on the labelling of
particles. The MRI signal arises from the nucleus in a molecule and the most
abundant and sensitive is 1H, which is commonly used. It is present for example
in water, most oils, polymers and biomaterials.
The equipment can, for example:
• measure multiphase flows including tracing the different phases
• measure non-isotropic diffusion in three dimensions
• perform tomographic imaging with a resolution of 20 µm in three
dimensions
• measure spatially resolved chemical reactions in situ by monitoring
composition
The MRI became operative in 2017 and is presently used for developing methods
providing fast temporal resolution i.e. in milliseconds. The equipment will be
available for collaborative research with academic and industrial partners.

Figure 1. MRI facility at Chalmers
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