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Abstracts oral PhD presentations 

PhD 1 

The impact of residues 119 and 228 in the Tripoli metallo-β-lactamase TMB-1 involved in resistance 

to β-lactam antibiotics 

Susann Skagseth1, Ørjan Samuelsen2,3, Hanna-Kirsti S. Leiros1 

1 The Norwegian Structural Biology Centre (Norstruct), Department of Chemistry, UiT – The Arctic 

University of Norway, Tromsø, Norway 

2 Department of Pharmacy, UiT – The Arctic University of Norway, Tromsø, Norway 

3 Norwegian National Advisory Unit on Detection of Antimicrobial Resistance, University Hospital of 

North Norway, Tromsø, Norway 

 

Metallo-β-lactamases (MBLs) are enzymes with the ability to hydrolyze β-lactam antibiotics including 

penicillins, cephalosporins, and carbapenems resulting in bacterial strains resistant to virtually all β-

lactams. The worldwide dissemination of these MBLs in Gram-negative bacteria poses an increasing 

clinical threat. The MBL TMB-1 (Tripoli Metallo-β-lactamase) was initially discovered in a 

Achromobacter xylosoxidans isolate [1]. Subsequently, TMB-2 from Acinetobacter spp. was detected 

differing from TMB-1 with one single mutation (S228P). Residue E119 is close to the active site, and in-

between a conserved H116xHxD120 motif. Mutation at position 228 has shown to affect the catalytic 

efficiency in GIM-1 MBL [2], while mutation at 119 has only been studied in NDM-1 MBL [3]. 

In this study, three site-directed mutations on TMB-1 were made; E119Q/S/A, and TMB-1, mutants 

and TMB-2 from synthetically made genes. The TMB-1 and TMB-1 varients were expressed and purified 

using affinity and ion exchange purification. Thermofluor stability measurements and enzyme kinetic 

studies have been performed on TMB-1 and the TMB-1 variants. Crystals were obtained of TMB-1. 

The thermal stability measurements indicated that TMB-1 and variants stabilizes with 1 M NaCl. The 

TMB-1 mutants show in general a reduced catalytic efficiency compared to the TMB-1. The results 

showed that the substitution of S228 and E119 had an impact on the catalytic properties of the 

enzyme. 
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PhD 2 

Repair of double methylated bases in DNA 

Almaz Nigatu Tesfahun1, Arne Klungland2, Saulius Klimasauskas3, Svein Bjelland1 

1 Department of Mathematics and Natural Sciences-CORE, University of Stavanger, Stavanger, Norway 

2 Institute of Medical Microbiology, University of Oslo, National Hospital, Oslo, Norway 

 3 University of Vilnius, Vilnius, Lithuania 

 

Methylation is a common type of enzymatic reaction in all kinds of cells. All four bases in DNA can also 

be methylated erroneously, which will contribute to cell death, mutations and cancer. Some of the 

most studied spontaneously methylated bases are 1-methyladenine, 3-methyladenine and 3-

methylcytosine. In mammals, it has been known that 5-methylcytosine (m5C) in DNA is an important 

epigenetic marker and involved in gene regulation. Recently, methylated adenine (6-methyladenine; 

m6A) was detected in eukaryotic DNA. Chemically, both m5C and m6A can be further methylated to 

double-methylated bases. Regarding m5C, the doubly methylated base 4,5-dimethylcytosine (m4,5C) 

has been shown to be introduced enzymatically into DNA by bacterial methyl transferases. However, 

nothing is known whether m4,5C is introduced in DNA erroneously by methylating agents or whether 

it can be enzymatically repaired in cellular DNA. Moreover, our unpublished data indicates that 

exposure of polydm6A oligomer to methylating agent resulted in at least two abundant double-

methylated bases. The purpose of the project is to identify the different double-methylated base 

lesions that may arise in cellular DNA, their repair mechanisms and cellular consequences.  



