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Talks by invited speakers 
Genomic Enzymology Web Tools: Discovery of Novel Enzymes in Novel Pathways 

John A. Gerlt, Institute for Genomic Biology, University of Illinois, USA 

The number of proteins in the UniProt database (>108M sequences in Release 2018_02) is increasing 

with a doubling time of 2.5 yrs; however, ≥50% of the proteins have uncertain or unknown functions. 

The lecture will describe two publicly accessible web tools for generation of protein sequence similarity 

networks (SNNs; EFI-EST; efi.igb.illinois.edu/efi-est/) and genome neighborhood networks (GNNs; 

EFI-GNT; efi.igb.illinois.edu/efi-gnt/) that can be used to 1) synergistically leverage the large amounts 

of sequence data and 2) guide formulation of experimental strategies for assigning functions to 

uncharacterized proteins in novel metabolic pathways.  Examples will be provided of the use of SSNs 

and GNNs to discover novel metabolic pathways in diverse microbial species, including the human 

gut microbiome. Additional web tools are being developed to prioritize targets for functional 

assignment based on metagenome datasets.   

 

Evolution of Enzyme Superfamilies: Exploration of Sequence-Function Relationships 

Janine Copp, University of British Columbia, Canada 

Elucidating the process through which enzymatic functions have evolved from ancestral protein 

scaffolds is fundamental to our understanding of chemical and evolutionary biology, and important for 

the exploitation of enzymes in biotechnology. Large-scale experimental approaches that 

systematically determine the activity profiles across enzyme superfamilies have begun to provide 

comprehensive views of functional diversity and evolutionary relationships. Intriguing insights can be 

gained through systematic analysis: promiscuous activities are prevalent and many divergent proteins 

retain "function connectivity" via enzyme promiscuity1. Interested in the varied biological and 

biotechnological roles of FMN-dependent “nitroreductase” enzymes, we determined the sequence, 

structural and functional relationships of this large and diverse superfamily2. Our results suggest an 

evolutionary model in which contemporary subgroups of the superfamily have diverged in a radial 

manner from a minimal flavin-binding scaffold. High-throughput activity profiling of large-scale 

synthetic gene libraries, in combination with ancestral gene reconstruction, is revealing the underlying 

molecular details. These results will aid future efforts to delineate the emergence of functional diversity 

in enzyme superfamilies, provide clues for functional inference for sequences of unknown function, 

and facilitate the rational redesign of protein scaffolds. 

 

Visualizing nature’s cryptic puzzles to gain a mechanistic understanding of lignocellulose 

deconstruction. 

Phillip Pope, NMBU, Norway 

The microbial digestion of plant biomass profoundly shapes innumerable ecosystems, ranging from 

the gastrointestinal tracts of humans and mammals to those that drive industrial applications such as 

biofuel generation. Our research applies interdisciplinary approaches to study and compare natural 

and engineered microbial ecosystems that are linked together via overlapping phylogenetic structure 

and functional traits (i.e. biomass degradation, fermentation, methane production). Specific studies 

focus on the gut microbiomes of important agricultural animals (cows, pigs and salmon), wild 

herbivores (moose, reindeer) and commercial biogas reactors that recycle municipal waste in 

Scandinavia. We employ a combination of molecular microbiology, genome-resolved meta-“omics” 



and enzymology for the targeted discovery of biomass-converting microbial populations. This 

collective effort has revealed novel carbohydrate-active enzymes and mechanisms as well as 

intriguing cellular features (i.e. outer membrane vesicles), and population dynamics (i.e strain-level 

interactions and viral predation) that all exert influence towards community breakdown of 

lignocellulose. 

 

Tailored microalgal oils for aquaculture 

Maria Barbosa, Wageningen University & Research, the Netherlands 

Omega-3 long chain polyunsaturated fatty acids (n3 LC-PUFA) such as eicosapentaenoic acid (EPA) 

and docosahexaenoic acid (DHA) are essential fatty acids in aquaculture and human nutrition. 

Microalgae are the primary EPA and DHA producers in the food chain, providing the high levels of 

EPA and DHA found in marine, oily fish, which is the main dietary source of EPA and DHA. There is 

a shortfall in EPA and DHA to supply human requirements. Autotrophic microalgae, in addition to 

being the direct route for de novo n-3 LC-PUFA production from solar energy, fix carbon dioxide during 

photosynthesis, grow on non-arable land, and have higher productivities than terrestrial crops.  

Microalgae can accumulate fatty acids, including EPA and DHA within the polar lipids and 

triacylglycerols (TAGs) lipids bodies. I will present recent findings on metabolic mechanisms for EPA 

accumulation in triacylglycerol (TAG) lipid bodies and on how selective pressure and sorting can lead 

to improved phenotypes with higher TAG yield on light. Efforts are being made to deliver a chassis for 

tailored microalgae oil production and advance industrialization in the field of photosynthetic cell 

factories. 

In addition, scale-up and techno-economics of phototrophically produced microalgae will be compared 
with heterotrophic production and I will finalize with an outlook on the field. 
 

GENE EDITING A WAY TO SOLVE AND UNDERSTAND REPRODUCTIVE CONSTRAINTS IN 

SALMON FARMING 

Anna Wargelius, Institute of Marine Research, Norway 

Recent biotechnological innovations offer opportunities to solve major salmon aquaculture 

sustainability issues. One is the genetic impact of escaped farmed salmon on wild populations, which 

is considered the most serious long-term negative effect on the environment. Reduced fish welfare 

associated with precocious maturity represents another obstacle, since robust farmed fish is needed 

to avoid negative stress phenotypes associated with sexual maturation, such as higher disease 

susceptibility and osmoregulatory problems. The CRISPR-Cas9 methodology allows editing of 

specific DNA sequences in any organism, including fish, thus permitting functional studies of genetic 

traits relevant for aquaculture. We have thus established knock out technology in salmon and are 

currently exploring knock-in. This in combination with the sequencing of the Atlantic salmon genome 

allows starting a new era of improved breeding in salmonid aquaculture. Current and future studies 

are now aiming at elucidating how genetic traits influence for example disease resistance, 

reproduction, or welfare, and ultimately if and how gene edited salmon can be used in aquaculture to 

solve major environmental bottlenecks such as escaped fish and diseases. The criticism of GMOs 

has largely focused on transgenesis, in which genetic material from unrelated species are added to 

create new or alter traits, such as the growth hormone transgene salmon. Cisgenic editing does not 

introduce “foreign” DNA, but changes the existing sequence, often into another allele also known from 

the same species. Thus, clear conceptional differences exist compared to technologies previously 

used for GMO production. We are therefore also exploring the ethical and legal constraints and 

possibilities of using gene edited fish for sustainable aquaculture solutions. A first prerequisite for the 



introduction of gene edited fish to sea cage farming is sterility, to ensure reproductive containment. 

To induce 100% sterility, we have in this context explored possibilities to produce fish that lack germ 

cells, thereby avoiding both the risk of genetic introgression with wild populations. Using targeted 

mutagenesis against the dnd gene with the CRISPR-Cas9 methodology, we generated gene-edited 

fish lacking germ cells and hence fully sterile. We are currently developing a method to upscale the 

production of germ cell free salmon. Another path to control the timing of reproduction and reduce 

genetic introgression is to use fish predetermined to mature late. If escaping, late maturing fish are 

more likely to die before reaching spawning grounds of wild salmon. We have found a region in the 

salmon genome largely controlling sea age at sexual maturity. We are currently using gene editing to 

identify the causative mutation both by knockout of genes in the region and by homologous 

recombination. The use of gene editing can also help to understand basic reproductive mechanisms 

in salmon. In this context, we are currently exploring the functions of several proteins involved in 

reproductive processes, such as the Fsh receptor. In summary, gene editing is not only an important 

tool for understanding salmon biology, but we also foresee that the potential improvements 

considering sustainability issues may result in the future, the use of gene edited fish in farming. 

 

Biodiscovery and bioprospecting of Norwegian deep-sea hydrothermal vent systems 

Ida Helene Steen, Univervisty of Bergen, Norway 

Norway controls large ocean areas where the genetic and functional diversity of microorganisms is 

poorly investigated. Through interdisciplinary work using deep-marine technology, geochemistry, 

microscopy, microbiology, bioinformatics, we explore the microbial life in deep-sea hydrothermal vent 

systems located on the Arctic Mid-Ocean Ridge (AMOR). Functional and metabolic adaptations of 

different genera of Epsilonproteobacteria associated with low-temperature and high-temperature 

venting sites within the Loki´s Castle located at 2300 meters depth, have been identified. Moreover, 

using cultivation and genomics, we have identified a broad use of complex carbohydrates and protein-

based compounds by heterotrophs grown either as single organism or in co-cultures. A major result 

of our knowledge on the geomicrobiology of the AMOR vent fields is an increasing interest from 

different industries. Genetic resources from AMOR are currently being explored as a starting point for 

Green and Blue value chains. In our work with industry we have developed chambers for enrichment 

of microorganism tailored to the degradation of relevant industrial substrates as well as equipment for 

harvesting of large volumes of fluids for sequencing of viromes. Finally, using metagnomics on diverse 

samples form the AMOR vent fields we have built a VentZyme database comprising of more than 4 

million ORFs. Altogether our result may provide valuable knowledge about how we assess our deep 

sea hydrothermal vent ecosystem as a potential marine resource for biotechnology. 

 

Trust in Knowledge. Trust in People. Trust in Communities 

Cameron Neylon, Curtin University, Australia 

It feels like knowledge and expertise are under attack. At the same time the expectations funders and 

governments have of researchers – for engagement, impact, accessibility, reproducibility – are all 

increasing. We are used to thinking of these demands as issues of compliance, and as such they 

become an increasing burden. I will argue that a different approach, one of aiming to build trust across 

relevant communities can help to deliver on all of these different agendas. Increasingly, we are used 

to thinking this way when it comes to communication within our communities, with calls for data 

sharing, reproducibility, code availability and validation, but we still find it challenging when we shift to 

thinking about communication beyond the scientific community. But if we do the former well then it 

will help us with the latter. In fact we may come to realise that they are really the same thing, and that 



through better understanding the questions and needs of the users of science, we will come to do 

better science, that is more valued by the societies we live in, and be better placed to tackle the large 

problems currently facing us globally. 

 

Trust and Accountability: experiences from the FAIRDOM Commons Initiative 

Carole Goble, University of Manchester, UK 

In recent years we have seen a change in expectations for the management and availability of all the 

outcomes of research (models, data, SOPs, software etc) and for greater transparency and 

reproduciblity in the method of research. The “FAIR” (Findable, Accessible, Interoperable, Reusable) 

Guiding Principles for stewardship [1] have proved to be an effective rallying-cry for community groups 

and for policy makers.  

The FAIRDOM Initiative (FAIR Data Models Operations, http://www.fair-dom.org) supports Systems 

Biology research projects with their research data, methods and model management, with an 

emphasis on standards and sensitivity to asset sharing and credit anxiety.  Our aim is a FAIR 

Research Commons that blends together the doing of research with the communication of research.  

The Platform has been installed by over 30 labs/projects and our public, centrally hosted 

FAIRDOMHub [2] supports the outcomes of 90+ projects. We are proud to support projects in 

Norway’s Digital Life programme. 

2018 is our 10th anniversary. Over the past decade we learned a lot about trust between researchers, 

between researchers and platform developers and curators and between both these groups and 

funders.   We have experienced the Tragedy of the Commons but also seen shifts in attitudes. 

In this talk we will use our experiences in FAIRDOM to explore the political, economic, social and 

technical, social practicalities of Trust.  

[1] Wilkinson et al (2016) The FAIR Guiding Principles for scientific data management and 

stewardship Scientific Data 3, doi:10.1038/sdata.2016.18  

[2] Wolstencroft, et al (2016) FAIRDOMHub: a repository and collaboration environment for sharing 

systems biology research Nucleic Acids Research, 45(D1): D404-D407. DOI: 10.1093/nar/gkw1032 

 

Design and evolution of artificial enzymes 

Donald Hilvert, Laboratory of Organic Chemistry, ETH Zürich, Switzerland. 

Enzyme design represents a formidable challenge. Extensive mechanistic and structural studies have 

provided a solid qualitative understanding of enzyme action.  Nevertheless, our knowledge of 

structure-function relationships in these macromolecules remains incomplete and a quantitative 

accounting of the incredible efficiency achieved by enzymes still eludes us. Diverse strategies have 

therefore been explored to engineer enzymes for novel applications, ranging from repurposing 

existing active sites to generation of antibodies with tailored catalytic properties. Among these 

approaches, computational design has emerged as particularly promising. Computational enzyme 

design has afforded made-to-order catalysts for a variety of reactions lacking biological counterparts, 

including simple proton transfer reactions, multi-step retroaldol transformations, Diels-Alder 

cycloadditions, and several metal-dependent processes. Although the starting activities of these 

artificial enzymes are typically low, they can be significantly increased by directed evolution. In 

favorable cases, activities approaching those of natural enzymes have been achieved. Analysis of the 

(sometimes surprising) evolutionary trajectories provides valuable feedback for the design process as 



well as insights into natural protein evolution. Recent progress on the computational design and 

evolutionary optimization of artificial enzymes will be surveyed in this lecture, highlighting both the 

opportunities and challenges facing this emerging field. 

 

Engineering Biology at Scale 

Jeff Boucher, Ginkgo Bioworks, USA 

Biology is the most powerful force on the planet, possessing nanoscale precision while functioning on 

a continental scale. What if human technology were similarly as powerful and sustainable? That is 

why we need to engineer biology. Presently, engineering efforts are confounded by the inherent 

complexity of biological systems at every level, from individual proteins to diverse microbial 

communities. Our mission at Ginkgo Bioworks is to make biology easier to engineer. We are 

accomplishing this mission through our high-throughput, automated foundries. In this talk, I’ll share 

how Ginkgo uses the software and hardware tools of the foundries to discover, design, and optimize 

enzymatic pathways for applications across industries. Overall, the foundries fundamentally change 

how we study biology by allowing us to sample greater biological diversity in the enzyme discovery 

process, while rapidly turning around results and capturing every measurement in a central database. 

Greater sampling allows Ginkgo Bioworks to discover distant functional homologs and explore large 

structure-function landscapes. The knowledge gained from these experiments inform subsequent 

projects and act as a force multiplier in achieving our mission of engineering biology. 

