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Invited letures 
 
IL01 
 
Integrated Metabolomics and Mass Spectrometry Imaging In Marine Drug Discovery and Chemical Ecology 
 
Tasdemir Deniz 
GEOMAR Helmholtz Centre for Ocean Research Kiel, KIEL, Germany 
 
Marine natural products (MNP) research is experiencing a paradigm shift towards microbes due to recognition of the 
holobiont concept, plus the demonstrated/predicted microbial origin of many bioactive MNPs. However only 1% of the 
microbial diversity is cultivable in laboratory conditions leading to the ‘microbial dark matter’ in which large portions of 
biosynthetic gene clusters remain dormant. This renders chemical capacity of marine microbes inaccessible. Other 
challenges involve the very low (<2%) annotation rate of MNPs by classical metabolomics approaches and lack of 
insights into roles of MNPs in host-microbe or microbe-microbe interactions that underlie their pharmacological 
activities. All these major obstacles require innovative and high throughput methods. In order to address 
microbiological dark matter and to enhance cultivability and chemodiversity of marine microorganisms, we apply 
OSMAC, co-cultivation and microchip techniques. The remaining dark matters are dealt with LC-HRMS/MS based 
molecular networks and other automated metabolomics tools that significantly increase annotation rates of MNPs and 
allow prediction/mapping the bioactivity to molecular networks. Imaging mass spectrometry (IMS) extends the power 
of MS by providing the chemical/spatial information on marine surfaces. This presentation will summarize our 
integrated research combining massive metabolomics, chemical imaging, microbiome and traditional bioassays in 
marine biodiscovery and chemical ecology. 
 
 
IL02 
 
Is there a future for natural products as anti-infective agents? 
 
Paul Cos 
University of Antwerp, ANTWERP, Belgium 
 
There is still a great interest in plant-derived compounds as potential antibacterial agents (1). The compounds can act 
in three different ways, i.e. direct antibacterial activity, anti-virulence or resistance-modifying activities. During the last 
few decades most research efforts have focused on finding novel antibiotics from plants. The outcome was very 
disappointing, especially for compounds with an activity against Gram-negative bacteria. The more promising 
strategies for plant-derived compounds are those that study their anti-virulence and resistance-modifying activities. 
This paradigm shift is now ongoing, but several hurdles may hamper its success. First, more complex and expensive 
bioassays are required for this type of research. Second, the correct interpretation of the results is difficult and prone 
to artefacts. Third, one should look for combination therapies with existing antibiotics, again complicating the set-up 
and interpretation of experiments. Nevertheless, recent publications are very promising and should encourage more 
researchers to study natural products as potential anti-infective agents. 
(1) Bidart de Macedo Maira et al., Anti-infective agents: the example of antibacterial drug leads, Ethnopharmacology 
/ Heinrich, Michael [edit.]; et al. - ISBN 978-1-118-93074-8 - Malden, Mass., Wiley-Blackwell, 2015, p. 111-121 
 
 
Reference :  
Laboratory for Microbiology, Parasitology and Hygiene (LMPH), Department of Pharmaceutical Sciences, University 
of Antwerp, Universiteitsplein 1, B2610 Antwerp, Belgium, paul.cos@uantwerpen.be 
 
 
 
IL03 
 
Induced expression of antimicrobial peptides to fight infections 
 
Guðmundur Hrafn Guðmundsson 
University of Iceland, REYKJAVIK, Iceland 
 
Induced expression of human antimicrobial peptides has been the emphasis of our research. This approach could be 
an alternative to antibiotic treatment. Background of the basic concept will be covered in the talk. Possible usage for 
the induction of innate immunity against selected infections in animal models will be discussed as host directed therapy 
(HDT). A cell model for selecting novel inducers of innate immunity has been used. The discovery of the most recent 
novel inducers and their activity with respect to regulation of innate immunity, affected gene expression, specific 
epithelial responses and possible molecular mechanism will be presented in details. 
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Reference :  
Clark, Chase M.; Costa, M. S.; Sanchez, L. M.; Murphy, B. T. Proceedings of the National Academy of Sciences 
2018, 115, 4981. 
 