PhD 3 

Development of mannuronan C-5 epimerases to perform in vitro tailoring and upgrading of alginates 

Annalucia Stanisci1, Anne Tøndervik2, Håvard Sletta2, Gudmund Skjåk-Bræk1, Finn Lillelund Aachmann1 

1 Department of Biotechnology, NTNU, Trondheim, Norway 

2 SINTEF Materials and Chemistry, Department of Biotechnology and Nanomedicine, Trondheim, 

Norway 

 

Alginate is a linear polysaccharide composed of β-D-mannuronic acid (M) and α-L-guluronic acid (G) 

and it has a wide range of industrial, medical and pharmaceutical applications. The bacterium 

Azotobacter vinelandii encodes a family of seven secreted and calcium ion-dependent mannuronan C-

5 epimerases (algE1-algE7) that convert mannuronic acid residues (M) in the alginate chain to guluronic 

acid residues (G). These epimerases consist of two types of structural modules, A-module which 

contains the catalytic site of the enzyme and R-module which is involved in substrate and calcium 

binding, increasing the activity of the enzyme. The engineering of new hybrid mannuronan C-5 

epimerases constituted by the A-module from AlgE6 and the R-module from AlgE4, as well as the 

reduction in size of native epimerases, lead to the development of more efficient epimerases that can 

be used to generate new alginate structures of relevant interest for different applications.  



PhD 4 

Myelin Basic Protein & Myelin Protein Zero: A Comparative Study 

Arne Raasakka1, Anne Baumann1, Robert Barker2,3, Matti Myllykoski4, Jochen Bürck5, Petri Kursula1,4 

1 University of Bergen, Bergen, Norway 

2 University of Dundee, Dundee, UK 

3 Institut Laue-Langevin, Grenoble, France 

4 University of Oulu, Oulu, Finland 

5 Karlsruhe Institute of Technology, Karlsruhe, Germany 

 

Myelin is the insulating lipid structure that wraps around long axonal segments and significantly 

accelerates nerve impulse propagation. A myelin sheath is mostly composed of compact myelin, which 

is poor in water content, lipid-rich, and houses a specific set of proteins that contribute to myelin 

stability and formation. Two of the most central compact myelin proteins are myelin basic protein 

(MBP) and myelin protein zero (P0), which also have relevance in demyelinating diseases. MBP is a 

peripheral membrane protein that stacks membranes by bringing two bilayer leaflets together. P0 is 

an integral membrane protein with an immunoglobulin-like domain, a membrane-spanning helix, and 

a poorly characterized extension (P0ct). 

We compared MBP, an already characterized protein, with P0ct. Both are similar in amino acid 

composition and size. We discovered that both proteins seem to function in a similar manner: both 

are disordered in solution and fold upon membrane-binding. We discovered that both proteins 

undergo membrane insertion and interact with the lipid hydrocarbon tails, but the affinity for 

membranes is mainly governed by electrostatics. The proteins are able to aggregate vesicles and 

present similar molecular repeat distances, as shown using small-angle X-ray diffraction. Atomic 

force microscopy revealed that whereas MBP is able to stack membranes spontaneously, P0ct only 

binds to the surface of membranes without inducing stacking. Our findings hint towards P0ct being a 

membrane-stacking protein as MBP, but it’s action is limited to maintaining stable stacks, leaving 

other factors responsible for inducing the formation of stable myelin during nervous system 

development.  



 

PhD 5 

How does blood group secretor status protect from cholera intoxication? – Structure and interaction 

analysis of carbohydrate binding 

Joël Benjamin Heim1, Julie Elisabeth Heggelund1, Ute Krengel1 

1 Department of Chemistry, University of Oslo, Oslo, Norway 

 

Cholera, caused by the human pathogen Vibrio cholerae, gives rise to the most severe form of diarrhea. 

Infection occurs after ingestion of the bacterium, which then colonizes the human small intestine and 

secretes its major virulence factor - cholera toxin (CT). Key aspects of cholera intoxication are still 

poorly understood, in particular the actual interplay between the toxins and their cellular receptors, 

and the cellular uptake mechanism. Recent studies suggest that the primary CT receptor GM1 may not 

be the only target of CT and that fucosylated receptors, such as blood group antigens, may also be 

important for cellular uptake. In fact, CT is a textbook example for blood group dependent diseases 

and recent results from our group suggest the molecular basis of blood group dependence, i.e. why 

individuals with blood group O experience the most severe symptoms [1]. 