 

Openness and biotechnology: 5 common misconceptions 

Pieter van Boheemen, Rathenau Institute, the Netherlands 

The Open Science movement anticipates an increase of the impact of science by improving its 

inclusiveness. By including non-traditional actors in biotechnology a number of particular expectations 

are frequently expressed. Some of these based on misconceptions that are not in line with today’s 

open practices in biotechnology. In this talk Pieter van Boheemen will elucidate five of these, based 

on his experience in science engagement, education and involvement in grass-roots biotechnology 

communities. 
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SAPP: functional genome annotation and analysis through a 
semantic framework using FAIR principles 

Jasper Koehorst1, Jesse van Dam1,2, Edoardo Saccenti1, Vitor Martins dos Santos1, Maria Suarez-
Diez1, Peter Schaap1 

1Wageningen University & Research, 2Centre for Integrative Genetics (CIGENE), Department of Animal and 
Aquacultural Sciences, Faculty of Life Sciences, Norwegian University of Life Sciences 

 
Introduction: There are currently more than 130.000 sequenced genomes available from which 
considerable amounts of annotation data can be extracted. However, this information is often not 
interoperable, static, lacks provenance and is quickly outdated. Keeping these datasets up-to-date, 
and interoperable is a challenging and a computational intensive task. Using a Semantic Annotation 
Platform with Provenance (SAPP) we have made a significant step towards obtaining FAIR annotated 
genome data with provenance. Adding interoperability to functional genome annotations enables in-
depth analysis or comparative genomics at unlimited scales. Using open semantic data frameworks, 
unstructured phenotypic and other heterogeneous data sources can be incorporated making the data 
increasingly more valuable. 
Methods: SAPP accepts (non-) annotated sequence files which are converted into an RDF data 
structure using the GBOL ontology (Figure 1A). Within SAPP, structural and functional annotation is 
performed using a modular approach incorporating existing annotation tools for the detection of 
genetic elements and protein functions. The resulting annotation data and linked metadata are stored 
in a compressed graph database making the data directly interoperable. 
Results and Discussion: Large scale genomics requires a management system that links genomic 
data with provenance. SAPP reduces the complexity of genome analysis through the incorporation of 
semantic web technologies while capturing all information obtained through various annotation 
modules. It ensures that all data is consistent and accessible through a uniform and simplified 
approach enabling high throughput and large-scale research. SAPP functionalities are unique since 
none of the existing de novo annotation pipelines implement Semantic Web technologies. 
Interoperability and reusability of the data is ensured through direct linkage of data, computational 
predictions and associated metadata in a knowledge graph using GBOL, a strictly defined genome 
ontology. SAPP thereby fulfils the applicable requirements for data FAIRness. By using SPARQL 
federated searches, aggregated results across multiple domains including external resources, such 
as UniProt can be obtained (Figure 1B/C).  
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CRISPR/Cas9 mediated ablation of elovl2 in Atlantic salmon 
inhibits elongation of C20 and C22 omega 3 polyunsaturated 
fatty acids and affects transcriptional regulation of genes 
involved in fatty acid metabolism 

Alex Kojo Datsomor1, Nikola Zic1, Li Keshuai1, Erik O. Rolf1, Evardsen Rolf B.2, Anna Wargelius2, 
Per Winge1 

1NTNU, 2IMR 

 
Introduction 
Atlantic salmon can synthesize the omega-3 long chain polyunsaturated fatty acids (n-3 LC-PUFAs), 
eicosapentaenoic acid (EPA, C20:5n-3) and docosahexaenoic acid (DHA, C22:6n-3) via reactions 
catalysed by very long chain fatty acyl elongases (elovls) and fatty acyl desaturases (Fads) albeit to 
a limited degree. In-depth understanding of the molecular mechanisms of LC-PUFA biosynthesis 
and homeostasis has been proposed to be a pre-requisite for sustainable use of vegetable oils in 
aquafeeds as current sources of fish oils are unable to meet the increasing demands for n-3 LC-
PUFAs in fish feed.  
Methods 
Here, by generating CRISPR-mediated elovl2-ablated Atlantic salmon, we have shown that elovl2 is 
crucial for biosynthesis of DHA in vivo, and that endogenously synthesized LC-PUFAs are important 
for transcriptional regulation of lipogenic genes in Atlantic salmon. Using gas chromatography (GC) 
and GC-mass spectroscopy coupled with hepatocyte fatty acyl desaturation and elongation assay, 
we have shown that elovl2-ablated salmon have reduced levels of DHA, and an accumulation of 
EPA and docosapentaenoic acid (DPAn-3, C22:5n-3) in the liver, brain and white muscle, 
suggesting inhibition of elongation of the two elovl2 substrates. 
Results and discussion 
The impaired synthesis of DHA appears to induce hepatic mRNA expression of the lipogenic 
transcription regulator, sterol regulatory element binding protein-1 (SREBP-1) and some target 
genes including delta 6 fad-a (Δ6fad-a), delta 5 fad (Δ5fad) and fatty acid synthase-b (Fasb). The 
changes in LC-PUFA levels together with altered expression of hepatic lipogenic genes observed in 
the current study highlights the importance of elovl2 in biosynthesis and regulation of LC-PUFAs in 
Atlantic salmon 
 
  



Figures: 
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Structure-based design of FMN riboswitch ligands, a new target for 
antibiotics 

Thomas Wehler1, Illimar Rekand1, Muhammad Zeeshan1, Bengt Erik Haug1, Ruth Brenk1 

1University of Bergen 

 
Introduction: Riboswitches are cis-acting gene regulatory elements that are mostly found in 
bacteria.1 They are located in the 5' untranslated region of mRNAs and consist of an aptamer 
domain that binds the ligand, and an expression platform that controls the expression of the 
downstream gene. The extent of the regulation of gene expression is controlled by the concentration 
of small molecule ligands via the structure of the RNA. As such, they constitute novel targets for 
antibiotics. The best-validated example is the flavin mononucleotide (FMN). Using, a phenotypic 
screen, the compound ribocil was discovered.2 Subsequently, it was demonstrated that ribocil binds 
strongly to the FMN riboswitch and that the compound has antibiotic activity in a mouse model.  
The aim of the presented work is to more thoroughly explore the chemical space of FMN riboswitch 
ligands. The information will be used to guide the design of improved ligands with the goal to 
develop urgently needed antibiotics. 
Methods: Recently, we established a docking protocol for RNA molecules.3 Using this approach, 
we screened a virtual database of commercially available molecules for ligand-binding to the FMN 
riboswitch. The hits were subsequently extensively validated using biophysical methods to eliminate 
false positives.  
Results and Discussion: Screening our in-house database of more than 5 million commercially 
available compounds, resulted in a short list of 30 compounds that were purchased for experimental 
testing. One of the compounds (see figure) was confirmed to bind to the FMN riboswitch using 
isothermal titration calorimetry (ITC) and surface plasmon resonance (SPR) experiments. The hit 
has been re-synthesized and analogs are currently being pursued in order to probe structure-activity 
relationships and to improve the affinity.  
 

a) 

 . 

b) 

  

 

a) Chemical structure of the screening hit. b) The predicted 
binding mode of the screening hit in the FMN riboswitch 
RNA binding pocket. Nucleic acid residues are shown as 
grey cartoon, binding site residues are displayed with cyan-
coloured carbon atoms, the screening hit with orange-
coloured carbon atoms and FMN with purple carbon atoms. 
Hydrogen bonds are indicated as black dashed lines. 

 
References:  
(1)  Rekand, I.; Brenk, R. Design of Riboswitch Ligands, an Emerging Target Class for Novel Antibiotics. Future Med Chem 2017, 9 

(14), 1649–1662. 
(2)  Howe, J. A.; Wang, H.; Fischmann, T. O.; Balibar, C. J.; Xiao, L.; Galgoci, A. M.; Malinverni, J. C.; Mayhood, T.; Villafania, A.; 

Nahvi, A.; et al. Selective Small-Molecule Inhibition of an RNA Structural Element. Nature 2015, 526 (7575), 672–677. 
(3)  Daldrop, P.; Reyes, F. E.; Robinson, D. A.; Hammond, C. M.; Lilley, D. M.; Batey, R. T.; Brenk, R. Novel Ligands for a Purine 

Riboswitch Discovered by RNA-Ligand Docking. Chem. Biol. 2011, 18 (3), 324–335. 
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Production of the new local anesthetic neosaxitoxin using synthetic 
biology 

Dr Ralf Kellmann1, Angela Hertania Soeriyadi2, Prof Brett A. Neilan3 

1University of Bergen, 2University of New South Wales, 3University of Newcastle 

 

  
Introduction: Neosaxitoxin (neosax) is currently undergoing clinical trials as a long-lasting local 
anesthetic, which may eliminate the need for opioids post surgery. A major limitation in developing 
neosax as a medical drug is the lack of a sustainable production process. The molecule is too 
complex for chemical synthesis at any significant scale, and the natural producer organisms are not 
suitable for large-scale cultivation to produce the compound. We have previously identified the 
biosynthesis genes for neosax, and designed a synthetic gene construct to facilitate its production in 
E. coli through fermentation. 
Methods: Three transcriptional units (TUs) were designed, where the native operon structure was 
largely maintained. Each TU was equipped with a Pm promoter and terminator, and each gene fitted 
with a synthetic ribosomal binding site. The TUs were stably integrated into the genome of a 
modified E. coli BL21(DE3) strain, giving strain NSX. Production of neosax was evaluated by LC-
MS, ELISA, and the mouse neuroblastoma assay. 
Restults and discussion: E. coli NSX produced low levels of neosax (0.1 µmol/L), as determined 
by three independent assays (FigA). Depletion of intermediate 1 indicated that its production is a 
rate-limiting step, which is catalysed by SxtA using acyl-CoA, SAM, and L-arginine as precursors. 
Intermediate 1 production was 25-fold increased, when sxtA was expressed in a strain with a 
deleted acyl-CoA-consuming pathway (prp operon). In addition, an accumulation of intermediate 8 
under certain conditions indicated that carbamoyl phosphate may also become a limiting factor. 
Success with the heterologous expression of metabolic pathways remains unpredictable at present, 
often resulting in low or no yields. A major challenge is an absence of predictable genetic elements, 
which give control over the coordinated expression of multi-gene constructs in foreign hosts. Major 
advancements have been made in synthetic biology, including the capability of producing long DNA 
fragments, and recently how ribosomal binding sites and position specific synonymous codon usage 
can be used to design predictable genetic elements, and facilitate a higher proportion of correctly 
folded proteins. Currently, we are exploring metabolic engineering, and rational gene design to 
better the yield of neosax (FigB). 
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Combining computational and experimental methods to unravel the 
mechanism of an oxidative biomass degrading enzyme 

Bastien Bissaro1, Ingvild Isaksen1, Gregg T. Beckham2, Gustav Vaaje-Kolstad1, Vincent Eijsink1, 
Åsmund Kjendseth Røhr1 

1Norwegian University of Life Sciences, 2National Renewable Energy Laboratory 

 
Introduction: Lytic polysaccharide monooxygenases (LPMOs) are major players in biomass 
conversion, both in Nature and in the biorefining industry. How the mono-copper LPMO active site is 
positioned relative to the crystalline substrate surface and catalyze powerful, but potentially self-
destructive, oxidative chemistry is one of the major questions in the field. We have adopted a multi-
disciplinary approach, combining biochemical, spectroscopic and molecular modeling methods to 
study chitin binding and catalysis by the well-studied LPMO from Serratia marcescens SmAA10A (or 
CBP21). 
Methods: The orientation of the enzyme on a single chain substrate was determined by analyzing 
enzyme cutting patterns. Building on this analysis, molecular dynamics (MD) simulations were 
carried out to study interactions between the LPMO and three different surface topologies of 
crystalline chitin. The structural features observed in the models are consistent with electron 
paramagnetic resonance spectroscopic data. Finally, combined quantum mechanical/ molecular 
mechanical (QM/MM) calculations were employed to elucidate the minimum energy reaction path 
and enzyme reaction mechanism.   
Results and discussion: We have demonstrated how biochemical analysis of LPMO catalytic 
action can be used to assist the building of reliable enzyme-substrate models by reducing the 
number of possible starting molecular conformations. After extensive molecular dynamics 
simulations, we were able to analyze interactions between the LPMO and its crystalline substrate, 
revealing how evolutionary conserved amino acids secure tight binding. The LPMO-chitin 
complexes showed a well-defined LPMO-substrate association, which was reproducible for all three 
models, adding confidence to the data. The positioning of the LPMO on the crystalline surface 
brings the activated oxygen-species close to the hydrogen atom on the C1 atom of the scissile 
bond, which is compatible with the experimentally observed C1 specificity of SmAA10A. EPR 
spectra predicted on the basis of our models and experimentally determined EPR spectra for 
SmAA10A interacting with substrate were similar. Importantly, the models showed that the mono-
copper active site of SmAA10A is connected to the bulk solvent through a narrow tunnel that would 
allow diffusion of small molecules such as H2O, O2 and H2O2. The enzyme copper-site activates 
H2O2 and generate a reactive [CuO]+ oxyl species (Fig.1) that perform substrate hydrogen atom 
abstraction and subsequent substrate hydroxylation.  
 
  



Fig 1. 
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Remodelling the chemical defensome network– a dynamic 
visualisation of the involved genes and pathways in humans and two 
fish species 

Marta Eide1, Xiaokang Zhang2, Odd André Karlsen1, Pål Puntervoll3, Inge Jonassen2, Anders 
Goksøyr1 

1Dept. of Biological Sciences, University of Bergen, 2Computational Biology Unit, Department of Informatics, 
University of Bergen, 3Centre for Applied Biotechnology, Uni Research Environment 

 

The chemical defensome network of Atlantic cod (Gadus morhua). 

 

Introduction: The chemical defensome comprises an integrated network of gene families and 
pathways that together function to metabolize and eliminate harmful compounds. The network 
includes stress-activated receptors, biotransformation enzymes, transporting proteins, antioxidants, 
and metal- and heat-responsive genes, and are highly conserved from invertebrates to fish and 
mammals. However, evolved differences in defensome composition can greatly affect the innate 
responsiveness to chemical stressors, including environmental contaminants. Thus, the object of 
this study was to map the chemical defensome genes in Atlantic cod (Gadus morhua), zebrafish 
(Danio rerio), and humans.  
 
Methods: Using hidden Markov model profiles from the PFAM database, we searched the zebrafish 
and human genomes, as well as the newly curated Atlantic cod genome assembly, and identified 
the genes comprising the chemical defensome in these species. Furthermore, by using the protein-
protein interactions covered by the STRING database, we remodeled the complex network of genes 
and pathways involved in the chemical defense responses. 
 



Results and discussion: The remodeling of fish and human chemical defensome enables a 
dynamic visualization of these complex networks. Importantly, our model identifies important 
network nodes and critical pathways in these species. Moreover, our results highlight evolved 
differences in genes and pathways that can explain the species-specific responses to chemical 
stressors.  
 
Acknowledgements: This work is part of “dCod 1.0: decoding systems toxicology of cod (Gadus morhua) – 
environmental genomics for ecosystem quality and risk assessment” (project no.248840) and "iCod 2.0: 
Integrative environmental genomics of Atlantic cod (Gadus morhua)” (project no.244564/E40), funded by the 
Research Council of Norway and the University of Bergen. 
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Lipid accumulation and DHA synthesis in Aurantiochytrium sp T66, 
what is revealed by RNAseq? 

Helga Ertesvåg1, Tonje M. B. Heggeset2, Bin Liu1, Inga Marie Aasen2 

1Dept. Biotechnology and Food Science, NTNU -Norwegian University of Science and Technology, 2SINTEF 
Industry 

 

Introduction: Thraustochytrids are heterotrophic marine protists, and several genera, including 
Aurantiochytrium, is known to store large quantities of lipids as triacylglycerol (TAG). Some 
thraustochytrids incorporate the essential ω3 fatty acid (FA) docosahexaenoic acid (DHA), and DHA 
from thraustochytrids is already commercially available. In Aurantiochytrium spp. DHA is 
synthesized by dedicated enzymes and not by the fatty acid synthase (FAS). Lipids are formed in all 
growth phases, but lipid accumulation begins when growth is limited. Carbon not needed for 
maintenance may then be channeled to the FA precursor malonyl-CoA or energy (NADPH). The 
produced FA may be incorporated either in phospholipids (PL) or in TAGs. These three decision 
points determine the amount of TAGs and DHA found in a thraustochytrid cell. 
Methods: In this initial study a draft genome sequence was assembled for Aurantiochytrium sp. T66 
and automatically annotated using RNA-seq data and database comparisons (SWISSProt, KEGG, 
Genbank). For important pathways, the annotations were manually curated. During controlled batch 
fermentations (excess glycerol) with either nitrogen (N) starvation or oxygen limitation, samples 
were taken for analyses of lipid content and fatty acid composition. RNA was isolated for 
exponential phase (E), transition (N1), late lipid accumulation (N2) and oxygen limited cells (O). 
Results and Discussion: Genes putatively encoding most proteins needed for the central carbon 
metabolism as well as for FA, TAG and PL biosynthesis were identified. ATP dependent citrate 
lyase (ACL) is usually used to produce cytosolic acetyl-CoA. No protein homologous to known ACLs 
was, however, found in T66, which may encode a novel ACL, or use a different pathway. After N-
depletion, both the FAS and the DHA synthase gene expression were upregulated (Fig. 1). When 
O2 was limited, FAS, but not DHA, production, was lower.  