 
 
Sesson 2 
 
L03 
 
Chemistry of fish killing microalgal toxins in genus Prymnesium 
 
Thomas Ostenfeld Larsen 
Technical University of Denmark, KGS. LYNGBY, Danmark 
 
Species in genus Prymnesium are haptophyte microalga that form blooms leading to devastating fish kills worldwide. 
The most famous species within this genus is by far P. parvum known for production of ladder frame polyethers called 
prymnesins. Today, the structures of A- and B- type prymnesins have been characterized like MS/MS analysis 
indicates the presence of a C-type. In order to investigate the chemodiversity within P. parvum we screened 26 strains 
of P. parvum with a wide geographical distribution for their production of prymnesins. To our surprise this showed that 
the diversity of prymnesins is much larger than previously thought, since we could tentatively describe 51 different 
molecular features (9 A-type, 12 B-type and 30 C-type prymnesins). Furthermore, we performed phylogenetic 
analyses based on internal transcribed spacer (ITS) sequences, both ITS-1 and ITS-2. A monophyletic origin of all 
types of prymnesins was revealed and clades could be defined by their type of toxic compound produced. This 
suggests that evolution of new species within the P. parvum species complex could be driven by changes in toxin 
type. Chemotaxonomy and ITS-type classification may thus be used to further delimit the P. parvum species complex. 
 
Reference :  
Binzer, S.B., Svenssen, D.K., Daugbjerg, N., Alves-de-Souza, C., Pinto, E., Hansen, P.J., Larsen, T.O., Varga, E. A-
, B- and C-type prymnesins are clade specific compounds and chemotaxonomic markers in Prymnesium parvum. 
Harmful Algae, 2019, 81, 10-17. doi.org/10.1016/j.hal.2018.11.010 
 
 
L04 
 
Synthesis and biological evaluations of new phenazine 5,10-dioxides with antileukemic and antimicrobial 
activities derived from the natural products myxin and iodinin 
 
Elvar Örn Viktorsson 
University of Iceland, REYKJAVIK, Iceland 
 
 
Heterocyclic aromatic N-oxides are of rare occurrence in nature although they often display potent biological effects.1 
The phenazine 5,10-dioxide natural products myxin and iodinin are well known examples (Fig. 1).2 Recent efforts have 
revealed iodinin to be a potent selective apoptotic inducer of leukemic cell death.3,4 Myxin on the other hand is a potent 
broad-spectrum antimicrobial agent.5 The presented work will cover the synthesis, biological evaluations and SAR 
results of new phenazine 5,10-dioxides aimed towards selective targeting of acute myeloid leukemia. Preliminary 
antimicrobial evaluations will also be discussed.  
 
 

  
 

Abstract figure: Preparation of new analogs of the natural products iodinin and myxin for SAR studies in various cell lines.  
  
 

Reference :  
Org. Lett, 2016, 18, 2495. 
Annu. Rev. Phytopathol, 2006, 44, 417. 
Antimicrob. Agents. Ch, 1970, 10, 46. 
Bioorg. Med. Chem, 2017, 25, 2285. 
Mar. drugs, 2013, 11, 332. 
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Reddy, A. S.; Zhang, S. Expert Review of Clinical Pharmacology 2013, 6, 41 
Hughes, R. E.; Nikolic, K.; Ramsay, R. R. Frontiers in neuroscience 2016, 10, 177 
Kowal, N. M.; Indurthi, D. C.; Ahring, P. K.; Chebib, M.; Ólafsdóttir, E. S. Molecules 2019, 24, 446 
Ramsay, R. R.; Popovic-Nikolic, M. R.; Nikolic, K.; Uliassi, E.; Bolognesi, M. L. Clinical and translational medicine 
2018, 7, 3 
 