What remains unclear is why so-called ‘secretors’, who display blood group antigens in their mucus 

layer, are protected from severe cholera, but now we have new data to elucidate this question. 
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PhD 6 

Partially Oxidized Alginate Grafted with β-CyD: Characterization and Properties 

Line Aa. Omtvedt1, Marianne Ø. Dalheim1, Thorbjørn T. Nielsen2, Kim L. Larsen2, Berit L. Strand1, Finn 

L. Aachmann1 

1 Norwegian Biopolymer Laboratory (NOBIPOL), Department of Biotechnology, NTNU, Trondheim, 

Norway 

2 Department of Chemistry and Bioscience, Aalborg University, Aalborg, Denmark 

 

Alginate is a linear polysaccharide composed of β-D-mannuronic acid (M) and α-L-guluronic acid (G), 

where mainly G-blocks give alginate its ability to form a gel with divalent cations [1]. Cyclodextrins 

(CyD) consists of α-(1→4) linked α-D-glucosyl units, which have a hydrophilic exterior and a 

hydrophobic cavity [2]. This enables CyD to form inclusion complexes with various hydrophobic 

molecules and moieties [2]. The aim of this study was to combine the gel forming ability of the alginate 

with the capability of CyD to form inclusion complexes (figure 1). This can potentially be used as a 

controlled release system of biomedically relevant molecules such as drugs, proteins and peptides. β-

CyD has previously been grafted to the carboxyl-groups in alginate [3,4]. Here, β-CyD was grafted to 

partially oxidized alginate using reductive amination and click-chemistry. The covalent binding of 

alginate and β-CyD was confirmed with 1H-NMR and DOSY. The amount of β-CyD grafted to the alginate 

was determined by 1H-NMR. Alginate gel-beads incorporated with the grafted alginate showed a 

prolonged release of the color compound methyl orange compared to beads made of non-modified 

alginate with/without non-grafted β-CyD. In 

addition, faster dissolution of the gel-beads 

incorporated with the grafted alginate was 

observed. Mechanical properties of gels made of 

β-CyD grafted alginate and stipe alginate were 

also examined, and showed that the Young’s 

modulus value could be controlled by varying 

the ratio of modified alginate mixed with the 

stipe alginate. 
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PhD 7 

Development of Covalently Binding Tyrosine Kinase Inhibitors 

Marc Boomgaren1, Osman A.B.S.M. Gani2, Richard Engh2, Jørn Hansen1  

1 Organic Chemistry Group, Department of Chemistry, UiT – The Arctic University of Norway, Tromsø, 

Norway 

2 The Norwegian Structural Biology Centre (Norstruct), Department of Chemistry, UiT – The Arctic 

University of Norway, Tromsø, Norway 

 

Drug resistance in approved anticancer agents is a problem in current cancer treatment. Tinibe, a stem 

of highly active nonreceptor tyrosine kinase inhibitors (TKI), are the gold standard for the therapy of 

chronic myelogenous leukemia (CML) and are also approved for malignant gastrointestinal stromal 

tumors (GISTs) treatment. Tyrosine kinases are involved in complex cascades of cell growth, 

differentiation and apoptosis control and work through self-regulated transfer of phosphate groups. 

Gene mutations lead to deregulated kinase activity and result in uncontrolled cell proliferation of 

myeloid cells. The multi-target TKIs Imatinib and Dasatinib bind noncovalently at the active site of 

specific tyrosine kinases and reduce the cancer progress through down-regulation. Unfortunately, 

enzyme mutations significantly decrease the drug potential of Imatinib and results in resistance against 

known TKIs. The aim of this project is to 

create a library of new TKIs containing the 

pyrimidyl-aminothiazole scaffold (figure). 

This research is aided by in silico kinase 

studies to predict optimal interactions 

between compounds and target enzymes. In 

comparison with imatinib and dasatinib, the 

new compounds are designed to covalently 

bind to cysteines, close to the kinase active 

site, as a key feature for enhancing the 

binding affinity and selectivity. 

 

  



PhD 8 

hSMUG1-catalysed uracil-DNA strand incision 

Marina Alexeeva1, Marivi N. Moen1,2, Xiang Ming Xu1, Anette Rasmussen3, Finn Kirpekar3, Arne 

Klungland2, Svein Bjelland1 

1 Department of Mathematics and Natural Sciences-CORE, University of Stavanger, Stavanger, Norway 

2 Institute of Medical Microbiology, University of Oslo, National Hospital, Oslo, Norway 

3 Department of Biochemistry and Molecular Biology, University of Southern Denmark, Odense, 

Denmark 

 