Since lipid accumulation increases when cell growth ceases, the change in the carbon flow does not 
necessitate any upregulation of the central carbon metabolism. However, the acetyl-CoA 
carboxylase gene, encoding the committing step in FA biosynthesis, and some genes in pathways 
providing NADPH were upregulated (Fig. 1).  
While most genes involved in the incorporation of FA into lipids retained their expression levels, a 
gene encoding a lipid droplet protein was upregulated during N-starvation. Channeling TAG into 
these organelles may pull the precursors towards lipid accumulation. 
 
 

 
Our data indicate that although T66 metabolism is similar to other oleaginous organisms, there are intriguing 
differences. In AurOmega this will be studied by performing a more complete omics study, knock-out studies, 
and analyses of enzyme activities.  
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Interoperable genome annotation with GBOL, an extendable 
infrastructure for functional data mining 

Jesse van Dam1,2, Jasper Koehorst1, Jon Olav Vik1,2, Maria Suarez-Diez1, Peter Schaap1 

1Wageningen University & Research, 2Centre for Integrative Genetics (CIGENE), Department of Animal and 
Aquacultural Sciences, Faculty of Life Sciences, Norwegian University of Life Sciences,  

Introduction: Managing the volume and variety of biodata enabled by recent technological 

advances is one of the major challenges in the Life Sciences. A prerequisite for direct and large 

scale functional comparisons of the information captured in sequence data is a consistent 

semantically interoperable annotation of the encoded genetic elements with evidence statements. 

i.e. the ability to exchange and operate on this data using generic Linked Data standards and 

domain-specific ontologies and vocabularies. The current standard exchange format however, 

provides limited support for evidence statements limiting data interoperability and hampering 

comparative analyses at large scale.  

Methods: To enable semantic interoperability of genome annotations, we have developed the 
Genome Biology Ontology Language (GBOL) and associated stack. GBOL provides a consistent 
representation of functional genome annotations linked to provenance. GBOL is modular in design, 
extendible and linked to existing ontologies. The stack of supporting tools enforces consistency 
within and between the GBOL definitions in the ontology and the Shape Expressions language 
describing the graph structure.  
Result and discussion: The main rationale for applying formalized information models on 

sequence data is the ability to exchange and operate on this data with unambiguous, shared 

meaning. GBOL uses and extends current ontologies to provide a formal representation of genomic 

entities, along with their properties and relations. The deliberate integration of data provenance in 

the ontology enables review of automatically obtained genome annotations at a large scale. The 

GBOL stack facilitates consistent usage of the GBOL ontology (Figure 1). We used the Faldo [1] 

ontology to store genetic loci information. We used and extended ProvO [2] to store provenance 

information. Whenever applicable terms are linked to the Sequence Ontology and SBOL. 

Associated to the ontology, we developed a schema validation based on the associated ShEx 

definition, resulting in a Java and R API. GBOL data is stored RDF. GBOL and its associated API 

have been used to develop SAPP a modular semantic annotation platform. 

 
References 
1. J.T. Bolleman, et al. “FALDO: a semantic standard for describing the location of nucleotide and protein 
feature annotation”. Journal of Biomedical Semantics, 2016. 
2. PROV-O: The PROV Ontology. https://www.w3.org/TR/prov-o/ 
3. JSON-LD 1.0 Processing Algorithms and API. https://www.w3.org/TR/json-ld-api/ 
4. YAML 1.2. http://yaml.org/ 
5.  SAPP: functional genome annotation and analysis through a semantic framework using FAIR 
principles Jasper J Koehorst Jesse C J van Dam Edoardo Saccenti Vitor A P Martins dos Santos Maria 
Suarez-Diez Peter J Schaap Bioinformatics, btx767, https://doi.org/10.1093/bioinformatics/btx767 
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Towards the evolution of cognition, decision making and behaviour 
in silico: The AHA model framework 

Dr. Sergey Budaev1, Prof. Jarl Giske1, Dr. Sigrunn Eliassen1, Prof. Christian Jørgensen1 

1University of Bergen 

Introduction: An organism has to respond adequately to challenges from its environment to survive 
and reproduce. Many traits display plasticity and variability. There are also modularity, genetic, 
developmental and other constraints. As a consequence, understanding adaptation and evolution 
requires integration of both proximate and ultimate mechanisms within a unified framework. Our 
approach is based on simulation of evolution in a large-scale agent-based model by genetic 
algorithm in a stochastic virtual environment. Using such models we try to understand evolution of 
decision making, cognition, emotion, behavioural plasticity, personality and elementary self-
awareness within specific environmental settings. 
Methods: AHA is a modelling framework based on the following design principles: (1) object 
orientation, (2) massive modularity, (3) extensibility; (4) transparency, (5) strictly local spatial 
interactions. The model constructs a virtual stochastic 3D environment with prey, predators and 
evolving agents. Each agent is programmed as a virtual organism with a genome, rudimentary 
physiology, hormonal system, cognitive architecture and behavioural repertoire. The cognitive 
architecture is based on the concept of the survival circuit: a pathway from perception of external 
and inner stimuli through their representation, appraisal, finally producing a specific internal state: 
emotion or motivation. These internal states serve as a common currency for decision making and 
compete to become the agent's dominant state. The agent selects behaviour from the behavioural 
repertoire depending on its dominant state. It is possible to implement several architectures differing 
in complexity, including those based on elementary self-awareness. Decision making and action 
selection in such agents are based on prediction of the agent’s own state. The behaviour of each 
agent affects growth and accumulation of resources for reproduction. Those agents that do best 
during their life cycle pass their genes into the next generation. The model thus simulates evolution 
by natural selection subject to proximate constraints from organismal biology and ecology. 
Results and Discussion: Our results suggest that modularity in the form of multi-layered 
architecture of adaptive traits results in high diversity, adaptability and evolvability of individuals. The 
AHA Model framework provides a powerful computational tool to study the evolution of behaviour, 
cognition, action selection and their modular organisation in a rigorous quantitative ecological 
perspective. 
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MECHANISM OF PALLADIUM AND GOLD UPTAKE AND 
REDUCTION IN E. COLI 

Nadeem Joudeh1, Jack Leo1, Eric Torgeman1, Dirk Linke1 

1University of Oslo 

Introduction: Bacteria use certain heavy metals in their systems, such as copper and nickel, which 
participate in many cellular processes. They have evolved special machineries to take up and 
transport these elements. Some bacteria were found to take up other precious heavy elements such 
as gold and palladium, which are toxic and not needed for metabolism. However, the reason for that 
and the mechanism of uptake/reduction of these elements are still unknown. 
Objectives: The biological pathway(s) of Pd and Au uptake and reduction will be elucidated. 
Computational modelling will be used to understand these complex pathways. Later, we will study the 
ability to manipulate this process genetically to make the bacteria take up larger amounts of elements 
to be used in future application, such as bioremediation.  
Methods: The proteins involved in these processes will be studied by characterizing transposon 
mutants found to affect both the uptake and the reduction processes. Then, mutations leading to either 
reduced or increased uptake will be sequenced, and related genes in the same pathway will be 
assayed for their involvement in this process. Electron microscopy and energy-dispersive X-ray 
spectroscopy will be used to characterize the changes in subcellular location of elements due to the 
introduced mutations. 
Conclusion: A debate whether this process is biological or not has been going for many years. Our 
recent results showed that this process is largely biological. Therefore, we can move to the next step 
and start to find out the proteins and pathways involved. 
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Virtual biological cell engineering: Differences and similarities in 
genome-scale metabolic models shown for the Pseudomonas case 

Christian Schulz1, Eivind Almaas1 

1Norwegian University of Science and Technology (NTNU) 

To design a new genome scale metabolic model, a variety of programs, software and tools are 
available to facilitate the detailed model building: to go through every reaction, metabolite and even 
through the genome to make estimates about missing genes.  
However, there exists already more than 150 publicly available high-quality curated models for 
bacteria, archaea and eukaryote, especially for the species that are of high interest in economic, 
health or basic research (e.g. Saccharomyces cerevisiae, Pseudomonas aeruginosa, Escherichia 
coli). Since the core metabolism is quite similar in many species, it is good research practice to have 
a close look at such models, particularly if the task is to reconstruct a metabolic network for a 
different strain of an already existing reconstruction. 
On http://systemsbiology.ucsd.edu are eight models available for S. cerevisiae, five models for E. 
coli and in case of P. aeruginosa, only one model. However, there are six reconstructions available 
for the species Pseudomonas. For choosing a model, it may be informative to use information about 
the number of “model genes”, “metabolites”, “reactions,” and their ratio might provide good hints but 
the original purpose of the model is what it is optimized for. Consequently, several questions are of 
interest before even considering using other models to build a new one. 

• Which model(s) are available and how far are they genetically from the new strain? 

• Which model(s) could be used as a basis? 

• Which model(s) shouldn’t be used as a basis? 

• What is the original purpose of these models? 

• What is the purpose of the new model? 

• Does it really reduce time and the workload to use old/other models? 

 
Additionally, crucial questions regards the chosen name spaces (KEGG, BIGG,…) for the existing 
reconstruction, as well as the model format (SBML, Excel,…) and even protocols (Mathlab, Python,…), must 
be considered while deciding whether to use existing models as a starting point. Here, I will discuss these 
questions for the Pseudomonas species.  

http://systemsbiology.ucsd.edu/
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Ecotoxicologial responses in Atlantic cod (Gadus morhua) after 
caging at a capped waste disposal site in Kollevåg, Western Norway 

Karina Dale1, Odd André Karlsen1, Fekadu Yadetie1, Marta Eide1, Siri Øfsthus Goksøyr1, Libe 
Aranguren1, Roger Lille-Langøy1, Hans Julius Skaug2, Jan Ludvig Lyche3, Mette Bjørge Müller3, 
Ketil Hylland4, Zhanna Tairova4, Merete Grung5, Anders Goksøyr1 

1Department of Biological Sciences, University of Bergen, 2Department of Mathematics, University of Bergen, 
3Department of Food Safety and Infection Biology, Norwegian University of Life Sciences, 4Department of 
Biosciences, University of Oslo, 5Norwegian Institute for Water Research 

The bay of Kollevåg was utilized as a waste disposal site by the city of Bergen from 1930 to 1975. 
After terminating the disposal, the garbage site was capped by sand and stone and reopened as a 
recreational area in 1983. However, despite additional measures to cover the waste, the surrounding 
sediment and biota are polluted. In this project, we wanted to investigate the possible effects of 
released contaminants using caged Atlantic cod. Juvenile cod (n=22) were caged at different locations 
in the Kollevåg area and at a reference location for six weeks (August - October 2016). During the 
sampling campaign, more than 1000 samples were collected from 82 fish. Sediment and tissue 
samples (bile and liver) were subjected to chemical analyses, which detected a gradient of exposure 
to contaminants, such as polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls 
(PCBs) among the four locations. Furthermore, liver somatic index (LSI) and k-factor were significantly 
decreased in fish from the innermost station compared to the reference station. Established 
biomarkers, such as vitellogenin (Vtg), heat shock protein 70 (Hsp70), biotransformation enzymes 
(Cyp1a, Gst, Cat), were quantified in several tissues. Surprisingly, whereas the enzyme activities of 
Cat and Gst were significantly reduced in the caged fish in the two innermost stations of Kollevåg, 
levels of Cyp1a and Vtg do not seem to be affected. Transcriptomics and proteomics analyses will be 
used to reveal more details on mechanisms behind the observed changes, so far reflecting a 
moderately polluted situation. 
 
The Kollevåg study is part of dCod 1.0 (Project no. 248840), a large project linked to Center for Digital 
Life Norway (DLN), financed by the Research Council of Norway (NFR). This work is also supported 
by Bergen municipality and by the iCod 2.0 project (Project no. 244564) funded by NFR. 
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A genome-scale reconstruction of Steptomyces coelicolor 
for heterologous expression 

Snorre Sulheim1, Tjasa Kumelj1, Alexander Wentzel2, Håvard Sletta2, Eivind Almaas1 

1Norwegian University of Science and Technology, 2SINTEF Industry 

Introduction: There is an urgent need for new antibiotics due to increase in the occurence of 
resistant bacteria, and the Streptomyces genus is known to produce two thirds of the antibiotics in 
clinical use. Streptomyces coelicolor is the model bacterium for this genus, and it has a large 
metabolic machinery supporting the production of five different antibiotics. Thus, it is assumed to be 
a good bacterium for heterologous expression of biosynthetic gene clusters. Heterologous 
expression of biosynthetic gene clusters requires the necessary precursor supply and consumption 
or secretion of byproducts. To increase the understanding of its metabolism and as a tool for strain 
engineering, we have developed an updated genome-scale metabolic model for S. coelicolor. 
Methods: We have used the metabolic reconstruction iMK1208 by Kim et al. [1] as a basis for this 
new genome-scale metabolic model of Streptomyces coelicolor. We used the older model 
iMA789 [2], in addition to existing literature, KEGG [3] and BioCyc [4] to add new knowledge. 
To perform this, we first mapped the reactions in both iMA789 and iMK1208 to KEGG identifiers. 
The metabolic formula of the metabolites added from KEGG and iMA789 have been 
changed from neutral to the charged formula at pH 7.0 using eQuilibrator [5]. The model has 
been developed and tested using the COBRApy [6] module in python. 
Results and Discussion: We have created a new genome-scale metabolic model for Streptomyces 
coelicolor which includes 1317 genes, 2118 reactions and 1581 metabolites. This is a significant 
increase in both the number of reactions and genes compared to previous reconstruction [1], and 
the additional genes are associated with most of the important pathways (Figure 1). The model is 
well mapped to KEGG [3] and this increases the value and re-usability of the model. 
 
The recent transposon mutagenesis study by Xu et al. [7], together with existing literature, 
has enabled an extensive evaluation of the model performance (Figure 2). Our model predicts 
the correct phenotype in 76.7% (161 / 210) of the experimental conditions in a binary comparison 
with experimental growth data for the wild-type and knockout-mutant strains. Most of the erroneous 
predictions (46 / 49) are related to the comparison with the transposon mutagenesis study. 
However, the knockout mutants were grown on a complex medium and this reduce the value of the 
data, because we then must assume that all carbon and nitrogen sources are available when we 
perform experiments in silico. 
 
References: 
[1] Kim et al., Biotechnology Journal 9.9 (Sept. 2014), pp. 1185–1194. 
[2] Alam et al., BMC Genomics 11.1 (2010), p. 202. 
[3] Minoru Kanehisa and Susumu Goto, Nucleic acids research 28.1 (2000), pp. 27–30. 
[4] Ron Caspi et al., Nucleic acids research 44.D1 (2015), pp. D471–D480. 
[5] Flamholz et al., Nucleic acids research 40.D1 (2011), pp. D770–D775. 
[6] Ebrahim et al., BMC systems biology 7.1(2013), p. 74. 
[7] Xu et al., Applied and environmental microbiology 83.6 (2017), e02889–16. 