Hydrolytic deamination of cytosine to uracil in DNA is a primary damaging event, and uracil formed 

this way is replaced by the correct base prior to replication to avoid generation of C to T transition 

mutations. Cells are equipped with several uracil-DNA glycosylases (UDGs) to excise uracil from DNA, 

which initiates the base excision repair (BER) pathway. We show that repair initiation by hSMUG, back-

up UDG of human cells, involves strand incision at the lesion site resulting in a 3´-α,β-unsaturated 

aldehyde [designated uracil-DNA incision product (UIP)] and a 5´-phosphate. This activity is 

demonstrated indirectly but quantitatively by polyacrylamide gel electrophoresis (PAGE) and 

confirmed chemically by matrix-assisted laser desorption/ionisation (MALDI) time-of-flight (TOF) mass 

spectrometric (MS) analysis of DNA from enzyme reactions in the presence of 18O- or 16O-water. We 

propose how certain active site amino acid residues of hSMUG1 activate H2O as a general base to 

abstract a proton from the 2´-C, causing 2´–3´ carbon double bond formation and phosphodiester bond 

cleavage, where the electron-withdrawing effect of the 1´-C formyl group facilitates H+ departure. Our 

findings challenge the commonly accepted view that all UDGs are mono-functional enzymes.  

   



PhD 9 

Carotenoid oxygenases in action: why all salmons are not equally red? 

Nina Zoric1, Jacob Torgersen1, Dag Inge Våge1 

1 Centre for Integrative Genetics, Department of Animal and Aquaculture Sciences, NMBU, Ås, Norway  

 

Atlantic salmon is widely recognized by its pink-red flesh coloration. The flesh color is caused by 

accumulation of carotenoid pigments, provided through a diet rich in crustaceans. Deposition of 

carotenoids in muscle tissue is a unique life history trait only found in a few genera of the fish family 

Salmonidae. In fish farming synthetic carotenoids must be added to the feed, which is expensive and 

pigment retention in muscle tissue is low. It is therefore important, both from a biological and a 

commercial point of view, to increase the understanding of molecular mechanisms influencing uptake, 

transport, deposition and degradation of carotenoids in salmon.  

In mammals, two carotenoid cleaving enzymes are known; beta-carotene 15,15′-oxygenase (BCO1) 

and beta-carotene 9′,10′-oxygenase (BCO2). BCO1 is a key enzyme in vitamin A synthesis, as it 

symmetrically cleaves beta-carotene into two molecules of retinal (vitamin A), while BCO2 is 

responsible for asymmetric cleavage of a broader range of carotenoids. Bco gene family in Atlantic 

salmon contains five members, three bco2 and two bco1 paralogs. In recent GWAS study in Atlantic 

salmon, two adjacent bco1 paralogs (bco1 and bco1like) have been related to variation in flesh color. 

Both paralogs are expressed, thus likely to be functional and involved in carotenoid metabolism in 

salmon. However, we are still not sure what the precise roles of the two paralogs are, how they 

function, which substrates they utilize and whether bco1 or bco1like is the main responsible for the 

astaxanthin cleavage and thus flesh coloration.  

In zebrafish, BCO1 cleaves beta-carotene into two molecules of retinal (vitamin A). BCO1 plays a vital 

role during the zebrafish development, as deficient embryos displayed impaired retinoic acid-

dependent development. This indicates that the bcmo1like product could not compensate for the 

retinal deficiency and that the two genes developed divergent roles.  

In order to clarify the roles of BCO1 and BCO1LIKE and determine which of the two is involved in the 

flesh coloration of Atlantic salmon, we will express the two cDNAs’, purify proteins and run enzymatic 

assays to compare their substrate specificity. 

  



PhD 10 

Structural elucidation of highly active chorismate mutase variants obtained by directed evolution 

Helen V. Thorbjørnsrud1, Jurate Kamarauskaite2, Daniel Burschowsky1, Peter Kast2, Ute Krengel1 

1 Department of Chemistry, University of Oslo, Oslo, Norway 

2 Laboratory of Organic Chemistry, ETH Zurich, Switzerland 

 

The shikimate pathway is the biosynthetic pathway for production of the aromatic amino acids. DAHP 

synthase (DS) catalyzes the first step in the pathway, and the central branch point enzyme, chorismate 

mutase (CM), catalyzes the conversion of chorismate to prephenate, funneling the pathway towards 

the synthesis of phenylalanine (Phe) and tyrosine (Tyr) as opposed to tryptophan (Trp).  

The chorismate mutase of Mycobacterium tuberculosis (MtCM) has a low catalytic activity compared 

to other CM enzymes, but the activity increases by more than a 100-fold upon formation of a complex 

with DAHP synthase (MtDS). 