Figure 1: The distribution of the 
additional genes in iKS1317 compared 
to iMK1208 into the different major 
pathways defined in KEGG. Several 
genes are associated with more than 
one pathway.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2: A confusion matrix comparing the 
predictive performance of the two most 
recent genome-scale metabolic model of S. 
coelicolor, iMK1208 and iKS1317 

 

.  
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Structure and dynamics of a multi-domain lytic polysaccharide 
monooxygenase 

Gaston Courtade1, Zarah Forsberg2, Ellinor B. Heggset3, Vincent G. H. Eijsink2, Finn L. Aachmann1 

1NTNU Norwegian University of Science and Technology, 2NMBU Norwegian University of Life Sciences, 
3RISE PFI AS 

Introduction: Lytic polysaccharide monooxygenases (LPMOs) are copper-dependent enzymes that 
bind to the crystalline surface of polysaccharides (e.g. chitin and cellulose) and cause cleavage of β-
1,4 glycosidic bonds by an oxidative mechanism. ScLPMO10C is a cellulose-active LPMO that 
produces C1-oxidized chain ends (i.e. aldonic acids). This LPMO is composed of an N-terminal AA10 
catalytic domain that is connected by a linker of approximately 30-amino acids with low sequence 
complexity to a C-terminal family 2 carbohydrate-binding module (CBM). Our current understanding 
of LPMO activity is much focused on the catalytic mechanism, while the role of CBMs and linker 
regions in LPMOs is still poorly understood. 
 
Methods: NMR spectroscopy have been used to the structural and dynamic features of full-length 
ScLPMO10C. The substrate binding surfaces of ScAA10 and ScCBM2 were mapped by using 
cellulose nanofibrils. The dynamic features for both the individual domain as well as the full-length 
enzyme were characterized at the ps-ns time scale by NMR relaxation measurements. 
 
Results and Discussion: The structure of the full-length carbohydrate-active enzyme was 
calculated based on secondary chemical shift data and distance constrains showing that it has an 
extended flexible linker. The carbohydrate binding domain overall enhances the interaction with the 
cellulose nanofibrils. We discuss how the structure and dynamic features of full-length ScLPMO10C 
guide its biochemical activity. 
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Hamiltonian Monte Carlo sampling method for estimating distribution 
of steady state fluxes 

Shirin Fallahi1, Hans J. Skaug1, Guttorm Alendal1 

1University of Bergen 

Introduction: Metabolic networks are typically large scale and dynamical modelling of such reaction 

pathways include detailed kinetic data of all reactions. However, this classic approach suffers from 

lack of experimentally determined kinetic parameters. In recent decade, a constraint based 

approach has been used extensively to answer some biological questions tackling the difficulties 

regarding to kinetic data. It is a technique to study the ow of the metabolites through a metabolic 

network by imposing the steady state condition on the system. The steady state assumption and flux 

capacity constraints for a metabolic network consists of metabolites and reactions can be 

mathematically described as 
𝑑𝒙

𝑑𝑡
= 𝑆 𝐯 = 𝟎, 

𝐯𝑙𝑏 ≤ 𝐯 ≤ 𝐯 

where 𝒙 ∈ ℝ𝒎 and 𝐯 ∈ ℝ𝒏 are vectors of the concentrations of metabolites and flux rates, respectively. 
The matrix 𝑆 ∈ ℝ𝒎×𝒏 known as stoichiometric matrix represents the structure of the network [2]. This 
system defines a solution space which is bounded and convex and it includes all possible fluxes 
through the network. This system is an undetermined system, since the typical case is 𝑛 > 𝑚 ,, 
therefore it does not have a unique solution. Sampling-based Bayesian statistical methods can give 
us estimated probability distribution of feasible steady sate fluxes of the network. Monte Carlo Marko 
Chain (MCMC) sampling techniques are extensively used to generate the samples, however these 
methods are computationally expensive and their convergence may be slow and the accuracy 
depends on the number of samples. 
Methods: Monte Carlo method based on Hamiltonian dynamics has been shown to sample more 

efficiently than standard MCMC by avoiding random walk behaviour in MCMC. In this method, the 

variables of the system will be doubled by introducing an artificial variable, momentum variable, and 

consequently the state space will be extended. In this set up, the system is described by a function 

called the Hamiltonian which taken to be the sum of potential and kinetic energy of the system. In 

Bayesian statistic the negative log of posterior distribution of the steady state fluxes is translated to 

a potential energy, and the kinetic energy as a function of momentum is defined such that the 

momentum variable has a zero-mean multivariate Gaussian distribution. In this study, we also used 

the posterior distribution of the steady state fluxes presented in [1]. 

Preliminary Result:The HMC method for sampling from solution space is implemented in R using 

Rstan package and it is tested on a toy model. Comparing the result with the sampling by MCMC [3] 

reveals that HMC perform better in terms of computational time and accuracy of estimations. 

Furthermore, we aim to apply this method for real biological networks with larger dimensions. 
[1] Alfredo Braunstein, Anna Paola Muntoni, and Andrea Pagnani. An analytic approximation of the feasible space of 
metabolic networks. Nature communications, 8:14915, 2017. 
[2] Bernhard Palsson. Systems biology: constraint-based reconstruction and analysis. Cambridge University Press, 2015. 
[3] Sharon J Wiback, Iman Famili, Harvey J Greenberg, and Bernhard Palsson. Monte carlo sampling can be used to 

determine the size and shape of the steady-state space. Journal of theoretical biology, 228(4):437-447, 2004.  
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Correlation of mRNA and protein levels in colorectal cancer cell lines 

Fatemeh Zamanzad Ghavidel1, Inge Jonassen1, Alvis Brazma2 

1University of Bergen, 2European Bioinformatics Institute EMBL-EBI 

Introduction: The central dogma of molecular biology describes the translation of genetic information 

from mRNA to protein level. However, comparative reports have shown that the correlation between 

mRNAs and protein levels can be relatively weak or moderately positive and they vary between 

experiments and organisms. Several biological factors, e.g., post-translational modifications were 

identified which influence the correlation. Therefore, considering only gene's mRNA level might be far 

from perfect in predicting its protein expression level. 

Methods: In this work, we performed a correlation analysis to examine the central dogma of biology 

and look for similarities and differences between protein and gene expression in cancer cell lines. We 

examined a comprehensive correlation study between the protein profiles (7000 protein 

measurements) of 50 colorectal cancer cell lines and their corresponding gene expression levels from 

two public data bases: Cancer Cell Line Encyclopedia (CCLE) and Sanger Genomics of Drug 

Sensitivity in Cancer Project (GDSC). We studied genes with discordance/concordant gene and 

protein expression levels. This information has important implication for diagnosis and therapeutic 

targets. Furthermore we will extend our initial analysis to explore predicting protein levels from extra 

features of mRNA and genetic data.  

Results and Discussion: For each cell line, transcriptomic samples were paired with a corresponding 

proteomic measurement. A Spearman correlation was calculated for each pair. We found out 

moderate cell line–specific correlation (median Spearman’s r = 0.59). Highly variable mRNAs tend to 

correspond to highly variable proteins (Spearman’s r = 0.68), although with a wide distribution. 

Notably, several genes, including TP53, displayed high variation at the protein level despite the low 

variation at the mRNA level, implication significant post-transcriptional modulation of their abundance. 

Gene-protein specific Correlation indicates a GO- dependent concordance of protein/mRNA 

expression.  
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Intracellular metabolite profiling of Streptomyces coelicolor A3(2) 
during antibiotic production in nutrient stressed batch fermentation 

Kanhaiya Kumar1, Alexander Wentzel2, Per Bruheim1 

1NTNU Department of Biotechnology and Food Science, 2SINTEF Industry Dept. Biotechnology and 
Nanomedicine 

Introduction: One task of the Centre for Digital Life Norway project INBioPharm is to develop 

optimized Streptomyces Superhost strains for heterologous production of new bioactive compounds 

by using Systems and Synthetic Biology approaches. One important experimental input to this task 

will be the generation of high resolution quantitative metabolite profiles of the Streptomyces host 

production strains. Streptomyces coelicolor is a well-known model microorganism for the production 

of different types of antibiotics, especially actinorhodin and undecylprodigiosin. Previously, cultivation 

of Streptomyces coelicolor A3(2) in SSBM medium consisting of two carbon sources, D-glucose and 

L-glutamate, was found ideal to perform metabolite profiling studies. In this study, wild type strain 

M145 of Streptomyces coelicolor A3(2) and its mutant strain M1146 with the biosynthetic gene 

clusters producing four main antibiotic producing pathways deleted, were used to study metabolic 

switching from primary to secondary metabolism. 

Methods: Streptomyces strains were cultivated in controlled batch under L-glutamate and phosphate 

nutrient stressed condition (SSBM medium). Intracellular actinorhodin and extracellular blue pigment 

( -actinorhodin) and undecylprodigiosin were measured spectrophotometrically. Glucose and other 

extracellular components were measured using HPLC, while the other main carbon and nitrogen 

source L-glutamic acid was quantified with UPLC-MS/MS. Intracellular metabolite pools were 

quantified using several MS/MS based methods; i.e. two UPLC-MS/MS methods for amino acids and 

organic acids, a capIC-MS/MS method for nucleotides, sugar phosphate and other 

phosphometabolites. 

  



 

 
Results and Discussion: Fermentation data (on-line and off-line) were used for mass balance, 

growth and production kinetics analysis (see Figure). SSBM medium coupled with either L-glutamate 

or phosphate limitation triggered antibiotics production. Contrary to phosphate limitation, nitrogen 

limitation triggered the stringent stress response as shown by a sharp decline in the CO2
 production 

upon depletion of L-glutamate. HPLC data revealed the complete absence of acidic compounds such 

as acetic acid and succinic acid in the broth during antibiotic production phase. This was corroborated 

with continued production of acetic acid and succinic acid during the cell growth cycle of the mutant 

M1146 strain. The poster will present results from complete profiling of the intracellular primary 

metabolite pools.  
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SAPP-salar: Functional annotation interface for Atlantic salmon. 

Fabian Grammes1, Jasper J Koehorst2, Róbert A Hafþórsson1, Jesse van Dam2, Arne Gjuvsland1, 

Jon Olav Vik1 

1NMBU, 2WUR 

 

SAPP-salar: Functional annotation interface for Atlantic salmon. 
Introduction  
The DigiSal project aims to provide a mathematical model of the metabolic reaction network of 
Atlantic salmon. The model will broaden our understanding of metabolic and regulatory processes 
and how these are connected to changes in the diet. Thus it will be possible to predict, rather than 
test, the physiological effects of different feed compositions on salmon. However, a precondition to 
build any metabolic model is to have access to a comprehensive functional annotation of the 
corresponding genome. In order to provide this information for the recently published salmon 
genome we have developed SAPP-salar, a web-interface to the salmon functional annotation. 
Methods 
SAPP-salar has been developed (using R shiny) as a user-friendly web-interface to a SPARQL-
database generated via SAPP (Koehorst et al. 2017). The database holds genome specific 
information (such as gene positions and sequences for transcripts or proteins) as well as functional 
annotation for these sequences, generated by multiple bioinformatics tools such as: InterProScan, 
TMHMM (prediction of transmembrane helices), WolfPSort (prediction of subcellular location), 
EnzDP (enzyme commission number prediction) and many more. 
Results and Discussion 
SAPP-salar is to our knowledge the first application allowing the integrated study of functional 
annotation information for salmon. The database structure facilitates integration with other 
databases such as UniProt, GO, etc. making it easy to expand if needed. Furthermore the 
application serves as the gateway for the manual curation of Atlantic salmon genome annotations in 
a traceable manner. 
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National Algaepilot Mongstad, Norway – Production of microalgae 
for aquaculture 

Dr. Dorinde M.M. Kleinegris1, Dr. Jeroen H. de Vree2, Dr. Hans T. Kleivdal1,2 

1Uni Research Environment, 2University of Bergen - Department of biology 

 
 
Introduction: The National Algaepilot Mongstad (NAM) is the algae production test facility owned 
by the University of Bergen. Goal is to produce different microalgae species and optimize the 
production process for the production of a.o. aquafeed, transforming CO2 captured by the co-sited 
Technology Centre Mongstad in the process. The pilot facility was built in 2017, and 18 million 
Norwegian kroner were invested in the center. The pilot facility is used for up-scaling the microalgae 
cultivation work of the microalgae research group in Bergen, which is a close collaboration between 
Uni Research AS and the Biology Department of the University of Bergen. The microalgae group 
focusses on the development of a commercial and sustainable production chain for the industrial 
application of microalgae, for various applications such as feed for e.g. aquaculture, food products 
and chemicals. We work on bioprospecting, strain selection and optimization, and microalgae 
cultivation and process optimization. For bioprospecting, we make use of the interesting inhabitants 
of the local fjords and cold coastal Arctic waters, looking for cold-adapted species high in omega-3 
fatty acids (>3% of DW) and other interesting components. For the most promising species, we work 
on process optimization in the lab, and the further scaling up to our pilot plant where we can 
produce 100’s of kilos of biomass for further processing and testing. Most of our research projects 
are interdisciplinary, aiming at the integration of the full production and processing chain of 
microalgae into final products, including the use of waste streams as nutrient sources. This 
encompasses captured CO2 from flue gas, but also recovery of nutrients from waste streams from 
aquaculture (fish manure), insect production (insect manure) and municipality waste (run-off liquid), 
where we achieved promising results. Together with industrial partners in food and feed processing, 
such as Nofima, and in the aquaculture sector (o.a. EWOS Cargill, Grieg Seafood, Salmon Group, 



Marine Harvest and Lerøy), we produce and process microalgal biomass into aquafeed and perform 
feed trials to determine the suitability of omega-3 rich microalgae to replace fish oil and fish meal. 
Finally, we use techno-economical modelling and life-cycle analysis to determine the current and 
future sustainability of the process, economically and environmentally. 
 

 
Photo 2 (2 persons): courtesy of Thor Brødreskift for UiB 
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Building a whole-body model of human tryptophan metabolism to 
improve patient stratification and treatment 

Anne-Kristin Stavrum2, Jörn Dietze1, Pål Puntervoll2, Mathias Ziegler2, Ines Heiland1 

1UiT Arctic University of Norway, 2University of Bergen 

Introduction: The essential amino acid tryptophan is utilized in various metabolic routes including 
protein, serotonin and melatonin synthesis, the kynurenine pathway and the de novo synthesis of 
NAD. Imbalances in these pathways have been associated with several neurodegenerative 
diseases and alterations of immune response in different types of cancer. 
 
Methods: We have constructed a comprehensive mathematical model of human tryptophan 
metabolism based upon existing kinetic data for all enzymatic conversions and transporters. By 
integrating patient-specific expression data, we are able to resemble known changes in tryptophan 
metabolism in different diseases and are for example able to predict differences in tryptophan 
metabolite concentrations between different groups of breast cancer patients that are in accordance 
with measurements in blood. 
 
Results and Discussion: Using tissue specific expression data and connecting the resulting tissue 
specific models of tryptophan metabolism, we predict considerable impact of the kynurenine 
pathway in peripheral tissues such as liver on the concentrations of neuroactive derivatives in the 
brain. This metabolic crosstalk between tissues can explain observed treatment effects and point to 
the potential importance of metabolic alterations in peripheral tissues on brain function. Moreover, 
integrating metabolite transport characteristics in blood, we are able to resemble observed 
metabolic shifts in kidney failure patients.  
These results are important steps towards a whole-body model of human tryptophan metabolism 
and show the predictive capacity and potential applications of the model for patient stratifications, 
treatment predictions and how the model can contribute to unravel disease mechanisms. 
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Reconstruction of whole-genome metabolic model of Atlantic salmon 
Salmo salar (SALARECON) 

Dr. Maksim Zakhartsev1, Dr. Jon Olav Vik1, Dr. Fabian Grammes1, Yang Jin1, Filip Rotnes1 

1NMBU 

Introduction: Atlantic salmon Salmo salar is Norway's main livestock and the biggest export 
commodity after the oil. Currently, the plant feedstock is the main feed for the farming salmon, 
consequently, it influences both growth rate and quality of the fish biomass. The whole-genome 
(WG) metabolic model of S.salar (SALARECON) will allow multifactorial optimization of the fish 
growth conditions by means of a diet for the application in salmon farming. Special interest will be 
paid to the optimization of fat yield and growth limitations due to dietary amino acids. The 
reconstruction of WG metabolic model requires integration of available genomic, biochemical, and 
physiological information.  
Methods: The genome and metabolic information are available at NCBI and KEGG. The 
SALARECON is the integrated stoichiometric model that describes steady state growth of the 
biomass. The reconstruction workflow includes: (i) Gene-Protein-Reaction associations (GPRs) 
using in-house SAPP system; (ii) network setup and network topological analyses; (iii) Flux Balance 
Analysis for optimization of the network using Insilico Discovery package. The model allows 
integration of high-throughput experimental omics-data (transcriptomics, proteomics, metabolomics). 
Results and discussion: The model integrates all important biochemical reactions/pathways that 
lead to polymerization of major biomass constituents: proteins, carbohydrates, fats/lipids, 
polynucleotides. The modeling methodology is based on energy-centric approach because energy- 
and redox-balances in different subcellular compartments play a central role in coupling and 
harmonizing activities of different metabolic modules and pathways. The energy costs for the ion 
balance is one of the main contributor to the maintenance costs. The model will be optimized for two 
osmotic scenarios: fresh and sea waters.  
Currently, the SALARECON integrates 311 transformer steps (performed by products of 931 
genes), 255 balanced compounds belonging to 56 pathways which are allocated in 3 compartments. 
For the network reconstruction, the in-house developed SAPP system is used to predicts GRP 
associations as well as subcellular compartment localizations of the corresponding biochemical 
reactions. 
The model aims to optimize a whole range of possible diets of farmed salmon. Exact formulation of 
the biomass composition (model’s output) defines the input fluxes through the network of reactions, 
which are compared with experimentally measured dietary requirements. The model is validated 
using variety of experimental omics-data.  
Figures:  
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NORBIS, the national research school in bioinformatics, biostatistics 
and systems biology 

Christine Stansberg1, Manuela Zucknick2, Inge Jonassen1 

1University of Bergen, 2University of Oslo 

Introduction: NORBIS is the Norwegian national research school in bioinformatics, biostatistics and 
systems biology. The school is a collaborative effort between eight Norwegian universities, and 
provides a supportive network for all PhD candidates that work within computational molecular life 
sciences.  
Our research school offers advanced and relevant PhD courses, workshops, summer schools and 
conferences, where participants will learn new methodologies and also meet colleagues with similar 
or complementing expertise. Our courses are methods-based, and range from classical algorithms 
in bioinformatics to metagenomics, statistical prediction and metabolic pathway analysis. We fully 
fund attendance at all our events for our members. We further offer international travel grants, for 
three to six months research stays in collaborating groups abroad. To continuously develop our 
portfolio, we have regular open calls for organising courses and workshops for us, with generous 
financial and administrative support. 
NORBIS is open for all PhD candidates with an interest within our fields. The slight majority of our 
members have a computational background, but we also have a large number of experimentalists 
aiming to move in a more computational direction. Many of our events are highly interdisciplinary, 
and we have members from a large variety of fields, such as evolutionary biology, genetics, 
molecular biology, clinical genomics, marine sciences, metagenomics and systems biology. We 
strive to ensure the education of a new generation of computational methods-oriented researchers, 
to face the ever-growing amounts of data generated within molecular life sciences. 
Figures: 
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clusters, and identification of novel bioactive compounds by multi-
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Liles2, Dr. Megan Sandoval2, Dr. Damien Waits2, Dr. Marnix Medema3, Dr. Jorge Navarro Munoz3, 
Dr. Antonio Fernandez-Guerra4, Dr. Alexander Wentzel1 

1Department of Biotechnology and Nanomedicine, SINTEF Industry, 2Department of Biological Sciences, 
Auburn University, 3Wageningen UR, 4Jacobs University 

Introduction: Microorganisms isolated from nature are the source of most antibiotics used today. 
However, recent spreading of antibiotic resistance among pathogenic bacteria has enforced an 
urgent need of new strategies for rapid discovery of new bioactive compounds. SINTEF and the 
Norwegian University of Science and Technology, NTNU, have established a unique national 
collection of marine Actinobacteria isolates of which a selection has been whole genome sequenced 
and numerous biosynthetic gene clusters (BGCs) revealed. In the DLN project INBioPharm, we aim 
to heterologously express a large number of these BGCs and develop new methods for the 
identification of the corresponding products by integration of mass spectrometry (MS) data with 
genome analysis data in multi-omics based networks. 
Methods: High molecular weight DNA, covering entire BGCs from selected Actinobacteria is 
isolated and cloned either by a targeted or a random approach. The resulting large DNA insert 
libraries are transferred from E. coli into a Streptomyces coelicolor production host by triple mating 
conjugative transfer. The clones are cultivated, and extracts are screened for bioactivity using the 
SINTEF screening platform. Active extracts are analysed using advanced MS analysis, and 
compounds are identified using a workflow for multi-omics integration developed in the INBioPharm 
project.  
Results: Methods for cloning of BCGs in E. coli and transfer of them to S. coelicolor have been 
established, and the technology will now be further optimized for high throughput cloning and 
transfer. Further, a workflow for LC-QTOF-MS analysis and integration of derived data with 
bioinformatics data has been developed. The outcome of this workflow is two networks, one of 
which integrates compound predictions from MS data with compound predictions from genome 
sequences using antiSMASH. The other network is clustering MS2 data based on fragmentation 
pattern similarity and integrates this with UV absorption data. A prototype of the networking 
approach has been developed and shown to be capable of handling the potentially extremely 
tedious data processing of mass spectroscopy analyses in a more efficient and targeted manner. 
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Introduction: In the frame of extensive bioprospecting activities by SINTEF and NTNU, a unique 
national collection of Actinobacteria strains from the Trondheim fjord has been built, and more than 
1200 strains from this collection have been genome sequenced using high throughput Illumina 
sequencing. Two projects of the Centre for Digital Life Norway, INBioPharm and OXYMOD, aim at 
exploiting the richness of the genetic potential of those strains towards different areas of application. 
Dedicated data mining and analysis platforms are being developed to discover potentially novel 
biosynthetic gene clusters (BGCs) for the synthesis of bioactive compounds for biopharmaceutical 
applications (INBioPharm) and novel enzymes and enzyme systems for the more efficient 
depolymerization of lignocellulosic biomass (OXYMOD). 
Methods: An important basis for success in the INBioPharm project has been the development of 
efficient solutions for data mining and data integration so that genome sequences of isolates can be 
evaluated more rapidly and targeted, and data from different 'omics analyses can be integrated for 
identification of novel compounds. In the OXYMOD project, workflows for discovering novel redox 
enzymes/enzyme systems in the genomes of the genome-sequenced Actinobacteria are being 
developed and applied based on both existing bioinformatics tools and new in-house solutions. 
Results and discussion: In the INBioPharm project, a set of advanced bioinformatics tools has 
been selected, implemented, integrated, and applied to in depth assess the taxonomic and 
functional diversity of the selected isolates and rank them with respect to taxonomic novelty and the 
presence of BGCs with an improved potential to encode novel bioactive compounds. The majority of 
predicted BGCs was found to belong to the classes of NRPS and PKS, but BGCs of many other 
secondary metabolite classes were also detected (Fig. 1). For further work in the project, bioactivity 
profiles of the strains against pathogenic fungi and Gram-positive and Gram-negative bacteria have 
also been taken into consideration. Integration of bioinformatic compound prediction based on BGC 
sequences, and advanced MS1- and MS2-based chemical analyses will be instrumental in the effort 
to identify and describe novel secondary metabolites with antibiotic properties and high medical 
potential. 
Preliminary results of data mining activities in the OXYMOD project have provided a large number of 
carbohydrate-active enzyme (CAZymes) candidates of diverse classes (Fig. 2). The data are 
currently being analyzed in depth to predict potentially novel redox enzyme systems which will be 
subsequently modelled, expressed, and characterized. 



 
Figure 1: Types of BGCs predicted by antiSMASH 



 
Figure 2: CAZy families detected in the strain collection 
 

  



27 

A Bayesian approach to modelling anti-cancer drug interactions 

Andrea Cremaschi1, Manuela Zucknick2, Kjetil Tasken1, Arnoldo Frigessi2 

1NCMM, 2University of Oslo 

                              
Introduction: Two drugs administered simultaneously may have different effects on the same kind 
of cell culture if compared with the corresponding monotherapy versions. In terms of viability, two 
drugs at doses x1 and x2 with effects y1 and y2 when combined can yield the effect yc, 
representative of synergy or antagonism, evading the intuitive “additive” behavior. A primary issue is 
to establish a reference value representing the condition where the compounds do not interact, also 
called baseline level y0. Several heuristic approaches have been proposed in the literature based on 
mathematical modelling, to evaluate y0. y0 is compared with the responses yc, quantifying the 
amount of interaction as fint = yc - y0. These approaches rely on modelling assumptions, and may 
provide conflicting outcomes in several situations. 
Methods: The data are viability percentages from experiments involving two compounds at a time. 
We propose to model the data using a flexible regression model, where the expected value depends 
on the doses of each compound used in the combined experiment. The model distinguishes 
between a baseline term, representing the response obtained when there is no interaction (using a 
probabilistic approach), and a flexible term modelling the pure interaction (a B-spline surface). We 
use a Bayesian framework, and posterior computations and estimations are obtained via adaptive 
MCMC algorithm. 
Result and discussion: The proposed model is firstly tested in comparison with existing methods 
(e.g., the Bliss, Loewe, or ZIP methods), showing good performance on a wide range of simulated 
scenarios. The model is also used to fit original data from combination experiments and it is able to 
offer estimates of both the baseline and the interaction terms. The Bayesian approach provides an 
easy way to compute posterior estimation and prediction via MCMC.  
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Introduction: Many antibiotics produced by microorganisms isolated from nature are currently 
losing their function due to rapidly spreading antibiotic resistance among pathogenic bacteria. 
Therefore, there is an urgent need to develop new strategies capable of discovering new bioactive 
compounds more rapidly and with lower re-discovery rates. The Digital Life Norway project 
INBioPharm applies a combinatorial approach of integrating bioactivity data of a unique national 
marine Actinobacteria strain collection at SINTEF/NTNU with multivariate data analysis of genome 
sequences in order to gain new insight into the strain collection with respect to its potential to yield 
novel bioactive compounds for medical applications.  
Methods: Extracts originating from the marine library was screened against different medically 
relevant pathogens to obtain a biological activities profile. To complement this information, a set of 
advanced bioinformatics tools has been implemented in INBioPharm. Those tools include a local 
instance of antiSMASH on a high-performance computing platform, an implementation of t-
distributed stochastic neighbour embedding (t-SNE) method for clustering the strains based on their 
diversity of different BGC types, and a phylogenetic diversity analysis of more than 90 house-
keeping genes. 
Results and discussion: Many BGCs are not expressed in the native host under laboratory 
conditions or expressed at such low levels that derived compounds are difficult to detect in 
bioactivity screening. Detailed analysis of genomic sequences provides additional and 
complementary insights into the metabolic potential of these isolates to discover so-called cryptic 
BGCs. On more than 1200 genome sequences of marine Actinobacteria strains, obtained by 
Illumina shotgun sequencing, a t-SNE implementation was employed to group the strains into 44 
clusters based on their diversity of different BGC types. Candidate strains from each of these 
clusters were further chosen based on the combined information of previous bioactivity screening 
and a detailed assessment of phylogenetic diversity by analysis of more than 90 house-keeping 
genes. The combination of the resulting new molecular knowledge about the metabolic potential of 
the strains with previously observed bioactivities was used to derive a priority list of isolates with 
respect to both taxonomic and biosynthetic gene cluster (BGCs) novelty. 80 candidate strains that 
are now being processed further by long-read sequencing (PacBio/Nanopore) for genome closure 
and complete BGC sequence determination, as well as random and targeted BGC cloning and 
expression in Streptomyces host strains that are also currently being developed in INBioPharm. 
  



Figures: 

 
Figure 1: SINTEF/NTNU marine Actinobacteria strain collection 

 
Figure 2: Bioinformatics tools to efficiently assess the taxonomic and functional diversity of the 
isolates. 
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INTRODUCTION: This work aims for fabricating 3D semi-synthetic environment analogues to the 
ECM relevant for the in vitro study of macrophage migration during infections as well as the formation 
of interconnecting networks of neurons. The PhD project is connected to the DLN 3DLife project in 
optimizing alginate hydrogels for soft tissue culture. The first part is to fabricate the hydrogels and 
investigate the effect of alginate concentration, and grafting of the peptides on their mechanical 
properties and gelation kinetics. This enables us to tailor the mechanical properties of the ECM suited 
to the cells. Furthermore, migration of the macrophages using bacteria as an attractant will be studied. 

Methods: Laminaria hyperborea stipe alginate (Mw=274000 g/mol , FG=0.68) was grafted with 
GRGDSP peptides by 8% oxidation followed by a reductive amination as described before.1 The gels 
were made by adding 15mM CaCO3 to the 1.0% alginate solution followed by addition of 30mM 
glucono delta-lactone (GDL). The elastic modulus (G´) and gelation kinetics was evaluated by Kinexus 
Rheometer (Malvern instruments, Uppsala) using a 2cm flat probe and a flat plate.  

Results and discussion: The elastic modulus versus time was measured. Here, oxidized alginate 
(8%) without peptide was used in the first tests to optimize the system. Oxidation of alginate during 
the grafting process reduces the mechanical strength of the gels, but shear modulus is still within the 
relevant range of many tissues.2  

Fig. 1: Shear modulus of 1.0% (w/v) Ca-Alginate gel 
(blue) 100% Laminaria hyperborea alginate and (red) 
25% Laminaria hyperborea alginate mixed with 75% 

oxidized alginate.  
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Introduction: Metabolic modeling requires iterative testing under a variety of different conditions 
with careful accounting of metabolite input and output, a feat that is both costly and time-consuming 
using traditional feeding trials. To overcome this, we have developed an in vitro system using 
precision cut liver slices (PCLS) to test the effect of altered dietary fatty acid composition on hepatic 
metabolism in a high-throughput and cost-effective manner. With our PCLS system, dozens of 
dietary combinations can be tested simultaneously on a single fish in less than one week. In this 
investigation, we aim to optimize culture conditions for metabolic studies by mimicking the hormonal 
and dietary environment of fed fish as a first step towards building a platform to quickly test and 
improve metabolic models in Atlantic salmon. 
Methods: We analyzed RNA sequencing data from three experiments to test the effect of culture 
time, fatty acid concentration, and insulin concentration. These included 1) a time course experiment 
where liver slices were cultured for nine days. 2) A fatty acid gradient experiment where slices were 
fed an increasing concentration of alpha linolenic acid (ALA, 18:3n-3) from 20µM up to 100µM. 3) 
An insulin supplementation experiment where slices were incubated with two concentrations of 
insulin, 10nM and 100nM, both in the presence and absence of ALA. 
Results and Discussion: We observed a time dependent drift in expression similarity between 
whole liver and liver slices, with high similarity maintained through five days in culture. Meanwhile, 
gene expression in major metabolic pathways including protein, lipid, carbohydrate, and vitamin 
metabolism stabilized after three days. Supplementation with ALA, a characteristic component of 
vegetable oil based diets, had an overall positive effect on fatty acid metabolism related gene 
expression, activating polyunsaturated fatty acid biosynthesis and beta-oxidation genes. Insulin, an 
important hormonal regulator of metabolism, had a more anabolic effect, deactivating genes related 
to fatty acid breakdown and activating genes related to fatty acid biosynthesis. We also observed an 
interaction between insulin and ALA, where several genes that were induced by both insulin and 
ALA alone, were highly downregulated when insulin and ALA were combined. This work highlights 
the utility of PCLS as a tool for quickly testing metabolic models and underscores the complex 
interactions between hormonal and nutritional inputs governing metabolic gene expression. 
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Introduction: Metagenomics and single-cell genomics have enabled genome discovery from 
unknown branches of life. However, extracting novel genomes from complex mixtures of 
metagenomic data is still challenging and represents an ill-posed problem which is generally 
approached with ad hoc methods. Here we present microfluidics and micro contact printing based 
approaches to extract novel microbial genomes while preserving single-cell resolution, with increased 
throughput and sensitivity while at the same time reducing the cost.  
Methods: Microfluidics chip (3 inlet, 1 outlet) (fig1A) and bead array (30 µm square with 45 µm 
spacing, array size 20x20 spots) (fig1D) were designed in a layout editor software CleWin. The 
microfluidic devices were fabricated by standard soft lithography using a 4-inch silicon wafer, negative 
photoresist (mrdwl 40, mr600 developer), Maskless Aligner 150 (wavelength 405 nm, exposure 
energy of 500 mJ cm-2) to obtain the desired thickness of the microfluidic device (30 µm). The wafers 
were then treated with fluorosilane for 1 hr. 10:1 polydimethylsiloxane (PDMS) and initiator was casted 
onto the wafer and baked (65 C, 3 hours) and subsequently peeled off. Inlet and outlet plastic tubing 
were inserted into 1 mm diameter punched holes of the PDMS microfluidics chip bonded to a glass 
slide (after plasma treatment). The PDMS microfluidic chip were baked for 24 hr after bonding and 
treated with 1% (v/v) of fluorosilane in hydrofluoroether (HFE7500, 3M) for 5 min. Alginate gel beads 
were produced from microfluidics chip using competitive ligand exchange crosslinking (CLEX) 
method. The flow rates were set to 650 μL h-1 for the continuous phase (Pico-Surf, Spherefluidics) 
and 50 μL h-1 for both dispersed phases by controlled injection using BD plastic syringes mounted on 
syringe pumps. The collected alginate bead emulsions were treated with Pico-Break to separate the 
gel beads from the emulsion and transfer them to an aqueous phase. For the bead array, one of the 
array on PDMS was cut and plasma cleaned and later used for microcontact printing to visualize the 
pattern using PLL-FITC (0.5 mg/ml) using standard protocol. Alginate beads and pattern were 
visualized employing a Axio Observer Zeiss inverted microscope.  