Directed evolution was utilized in the laboratory of Prof. Peter Kast to improve the naturally sluggish 

activity of MtCM and discover highly active enzyme variants. Randomized mutations were stringently 

selected for activity in the absence of MtDS enabling the discovery of variants with activity that exceeds 

the activity of the activated MtCM of the MtCM-MtDS complex. The crystal structure of the most active 

variant has been solved (1.6 Å) and is in the advanced stages of refinement. 

A comparison of the structures of MtCM wild type, the MtCM part of the MtCM-MtDS complex and 

the structure of the active MtCM variant allows for examination of how specific residues and structural 

features correlates with increased catalytic activity. The inspection of variants that represent 

intermediates between the most active variant and wild type MtCM allows for further elucidation of 

the contributions from key amino acids. 

  



PhD 11 

Interactions of a fungal lytic polysaccharide monooxygenase with β-glucan substrates and cellobiose 

dehydrogenase 

Gaston Courtade1, Reinhard Wimmer2, Åsmund K. Røhr3, Marita Preims4, Alfons K.G. Felice4, Maria 

Dimarogona5, Gustav Vaaje-Kolstad3, Morten Sørlie3, Mats Sandgren5, Roland Ludwig5, Vincent G. H. 

Eijsink3, Finn L. Aachmann1 

1 Norwegian Biopolymer Laboratory (NOBIPOL), Department of Biotechnology, NTNU, Trondheim, 

Norway 

2 Department of Chemistry and Bioscience, Aalborg University, Aalborg, Denmark 

3 Department of Chemistry, Biotechnology and Food Science, NMBU, Ås, Norway  

4 Food Biotechnology Laboratory, Department of Food Science and Technology, Vienna Institute of 
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5 Department of Chemistry and Biotechnology, Swedish University of Agricultural Sciences, Uppsala, 
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Lytic polysaccharide monooxygenases (LPMOs) are key components of enzymatic biomass (e.g. chitin 

and cellulose) degradation processes. LPMOs catalyze a reaction cycle that requires copper, molecular 

oxygen and an electron donor, such as cellobiose dehydrogenase (CDH). Docking models have 

suggested that residues on the surface of the LPMO, near the copper site, interact with the cytochrome 

domain of CDH during electron transfer. However, experimental data that could clarify interactions of 

AA9 LPMOs with their substrates and CDH are lacking. In this study, we have used NMR and ITC to 

study the interactions between a fungal LPMO and three soluble substrates and CDH. In addition, we 

have analyzed the structure and dynamic features of the LPMO in solution. The results reveal potential 

adaptations of the LPMO surface to varying substrates and unambiguously show that both the 

substrate and CDH bind to a patch that is focused around the copper site. In addition to providing 

insights into enzyme-substrate interactions in LPMOs, the present observations shed new light on 

possible mechanisms for electron supply during LPMO action. 

  



PhD 12 

Characterization of alginate gels with chitooligosaccharides of varying composition as crosslinkers 

Yiming Feng1, Georg Kopplin1 and Kjell M. Vårum1 

1 Department of Biotechnology, NTNU, Trondheim, Norway 

 

Recently a new gelling system of the polycation alginate only containing mannuronic acid (polyM) with 

chitooligosaccharides (CHOS) as crosslinker was introduced, which is biocompatible and have potential 

applications in, e.g., tissue engineering, cell immobilization and drug release [1]. The two oppositely 

charged polyelectrolytes are mixed at a pH where the amino-groups of CHOS is uncharged, then 

decreasing the pH in a controlled way by adding D-Glucono δ-lactone which protonates the amino-

groups of CHOS to form an ionic gel. This procedure means that the CHOS crosslinkers must be soluble 

at neutral pH-values, which is a bottleneck for forming relatively strong alginate gels because the fully 

deacetylated CHOS are neutral-soluble only for the chain length (degree of polymerization, DP) up to 

10, while the fully deacetylated CHOS with higher DP are insoluble at neutral pH. It is known that 

introducing acetylated units in the chitosan chain will improve the neutral-solubility of chitosan [2]. In 

order to increase the neutral solubility of CHOS with higher DP, we have introduced acetylated units 

in the CHOS in two different ways, the first at the reducing end units (and their nearest neighbor) and 

the second at random in the CHOS. The results of the neutral solubilities of individual CHOS with 

acetylation at the end units and in the chains have been compared to the neutral solubility of fully 

deacetylated CHOS. Furthermore, the mechanical strength of hydrogels between alginate (polyM) and 

individual CHOS of varying chemical composition will be reported. 
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