Results and Discussion: Monodisperse alginate beads of size 30±2 μm were obtained (fig1B and 
C). Uniform bead array PLL-FITC pattern was obtained (fig1D). This combined platform will be further 
exploited to encapsulate single bacterial cells in alginate beads and immobilize the alginate beads on 
the microcontact printed array. The immobilized beads combined with micromanipulator will then 
serve as platform for metagenomics screening (bacteria/enzyme/drug) of interest (fig1F).  
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Introduction: The well-known gram-positive bacterium Bacillus subtilis is an attractive host for the 
production of heterologous proteins and it has therefore been object of some of the recent 
developments in bacterial genome engineering by CRISPR/Cas9 technology (Zhang et al., 2016; 
Altenbuchner, 2017). The different editing systems recently developed are based on a single broad 
host-range plasmid for creating mutant strains with improved fermentation capabilities. Due to the 
need of specific target sequences and repair templates for homologous recombination, obtaining the 
final knockout plasmid often requires several cloning steps.  
Methods: By means of restriction-free cloning techniques, we have adapted an existing shuttle 
plasmid by introducing a counter-selection cassette compatible with fragment exchange (FX) cloning 
technology (Geertsma and Dutzler, 2011). In order to test this technology we targeted the spoIIIAC 
gene that encodes a sigma factor which has an essential role in controlling sporulation. A editing 
cassette was designed, synthesized and efficiently cloned into the new pCC9 vector by FX-cloning. 
The verified plasmid was then used for transformation in the protease-deficient B. subtilis K07. 
Positive transformant clones were screened and correct mutation confirmed.  
Results and Discussion: The method proved to be very efficient as 19 of 20 screened clones were 
correctly engineered. Further sequencing confirmed the disruption of spoIIIAC. The new knockout 
strain K07S2 lacks the ability to form spores when heat-treated in minimal medium (see figure). Our 
new versatile vector pCC9 allows rapid and effective generation of a knockout plasmid for 
transformation and genome engineering in these industrially relevant strains. 
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Introduction: Conventional concrete production causes 5% of the global CO2 emissions and 
contributes significantly to global warming. A more sustainable process has been proposed, using 
bio-catalyzed dissolution and re-precipitation of CaCO3. Acid-producing bacteria partly dissolve 
CaCO3 grains, mixed with sand and nutrients, and subsequently, ureolytic bacteria produce urease, 
which hydrolyses added urea to ammonia and carbonate ions. In the presence of free Ca2+ ions 
from the dissolution step, CaCO3 crystals re-precipitate between sand grains, forming a 
consolidated material. However, to be able to improve mechanical properties for use as a 
construction material, it is crucial to have an in-depth understanding of the metabolism of the 
bacteria as well as of the microscale formation process of the material. 
Methods: The metabolic modelling of the bacterial strains, using constraint-based modelling, aims 
to identify the optimal approach for acid and biomass production of the bacteria. To simulate the 
formation of the material itself, a reactive transport model is used. For the experimental 
characterization, the cementation process is studied on the grain scale. For that, the crystal growth 
is monitored in real-time and in situ. Simulation results will be tested experimentally to further 
improve the models. 
Results and Discussion: A genome-scale metabolic model is being constructed from the available 
genome sequence of the bacteria used in the project. It is used for simulations of cellular 
metabolism under various environmental conditions using constraint-based modeling, allowing 
changes to media composition or the bacterial genome to be planned and tested in silico.  
An integrated bio-geochemical model of the BioZEment process is developed using the pore-scale 
numerical lattice Boltzmann Method. It can handle complex dynamic solid-liquid reactive boundaries 
and the coupling of fluid flow, multicomponent mass transfer, and biofilm growth at the pore-scale. 
The metabolic model will be incorporated as a flux boundary condition. This makes it possible to 
have a precise description of the system during its further evolution.  
In the experimental verification part, the bacteria-induced precipitation process is monitored in real-
time and in situ. For that, optical microscopy, micro-Raman spectroscopy, as well as pH 
measurements are used. The first experiments show how the kinetics of nucleation and crystal 
growth are influenced by various experimental parameters, such as calcium and enzyme 
concentration. The experimental data are essential for verification and refinement of the 
geochemical models as well as to be able to establish minimum requirements for the bacteria.  
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Introduction: The production of concrete for construction purposes is one of the major sources of 
anthropogenic CO2 emissions. One promising avenue towards a more sustainable construction 
industry is to make use of naturally occurring mineral-microbe interactions, such as microbial-
induced carbonate precipitation (MICP), to produce solid materials. We present a new process 
where calcium carbonate in the form of powdered limestone, which mainly consists of calcium 
carbonate (CaCO3), is transformed to a binder material through microbial dissolution and 
recrystallization. 
Methods: Limestone dissolution was induced by an acid producing bacterium, isolated from soil 
samples near a limestone quarry. Precipitation was induced through hydrolysis of urea, mediated by 
the enzyme urease, produced in situ by the bacterium Sporosarcina pasteurii. We prepared 
prototypes for materials testing by injections of bacteria and reactants into sand packed syringes, 
and used life cycle assessment with techno-economic analysis to address the material’s potential for 
reducing CO2 emissions. 
  



Result and discussion: The acid producing bacteria AP-004, closely related to Bacillus pumilus, 
produced acids from glucose in the presence of high concentrations of CaCO3, providing a sufficient 
pH reduction to dissolve limestone. The amounts of acid produced and CaCO3 dissolved depended 
on the amount of available oxygen as well as the degree of stirring. Addition of urea and urease 
producing S. pasteurii to the dissolved limestone solution rapidly increased pH, inducing the 
precipitation of CaCO3 (Figure 1). We were able to produce solid, stable prototypes of BioZEment 
material in syringe moulds, where the newly formed calcite crystals acted as binders between the 
aggregate material, mainly sand grains (Figure 2). The degree of successful consolidation of sand 
by BioZEment depended on both the amount of urea and the amount of glucose available in the 
dissolution reaction. Life cycle assessment showed that the CO2 emission of BioZEment is 70-85% 
lower than for conventional concrete. Combined with a potential for 13% market share as shown by 
the techno-economic analysis, this could lead to an 11% global reduction of CO2 equivalents from 
concrete production. 
 

 
Figure 1: pH development with various amounts of added S. pasteurii (A), acid production and dissolved 
calcium in cultures related to glucose consumption (B). AP-004 was present in the cultures from start, and S. 
pasteurii + urea was added after 120h (blue arrow).  
 
 
 

Figure 2: SEM image of sand grains cemented by newly 
precipitated calcite crystals.  
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Introduction: Continued growth of Norwegian aquaculture requires access to the marine ω3 fatty 
acids EPA and DHA. Existing sources are depleted, and microbial production is an alternative 
solution. Heterotrophic production by the marine, eukaryotic, unicellular thraustochytrids is closest to 
realisation, with products for humans on the market since the 1990s, and for salmon feed launched 
recently. However, for microbial products to acquire a significant market share, the production costs 
should be reduced. Despite many years of research, there is still a lack of basic understanding of 
fatty acid synthesis in thraustochytrids. In AurOmega, a recently started Digital Life project, a 
systems biology approach will provide an enhanced understanding of what limits the DHA synthesis 
in thraustochytrids and how it can be improved. 

Methods: At SINTEF/NTNU microbial production of ω3 fatty acids (FA) has been a topic of several 
projects with different scientific focus, ranging from isolation of strains by bioprospecting to process 
development and techno-economic analyses. The main emphasis has been on physiology and FA 
synthesis in thraustochytrids. Factors affecting the DHA-productivity and FA profiles in these 
organisms have been studied in high cell density fermentations, with total lipids and FA analysed by 
MS, and gene expression by genome sequencing and RNA-Seq based transcriptomics. 

Results and Discussion: In batch fermentations with nitrogen starvation, our best thraustochytrid 
strains accumulate 60-65 % total lipids, of which ~90 % are triacylglycerols. DHA constitutes ~30 % 
of total fatty acids. The DHA-fraction could be increased to more than 50 % by limitation of the 
oxygen supply, but with reduced productivity. In fed-batch fermentations with slow feeding of 
nitrogen, the productivity was increased, but with somewhat lower DHA-fraction and a more 
complex fatty acid composition (Fig 1).  

Thraustochytrids use two competing pathways for FA synthesis, the standard fatty acid synthase 
(FAS) for saturated FAs, and a separate enzyme complex for DHA. The distribution of the carbon 
flow between the two pathways determine the fraction of DHA in the lipids. The genomes of two of 
our strains have been sequenced, and transcriptome analyses have been performed for one of the 
strains, at cultivation conditions giving different fatty acid profiles. Our results show differential 
expression of the two FAS, DHA-synthase and genes involved in the energy metabolism and 



generation of precursors for FA synthesis. Results will be verified, and rate-limiting steps of the DHA 
synthesis will be identified, by metabolic models and extended omics analyses (proteome, 
metabolome) in AurOmega.  
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Introduction: Alginate, a linear polysaccharide from seaweed, is used both in food and in biomedical 

applications. The low toxicity and immunogenicity together with the ability to form hydrogels at 

physiological conditions makes them attractive scaffolds in tissue engineering. In this first part of the 

3DLife project, we have tailored alginate gel kinetics, mechanical properties and gel dissolution to be 

relevant for soft tissue engineering, 96-wellplate format and robotic handling.  

Methods: Alginate gelation kinetics and mechanical properties was controlled by using the slowly 

hydrolysing glucono-δ-lactone (GDL) together with CaCO3 and citrate buffer. The gelation was 

followed on a Kinexus Rheometer and gel elasticity measured as storage modulus (G´). Fibroblasts 

(IMR90) was mixed with citrate buffer, alginate and CaCO3 before the addition of GDL and culture 

media was added 2 hrs after gelation. Different cell concentrations, alginate concentrations and 

viability assays were evaluated over a culture period for 72 hours.  

Results and Discussion: Alginate hydrogel mechanical properties (G´) was controlled by increasing 

alginate concentrations and CaCO3 and GDL accordingly (Figure 1A). This gives plateau values of 

storage modulus of 100 and 800 Pa for 0.5% alginate and 1.0% alginate, respectively, which is within 

the relevant range of soft tissue previously shown for gels of PEG and hyaluronic acid. Cell 

encapsulation and culture conditions were optimised for robotic handling and culture in 96-wellplate 

format. Preliminary results show cells with different morphology in the hydrogels of 0.5% and the 1.0% 

alginate, indicating sensitivity towards mechanical properties (Figure 1B and C). The hydrogels could 

easily be dissolved within 30 to 140 seconds and cell retrieved by adding a calcium-chelating buffer. 

This is important for the further and detailed analyses of the cell transcriptome under tailored 

conditions in their microenvironment.  



   
Figure 1. A: Storage modulus (G´) (A) and fibroblasts (B, C) in alginate hydrogels of 0.5% (red, B) and 1.0% 
alginate (blue, C): B and C: 62.500 cells/mL. The cells were cultivated for 72 h prior to live/dead imaging. 
Scale bar 100 μm.   
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Introduction 

Breast cancer is one of the most common cancer types world-wide, with almost 500,000 deaths and 

over one million people affected world-wide each year. Using RNA-sequenced data for 817 cases 

and 112 controls from the TCGA Breast Cancer Database, we used several methods to evaluate 

important genes associated to the disease.  

 
Methods 

We considered three different methods for evaluating the data. 

First, we applied the The Weighted Gene Co-Expression Network 

Analysis (WGCNA) method. WGCNA is a well-known and much 

used method to construct weighted correlation networks from large 

data-sets [1].  

 

 

 

Second, we used the CSD framework for evaluation of differential 
gene co-expression patterns in the case and control gene expression 
data [2]. This method classifies differential co-expressions into three 
categories: conserved (C), specific (S) and diverged (D). Conserved 
co-expressions reflect a similar co-expression pattern for a pair of 
genes in both the case and control data, the specific identifies cases 
with a significant level of co-expression between two genes in e.g. 
case while it is absent in control. Diverged interactions corresponds to 
opposite co-expression between pairs of genes in the case and 
control data (Figure 2).  

 

Finally, we will evaluate the LASSO method that can be 

used for detecting “finger-print genes” for the disease [3]. 

LASSO is a statistical regression model for high dimensional 

data that shrinks the regression coefficients towards zero 

(Figure 3), such that genes that are not associated with the 

disease will be removed from the statistical model. Hence, 

using LASSO we end up with only genes that are important 

for predicting an outcome, where the number of genes are 

usually significantly smaller than the total amount of genes. 

 

Results and discussion 

Using these three methods, we will present system-level differences and similarities between case 

and control. The WGCNA method returns modules (Figure 1) that are central in the network with 

corresponding eigengenes that summarizes the modules. We compare these to the selected “finger-

  

 

 
 

ρ



print genes” from the LASSO and investigate the properties and locations of these modules and 

“figer-print genes” in the CSD network. 
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Introduction: The coastal and more stationary Atlantic cod (Gadus morhua) is becoming more 
frequently used as a model species, for environmental monitoring in the North Atlantic Ocean. 
Coastal ecosystems are affected by pollution from both land and sea; fertilizers, sewage disposal, 
oil, and industrial chemicals will all eventually end up in the ocean. The chemical defensome is a 
collection of genes that participates in responses to environmental stressors, and includes the 
cytochromes P450 (CYPs). The CYPs are a large superfamily of proteins that are important to 
metabolize toxic compounds. The transcription of many CYPs is regulated by certain ligand-
activated receptors, denoted as xenosensors. Xenosensors contains a ligand-binding domain (LBD) 
and a DNA-binding domain (DBD). As a proof of concept of the cell-free assay we are focusing on 
the Vitamin D receptors (VDR) in cod. VDR is part of the NR1I-subgroup of the nuclear receptors, 
which also includes the important xenobiotic sensor, pregnane X receptor (PXR). VDR is naturally 
activated by vitamin D3 or calcitriol and controls the transcription of genes that have important roles 
in regulating the calcium and phosphate homeostasis in vertebrates. Two isoforms of VDR are 
present in Atlantic cod; VDRα and VDRβ. Other roles of the VDRs, apart from regulating the 
synthesis of calcitriol, is not known, but due to the lack of PXR in cod VDR may have adopted a 
broader functional role. VDR in cod seems to be expressed in most tissues, which is in contrast to 
PXR that normally is highly expressed in the tissues that accumulate and degrade chemical 
compounds, such as the liver and intestine. 
Methods: We are developing receptor-ligand based xenosensors for use in detector systems for 
contaminant monitoring. This is a new method to study the interaction between ligands and 
receptors based on a modified version of AlphaLISA. It is a bead-based, cell-free technique, based 
on stable, recombinant expression of receptor protein constructs. 
Results and Discussion: Calcitriol was found to activate both VDRα and β in Atlantic cod using a 
luciferase gene-reporter assay. Ligand activation assays were also performed with bile acid 
derivatives, and various exogenous compounds, including environmental contaminants. However, 
none of these compounds were found to activate VDR. Here, cloning and recombinant expression 
of cod VDRs for use in AlphaLISA is described.  
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Introduction: Cell culture-based experiments are important pillars in all medically related research, 

allowing examination of living cells without the use of research animals or human subjects. However, 

the commonly used cellular monolayer cultures are a remote reflection of in vivo conditions, due to a 

lack of the cellular, structural and chemical elements forming the tissue microenvironment. This 

disparity results in cells losing their tissue-like phenotype over time, limiting the potential of the models 

for studying tissue biology and disease progression, and for testing pharmaceutic and toxic 

compounds. 3DLife aims to develop novel strategies for microtissue engineering in 3D, to provide 

model systems of organ function and bridge the gap to in vivo conditions (see graphical abstract).  

Methods: To understand how the microenvironment affects cells we will synthesize novel and 

tuneable extracellular scaffold materials based on a bottom-up approach using alginate, a structural 

polysaccharide found in seaweed. We will develop tools for high-throughput screening (HTS) of 3D 

cell cultures to assess genetic expression patterns in response to defined scaffold properties. These 

advances have limited translational potential without a digital approach that can process the vast data 

output from HTS analyses and provide a systems-level understanding of material-cell interactions. By 

applying a computational model, we can predict the requirements of organotypic cells to their 

microenvironment and tailor materials for improved in vivo-like tissue and organ models for research 

and clinical applications beyond the state of the art.  

Results and Discussion: We have started the project with the grafting of biological signals on the 

biologically inert alginate. The mechanical properties of the hydrogels were further tailored within a 

range that has been shown previously to be relevant for soft tissue. Further, we have cultured 

fibroblasts in the hydrogel structures, showing good viability. These are important first steps to make 

tissue constructs.  
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Introduction: Production of concrete for construction purposes is a major source of anthropogenic 
CO2 emissions. One avenue towards a more sustainable construction industry could be to use 
naturally occurring mineral-microbe interactions to produce concrete. The BioZEment concept, 
originating from the Research Council of Norway's first "Idélab" in 2014 and pursued in the DLN 
project BioZEment 2.0, employs a two-stage process where limestone is first dissolved by acid-
producing bacteria and subsequently re-precipitated as a binder between sand grains by other 
bacteria that hydrolyze urea in situ to increase pH again. We here present our approach to identify 
suitable alkalitolerant bacterial strains able to produce large amounts of organic acids and dissolve 
limestone.  
Methods: Soil samples collected near a limestone quarry in Tromsdalen, Trøndelag were heat-
treated to select for spore-forming bacteria, and strains able to grow and produce organic acids under 
alkaline conditions (pH 9-9.5) isolated by direct plating and from enrichment cultures. The isolates 
were characterized for growth and acid production under relevant conditions and classified based on 
16S rRNA analysis. Interesting isolates were genome sequenced and the most promising isolates 
applied in limestone dissolution experiments to verify the concept.  
Results and Discussion: A prerequisite for the BioZEment process is suitable strains for the mineral-
microbe interactions. Such strains must be able to grow and produce large amounts of acids at 
reduced oxygen levels and high concentrations of limestone. They also must not pose any risk to 



humans or the environment. A total of 65 alkalitolerant, acid-producing strains were isolated and, after 
a pre-screen, 55 of them screened sequentially (Fig 1) for taxonomic difference, growth and acid 
production, and tolerance to low O2 and high limestone concentrations. Half of the strains satisfied 
the given criteria, and some showed enhanced glucose utilization and total acid production upon 
presence of limestone in the medium. 13 suitable candidate strains were genome sequenced and 
found to belong to the family of Bacillaceae. Five were characterized in depth. The amounts of acid 
produced depended on the isolate, amount of added glucose, and O2 supply as a function of mixing 
and reactor design. CO2 produced during growth was found to contribute to pH reduction. The two 
most promising isolates are currently used to generate genome-scale models in the BioZEment 2.0 
project to further improve acid production and tolerance to acidic conditions by strain engineering 
and/or optimizing cultivation conditions.  
 
Figure 1: 
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Introduction: The effects of pollutants on living organisms continue to be a major concern in 

environmental toxicology. High-throughput data generated using novel technologies, such as omics 

methods and efficient in vitro cell/tissue culture-based techniques, can provide deeper 

understandings of molecular targets and pathway perturbations. In this context, traditional 

differential gene expression and pathway analysis have some shortcomings, especially when it 

comes to setting appropriate cutoff thresholds. Our work seeks to complement these approaches by 

looking for perturbations at the level of known protein-protein interactions (PPI) given the gene 

expression data, using topological data analysis and network theory. 

Methods: We exposed Atlantic cod precision-cut liver slices to ethynylestradiol (EE2) and 

performed RNA-seq transcriptomics. We used PPI data of the relevant genes from the PSICQUIC 

repository. For each gene, we calculated paired ratios between exposed and control samples to 

form vectors of ratios with entries from each fish. Interaction weights were the euclidean distance 

between the respective vectors of ratios. We computed persistent homology of the weighted 

networks and set weight thresholds based on the generated diagrams. We used Cytoscape to 

visualize corresponding subnetworks.  

Results and Discussion: Figure 1 shows the persistence diagram of exposures to 1 μM of EE2. It 

includes distinct clusters of cycles born early in the network and disappearing at weights between 6 

and 9. Figure 2 illustrates key interactions corresponding to those cycles. The network layout 

highlights a large star-shaped subnetwork with the estrogen receptor ESR1 in the center. This figure 

also shows a smaller star-shaped subnetwork with FAM46BB in the center. We observed similar 

outcomes in different exposure concentrations. These results are in line with known effects of EE2, 

namely the activation of the estrogen receptor pathway. The function of FAM46BB gene, which also 

appeared in the differential expression analysis and lasso regression, needs to be experimentally 

investigated.  
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Introduction: Metabolic networks are typically large giving dynamical models with a high number of 
kinetic parameters. These parameters must typically be estimated from experimental data. Under 
the assumption of first order kinetics, steady-state and metabolomics measurements we study the 
identifiability and experimental design for this estimation. 
Methods: We use methods from stoichiometric metabolic flux analysis to give a condition for the 
structural identifiability of the kinetic parameters under different input fluxes to the network. The 
Fisher information matrix is then calculated analytically and the so-called D-optimality criterion used 
to find optimal input fluxes. In the case of smaller networks extreme pathways are used in the 
interpretation of the results. 
Results and Discussion:

 We are 

able to efficiently classify the identifiability of the kinetic parameters using only the network topology. 

In the case of structural identifiability, we are further able to calculate optimal inputs to be used in an 

experiment. 
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Introduction: Antimicrobial resistance in human pathogenic bacteria is an increasing threat in 
modern society, where many infectious diseases no longer respond to treatments with presently 
available antibiotics. Global health concern as such, expresses the urgent need to produce a higher 
yield of existing and novel type of antibiotics. In contrast to chemical synthesis, biologically 
developed medicines, where one uses production processes with microorganisms are in addition to 
environmental advantages, less energy consuming and therefore preferable. In particular, the genus 
Streptomyces is known to produce over 40% of all known compounds with antibiotic activity, many 
of which are used today to treat serious microbial infections. 
Methods: Antibiotic production by Streptomyces coelicolor (S.coelicolor) is a promising technology 
but to date has not reached competitive rates and titers. Therefore we focused on using constraint-
based modeling and optimization methods on genome-scale model of S.coelicolor, that we have 
constructed prior, to find ways to improve production of antibiotics. Various strain design algorithms 
were applied suggesting gene deletion/up/down regulation strategies while having metabolic flux 
distribution governed by internal cellular objective. 
Results and Discussion: We identified a robust double gene knockout strategy with a promising 
potential for antibiotic production. Gene knockouts in central carbon metabolism (TCA cycle, 
glycolysis) were identified that were able to increase the yield of antibiotic primary precursor through 
a modification of the flux distribution. The enhanced yield of the primary precursor (acetyl-CoA) is 
estimated to be nearly two-fold compared to wild-type in a designed growth environment. Namely, in 
vivo, several precise regulatory mechanisms are involved in the onset, maintenance and conclusion 
of antibiotic production. Among these mechanisms, carbon source regulation is one of the main 
factors required for controlling secondary metabolism. Therefore gene deletion strategies for over 
production of antibiotics in silico were suggested in various nutrient environments, that included 
different nitrogen and especially carbon sources.  
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Introduction: Recombinant protein production, i.e. manufacturing of proteins in living cells, is a core 

of industrial biotechnology and a key technology for the production of therapeutic and industrial 

proteins such as insulin, human growth hormone. The demand for recombinant proteins is steadily 

increasing, and the global protein expression market is expected to reach $3 billion by 2023. Despite 

this growth and demand, current protein production systems possess several challenges that 

limit development of products and would benefit from higher production efficiencies. We 

developed a unique enabling technology termed SUPERAPP allowing the design and identification of 

novel protein production platforms. 

Methods: SUPERAPP, utilising a single straight-forward approach, allows the design optimised 
protein production in an organism of choice, based on a selection strategy that replaces the current 
trial-and-error based approaches. This is achieved by generating hundreds of millions of paralleled 
experiments, which allows rapid development of protein productions at the desired levels, in the 
organism of interest.  

Results and Discussion: We have demonstrated the potential of SUPERAPP by designing and 
identifying protein production machineries in seven different microorganisms, across the bacterial and 
eukaryotic domains of life (Table 1).  

 

Table 1. The list of hosts and reporter genes used for the identification of functional promoter and 5’ UTR sequences. 

 Selection markers 

Hosts AMP APR CHL KAN KANT RFP YFP TRP 

B, G (-) 

Escherichia coli         
Pseudomonas putida         
Thermus thermophilus      ( )   

B, G (+) 

Streptomyces albus       ( )   
Streptomyces lividans      ( )   
Corynebacterium glutamicum      ( )   

 E Saccharomyces cerevisiae       ( )  

B, Bacteria; E, Eukaryote; G (-), Gram-negative; G (+), Gram-positive; AMP, ampicillin; APR, apramycin; CHL, 
chloramphenicol; KAN, kanamycin; KANT, thermostable kanamycin; RFP, red fluorescent protein; YFP, yellow fluorescent 
protein; TRP, tryptophan; , confirmed; ( ), to be confirmed. 

Using this approach, we have generated bacterial strains exhibiting expression levels ranging over 
104-fold, indicating the versatility of the synthetic promoter design platform. Currently our lab is 
implement accelerated protein production strategies and also broaden the range of microorganism by 
advancing the modules available in the synthetic biology toolboxes. 
The ground-breaking nature of SUPERAPP lies in its ability to create tailored protein production 
platforms specific for their intended use, hence avoiding the common iterative re-design approaches. 
With these characteristics SUPERAPP offers opportunities that are beyond the state-of-the-art. 
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Introduction: AcAld is a industrially valuable substrate which can be used as the entry point for the 
synthesis of acetic acid, acetic anhydride, butanol, and other high value chemicals. The goal of the 
project is to design and operate a bacterial process with a microbubble distillation system in order to 
convert complex sugary feedstocks or crude glycerol to acetaldehyde (AcAld). 
Methods: AcAld is the direct metabolic precursor of ethanol in biological system. It accumulates 
aerobically, as respiration withdraws reducing equivalents (NADH) needed for ethanol synthesis. 
For that reason, Zymomonas mobilis is our choice for an AcAld producer because of its high 
capacity of ethanol synthesis and respiration. We also aim to use glycerol as a co-substrate in 
engineered strains. For efficient removal of AcAld, a novel method of phase separation using 
microbubbles will be applied. 
Results and Discussion: We engineered several strains for acetaldehyde production. Several 
strains showed improved production of acetaldehyde in aerobic batch culture (Fig. 1). These strains 
will be further characterized by metabolomics and stoichiometric/kinetic modelling, for potential 
improvement in AcAld production. 
In order to increase aerobic respiration in engineered strains, their electron transport chains were 
studied by various methods. Membrane fraction of Z. mobilis strains were spectroscopically 
analysed, showing that there was no difference in composition of cytochromes in the engineered 
strains from wild-type strain. Oxygen consumption of membrane fractions with NADH was measured 
by clark electrode, showing that membrane by itself appears not to contribute to increased 
respiration of engineered strains.  
In order to utilize glycerol in our system, we constructed Z. mobilis strain which can transport and 
phosphorylate glycerol. The capillary IC-MS analysis showed that the activity of glycerol transport 
and phosphorylation is very efficient (Fig. 2). The strain will be further engineered for a complete 
assimilation pathway, and carbon flux of glycerol will be characterized. 
We will soon test our biological system in mcirobubble-distilliation. 

   
Fig. 1. AcAld yield during aerobic culture         Fig. 2. Glycerol uptake and phosphorylation in Z. mobilis 
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Introduction: Feature selection techniques have been widely used for biomarker discovery. A 
feature selection method is usually assessed in terms of classification performance, since the true 
biomarkers should enable high accuracy classification. The stability of feature selection methods 
has received little attention until recently. A good feature selection method should give a consistent 
set of biomarkers independent of samples. Here we present a new ensemble feature selection 
framework integrating assessment of stability of feature selection methods, so that it can generate 
similar feature subsets when presented with different sets of training examples, and at the same 
time enable high prediction accuracy.  
Methods: Our ensemble feature selection approach includes two phases: data perturbation and 
function perturbation. The framework is illustrated in Fig 1. There are two aggregations in the 
paradigm as Fig. 1 shows. To aggregate the rankings of one selection method from different 
subsampling, we use the product of ranking positions of one feature in different ranking lists as its 
aggregated ranking score. This is the data perturbation part in our method. After this comes the 
function perturbation part. We also apply the product strategy but use the stability as a weight 
putting it to the position of exponent. Since the smaller the ranking score is, the more important the 
feature is, to make the stability agree with that, we put a minus in front of the stability.  
Results and discussion: We have tested on multiple datasets, and we can get different 
conclusions from different datasets. We are now working on summarizing the results. 

 
Figure 1: The illustration of Ensemble Feature Selection Integration Stability (EFSIS) 
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Biological sciences are currently undergoing a silent revolution: over the past decade we have 
become able to quantify the majority (or so we believe) of the gene transcripts, proteins and small 
molecules in cells and tissues. These analyses generate thousands and millions of data points and 
provide a snapshot of the state of a cell, frozen in time. The reason we need this information in 
toxicology is not only to understand the inner workings of cells, but to be able to project and predict 
the consequences of external stressors on cellular health and eventually health of the individual.  
 
As part of the dCod project we aim to link cellular processes to physiological and/or histological 
changes. The presence of one or more toxicants within a cell will generally elicit processes that will 
be evident in the transcriptome and/or proteome. Although we may miss components present at low 
concentrations in our analyses, some of which may have important roles, existing omics profiles 
have indicated that toxicant stress to cells affect vital processes such as e.g. the cell cycle, 
biotransformation, lipid metabolism, immune responses, cellular signalling, the cytoskeleton and 
energy turnover, all of which appears reasonable from results from cellular responses measured 
using other methods. The ability to recognise and eventually quantify the magnitude of changes to 
specific processes is a promising path towards future integration of omics data with physiological 
and histological changes in the organism. We still face many challenges to grasp how toxicants 
impacts cells, in understanding the modulating effects of e.g. miRNAs, the dynamics of cellular 
signalling and radical generation in cells, as well as critical aspects of cell physiology such as 
membrane transport and DNA fragmentation. The most promising way forward at the moment is to 
combine omics profiles with cellular and organismal physiology, histological changes in tissues and 
modulation of individual behaviour.  
 
This presentation aims to review the limitations and possibilities of data generated through the use 
of omics technologies and how they can be integrated with physiological processes. The concepts 
will be discussed in the context of the systems toxicology approach used within the dCod 1.0 
project. 

 
 
The dCod 1.0 project is funded under the Digital Life Norway initiative of the BIOTEK 2021 program of the 
Research Council of Norway (project no. 248840). 
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Introduction: Lipid metabolism is important in salmon farming, both for energy and for omega-3 
fatty acids in human diet. To complement mathematical modelling of metabolism in the Digital 
Salmon project (DigiSal), we have developed and applied analytical tools to characterize the salmon 
lipidome (SL). UPLC and UPC2 separation in combination with mass spectrometric (MS) based 
detection provide the most selective and sensitive instrumental platform for high resolution 
qualitative characterization of lipid profiles in biological samples. Importantly, this methodological 
platform can also be tuned for quantitative analysis. We illustrate its application to 100 samples from 
a feed switch trial with contrasting levels of long-chain polyunsaturated fatty acids, conducted both 
in fresh and salt water. 
Methods: Lipid samples were extracted using a two phase system (water-methanol-chloroform) and 
a Precellys bead homogenizer. The extracts were analysed using a Waters Acquity UPLC Synapt 
HDMS QTof mass spectrometer operated in MSE. A RP-UPLC method was established and 
samples were analysed twice, in both positive and negative ESI mode, for the most comprehensive 
coverage of the SL. Raw data were processed with a Progenesis software with embedded 
LipidBlast database for identification. Further, data were exported for multivariate analysis using 
Unscrambler and MetaboAnalyst. 
Results and Discussion: The poster will show the MS based lipid profiling workflow we have 
established for the salmon lipidome. This includes discussion of the challenges in robust 
chromatographic separation and identification of lipid species based on MS and MS/MS information. 
The lipid samples studied originate from a feeding trial using both vegetable and marine oils and 
incubation of the salmon in fresh water and sea water1. Utilizing the bead homegenizer the lipid 
extraction has proven to be very effective so we are able to extract lipidome of as tiny samples as 
even 5 mg. The extraction method has been applied to fish liver and muscle; nevertheless, it can 
easily be adopted to other similar tissue types.  
Our approach includes also a fast semi-quantitative determination of lipid classes in addition to the 
high resolution UPLC-MSE profiling. Usually around 2-3000 species (lipids and compounds of 
nonpolar and mid-polar character) are detected with the high resolution method while the semi-
quant lipid method covers the ten most abundant lipid classes. A statistical data analysis of the 
results from this abovementioned salmon study unambiguously showed the differentiation among 
the individual groups and identified lipids with the highest impact on the group clustering. 
The data obtained represent the starting point for a comprehensive study on how the diet affects 
polyunsaturated fatty acids profile in salmons. 
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Introduction: The salmon amino acid synthesis network model represents a virtual compartment in 
Atlantic salmon, with the purpose of contribution to the SALARECON model. The virtualization of the 
compartment is not biologically meaningful, but serves an educational purpose. Adding artificial 
transport reactions allows for making a system capable of steady state.  
Methods: Reactions were chosen manually from KEGG pathway maps to connect amino acids. 
Transport of amino acids was based on established knowledge of amino acid transport across the 
apical membrane in mammals and their homologs in salmon. The model was assembled using 
InSilico Discovery, where virtual transport reactions were added to compensate for the artificial 
boundaries of the system. 
Result and discussion: The anticipated result of the project is a model capable of polymerizing an 
average peptide as well as steady state. The resulting model should be able to predict which amino 
acids are limiting for growth and how the ion balance of the system is affected by the amino acid 
import reactions. 
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Animating the Digital Salmon 
Introduction: How do you communicate a complex research endeavour in simple words and 
pictures using only two minutes? In my case that turned out to be scientifically impossible, but we 
managed to shave it down to three. This poster shows and tells how we went about it. 
 
In short, the Digital Salmoni is a systems biology endeavour for salmon farming that will build a 
knowledge base of our collective insights into how the salmon body functions. 
 
It was our Communications Department who invited me to make a couple minutes' animation on what 
our project is about, intended for advertising on YouTube or Facebook, but also as an introduction to 
talks, or for more in-depth teaching on selected topics. 
 

Kristine Løwe in the Communications Department is an excellent science journalist 
whom I've worked with before. They collaborate with Tor Martin Austad, who holds 
degrees in both biology and animation. That is quite a powerful combination in 
assisting with the translation of biological concepts to things that do stuff onscreen.  
 

I first described the Digital Salmon over 30 pages in a book chapterii, which we concentrated into a 

15-page grant proposaliii,  and have presented in various settingsiv,v over anything from 10 to 60 

minutes. Our mission was to distill this down to 2 minutes, which is the attention span of a goldfishvi, 
and incidentally also of the average Facebook user.  
 

Methods: We had several meetings 
where I brought key charts and 
visualizations I'd used earlier, and we 
discussed: Which things were both 
important and easy to visualize? In this 
particular project there are many things that 
are important, but not so easy to show, 
because they are abstract, whether we're 
talking of mathematical modelling or 
interactions or regulatory mechanisms 
inside the body. 

Next, we sat down after these meetings 
and composed a one-page manuscript 
which eventually formed the basis for 
what's called a storyboard. It holds sketches of key scenes, plus the accompanying voiceover, and 
a line or two about the dynamic action in each scene. 
 
The poster will include examples of how we simplified stuff to allow viewers to quickly grasp the 
essence of our story. 

 



Results and Discussion: The finished animation is at https://youtu.be/hl4b4Q8Hik0. Here's an 
overview of the storyboard and a closeup. 
 

 
 
 
 
 

       
1 https://www.nmbu.no/prosjekter/digisal  
1 http://arken.nmbu.no/~jonvi/digital_salmon.html  
1 https://www.forskningsradet.no/prosjektbanken/#/project/NFR/248792  
1 https://www.youtube.com/watch?v=sc1j_zNH3Fw  
1 http://arken.nmbu.no/~jonvi/digisal/presentations/A_purposeful_simplification_of_reality_(DLN-17).pdf  
1 This is an exaggeration for comedic effect. Goldfish can actually remember stuff for months: 

https://en.wikipedia.org/wiki/Goldfish#Cognitive_abilities 
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Animal behaviour is affected by stimuli from both the internal and external environment. 
Hormones controlling metabolism and growth have the potential to directly and indirectly 
affect how individuals solve the trade-offs between active foraging and predation risk as 
well as allocation to growth, reserves and reproduction. By adjusting their hormone levels 
animals can adjust their activity levels, overall energy use, regulate feeding behaviour and 
energy allocation. We have developed a dynamic optimisation model where levels of growth 
hormone and thyroid hormone determine energy allocation and growth. The model also 
includes the neuropeptide orexin, which controls foraging behaviour as a mediator for the 
satiety hormone leptin, and the hunger hormone ghrelin. In the general model a juvenile fish 
must find food, grow, reach maturation and avoid predation in a stochastic environment by 
optimising its hormone profile. We find that observed correlations between hormones 
emerge from evolutionary optimisation. This model can later be used to study hormonal 
adaptations in animals depending on factors like food availability, predation pressure, 
seasonality and climate change. 
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Introduction: The TIPs project focuses on the provision of novel thermostable isomerases from 
thermophilic microorganisms and metagenomes and their biotechnological applications. Isomers are 
molecules with identical atomic composition but with different structural characteristics. Different 
isomers can show very distinctive function. The formation of isomers often reduces the productivity of 
biotechnological and chemical processes because only one of the two or more isomers is utilized in 
biocatalytic reactions (reducing the final efficiency to below 50%). Isomerases are enzymes catalyzing 
the conversion between different types of isomers. Using the appropriate isomerase enzyme in the 
industrial process will increase production efficiency resulting in 100% conversion of a racemic 
substrate to the product. Thermostable isomerases are desired because they possess high resistance 
and durability, are able to withstand harsh industrial process conditions, including heating and organic 
solvents. Elevated temperatures can also enhance substrate accessibility and solubility.  
Methods: The proposed project includes comparative bioinformatic analyses of sequence data to 
identify different classes of thermostable isomerases of industrial interest. Recently developed 
genomic enzymology tools will be employed for mining the databases. Both sequence similarity 
networks (SSN) and genome neighbourhood networks (GNN) allow protein sequences to be gathered 
into clusters that represent families with only a single function. Further phylogenetic analysis of these 
isofunctional clusters will help to select the most promising candidates. These cherry-picked enzyme 
candidates will then be cloned and recombinantly produced. The expression bias will be minimized 
with codon-optimized synthetic genes, a multiple vector system for high-throughput expression 
analysis as well as the use of several streamlined expression hosts. Purified enzymes will be then 
functionally and structurally characterized and further optimized towards their biotechnological 
application.  
Three types of isomerases will be targeted: sugar isomerases (to produce new desirable sugars for 
calorie-free sweeteners and as building blocks for drugs), disulfide isomerases (to improve protein 
folding and stability of industrial enzymes), and chalcone isomerases (involved in the transformation 
of flavonoids, secondary metabolites of importance as natural colorants, anti-oxidants, anti-microbial 
and anti-inflammatory agents). Durable isomerases will allow new opportunities for green, competitive 
and sustainable biotechnological processes that can replace conventional chemical synthesis. 
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Introduction: Methylacidiphilum is a newly described genus belonging to the phylum 
verrucomicrobia. All currently described isolates have been obtained from geothermal hot springs 
and are thermoacidophilic methane oxidizers, with a growth optimum at 55°C and capable of 
growing at pH 1 or lower. Methylacidiphilum spp. are currently the only group of bacteria capable of 
aerobic methane oxidation outside the proteobacteria. Analysis of the verrocomicrobial pmoCAB 
genes, encoding the particulate methane monooxygenase, showed that they aren’t the result of 
recent horizontal gene transfer from proteobacteria. Interest in methane oxidizers are fueled by the 
fact that methane is a potent green house gas and an interesting substrate for biological synthesis 
of various compounds of commercial interest. 
Methods: DNA was obtained from Methylacidiphilum kamchatkense Kam1T cultivated with methane 
as the sole energy source. The genome were sequenced using PacBio technology and assembled 
with HGAP3. Annotation, analysis and genome comparison were done using the Integrated 
Microbial Genomes platform. Average Nucleotide Identities were calculated with Jspecies Circular 
genome figures were made with BRIG. Dotplots were made with Gepard. Local BLAST was used for 
genome searches and alignments. Searches for were done using Island Viewer. Artemis was used 
for visualizing the genomes. 
Results and discussion: The genome of Methylacidiphilum kamchatkense Kam1T consist of a 
single 2,2 Mbp chromosome. The genome encodes three complete and two partial pmoCAB gene 
clusters, encoding particular methane mono oxygenases. Furthermore it encodes genes for fixing 
CO2 via the Calvin Benson cycle, and N2 with a MoFe nitrogenase. We found two pmoD 
homologues in connection with the pmoCAB clusters. The product of pmoD is a membrane protein, 
believed to have a role in Cu homeostasis, or maturation of Cu containing proteins. This finding is 
intriguing, as pmoB from methylacidphilum spp. doesn’t encode the conserved Cu binding sites 
found in pmoB from proteobacteria. 
The Kam1 genome also encodes a range of genes associated with acid and heavy metal resistance. 
The genome of M. Kam1 is the third closed genome from the methylacidphilum genus average 
nucleotide identity (ANI) calculation showed that they belong to three different species. The ANI 
between strains Kam1, SolV and V4 is 92 and 72% respectively, values below 95% signifies different 
species. 
We found pronounced differences in the load of mobile elements with 12, 80 and 37 transposable 
elements and 2, 22 and 9 in strain Kam1, SolV and V4 respectively.  
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Introduction: Amino-sugars are valuable compounds in pharmaceutical industry as well as important 
intermediate metabolites. Amino sugars are synthesized from keto-sugars in a reversible reaction 
catalysed by sugar aminotransferase (SAT) enzymes. SATs are pyridoxal phosphate (PLP) 
dependent enzymes belonging to class VI (DegT/DnrJ/EryC/StrS) aminotransferases in the pfam 
database. Few SATs have been characterized so far, none of them from a thermophilic organism. 
Better understanding of the substrate specificity of SATs will enable us to utilize them for synthesis of 
different amino-sugars.  
Methods: SATs from a thermofile were expressed in Escherichia coli with His tags and purified by 
affinity and size exclusion chromatography. One of the SATs was crystallized and analysed by X-ray 
diffraction at the Diamond Synchrotron, Oxford University. Formation of an internal aldimine by PLP 
was assayed by spectrophotometric scan between 200 – 500 nm. Reaction with amino donors to 
produce keto-acids was done using coupled assays with NADH/NAD+ dependent dehydrogenases.   
Results and Discussion: Three putative SATs were identified in the genome of the moderately 
thermophilic anaerobic bacterium Thermovirga lienii DSM17291 isolated from an oil reservoir in the 
North Sea as well as a metagenomic library obtained from the same location. All three candidate 
SATs were cloned, purified and assayed. One of them was co-crystallized with PLP (co-factor) and 
the structure was solved to a resolution of 1.57 Å. The secondary structure contains 12 α-helices and 
9 β-sheets and it shows the cofactor covalently bound to the Lys183 at the active site (internal 
aldimine). The active site also shows hydrogen bonding of PLP to Thr58, Ser178, Asn180, Gly57 and 
Gly190, and a salt bridge with Asp154. The enzyme was active with glutamate as amino donor as 
assayed by detection of keto-acid and PMP. The amino acceptor eas not identified, but multiple 
sequence and structure alignments as well as structural superimposition predict that an NDP-4-keto-
sugar is amino acceptor for this enzyme. Further in-depth studies of their function and potential 
application is discussed. 
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Norway has the potential to be market leader in sustainable value-creation based on marine 

resources. The Norwegian fishing industry generates 900 ktons of by-products, such as fish heads 

and frames, annually. This is mainly used in animal feed, oil and fish silage, or discarded. Using 

enzymatic hydrolysis these by-products can be converted to high-quality proteins and peptides for 

higher value markets. The few commercial enzymes used in hydrolysis are, however, not ideal.  

 

New and better enzymes can partly solve both technical and biological barriers for full commercial 
realization of higher value products. Together with the Norwegian ingredient industry and academic 
partners we are utilizing various strategies to identify new enzymes for the marine bio-based industry. 
Using (meta)genomic mining new proteolytic enzymes were identified on a panel of substrates. The 
genes originate from in situ enrichments at the deep-sea hot vent systems of the Arctic mid-ocean 
ridge and from Arctic, marine microbial species. In-depth characterization and structural studies of 
several potential enzymes are ongoing and their performance in hydrolysis of marine biomass at pilot 
scale is currently being evaluated. Our efforts on targeted enzyme discovery may eventually provide 
the marine sector with an expand repertoire of enzymes. 
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