 
Session 4 
 
L10 
 
Using herbarium collections as a source of comparative chemical data over time and space 
 
Nina Rønsted 
Natural History Museum of Denmark, COPENHAGEN, Danmark 
 
Herbarium samples are a unique research structure presenting records in time and place, which can be used for 
studying distribution patterns of different traits such as occurrence data of rare taxa, invasive weeds and plant 
pathogens. Changes in flowering times, herbivory, or composition of a flora can also be studied. Although destructive 
sampling is generally not recommended from type specimens and more valuable collections, many species are 
represented by multiple collections, and smaller samples can be used for DNA studies or chemical studies. Herbarium 
specimens are often considered unsuitable for chemical studies because of challenges with expected degradation of 
chemical metabolites potentially rendering chemical data uncomparable across specimens or to modern samples. In 
this presentation, examples will be given of possible applications. A case study of volatile terpenoid profiles using 150 
years of herbarium collections of four medicinal species of Salvia across the Mediterranean show strong species effect 
despite lower amounts compared to modern samples. Another case study using herbarium moss samples for 
biomonitoring of atmospheric deposition of persistent organic pollutants (POPs) in Greenland show clear changes 
across the 20th century, primarily related to changing industry. 
 

 
Abstract figure: Salvia species for chemical studies using herbarium specimens  

 
Reference :  
Jafari Foutami I, Mariager T, Rinnan R, Barnes CJ, Rønsted N. Hundred fifty years of herbarium collections provide 
a reliable resource of plant metabolite data showing strong species effect in medicinal species of Salvia across the 
Mediterra 
 
 
L11 
 
Structural polysaccharide composition of Aloe species correlates with growth habit rather than phylogeny 
or medicinal use 
 
Louise Isager Ahl1, Christopher Barnes1, Henriette L. Pedersen1, Bodil Jørgensen2, William G. T. Willats3, Olwen M. Grace4, Nina 
Rønsted1 
1Natural History Museum of Denmark, COPENHAGEN, Denmark 
2University of Copenhagen, COPENHAGEN, Denmark 
3University of Newcastle, NEWCASTLE, United Kingdom 
4Royal Botanic Gardens, Kew, RICHMOND, United Kingdom 
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Aloe vera inner leaf mesophyll (Aloe gel) supports a large global industry1. The genus Aloe contains over 500 species 
with approximately 25% being used medicinally and it is unclear why only a few species of Aloe dominate the global 
market2. The bioactive polysaccharides of Aloe vera gel have been extensively studied and the main bioactive 
component is thought to be an acetylated glucomannan. Genus-wide studies of polysaccharide compositions have 
been a missing link in understanding what determines this composition and whether the global market dominance of 
Aloe vera is correlated with a distinct polysaccharide profile.  
We used the high-throughput capacity of Carbohydrate Microarray Polymer Profiling3 to analyse 94 species 
representing the diversity of aloes. The presence of six major groups of polysaccharides were targeted using 27 
different monoclonal antibodies. Multivariate linear modelling of geographic region, biome, altitude, medicinal use, and 
habit, showed habit to be the predominant factor in predicting polysaccharide composition. A correlation with habit 
may be explained by the function of polysaccharides in cell wall structure. There was no correlation between Aloe 
phylogeny and their polysaccharide profiles, while it was not possible to differentiate the profiles of Aloe vera and other 
commercial species from non-commercially used species. 
 
Reference :  
1. Grace, O. M. Current perspectives on the economic botany of the genus Aloe L. (Xanthorrhoeaceae). South 
African J. Bot. 77, 980–987 (2011). 
2. Grace, O. M. et al. Evolutionary history and leaf succulence as explanations for medicinal use in aloes and the 
global popularity of Aloe vera. BMC Evol Biol 15, 29 (2015). 
3. Ahl, L. I. et al. Analyses of Aloe polysaccharides using carbohydrate microarray profiling. J. AOAC Int. 101, 1711–
1719 (2018). 
 
 
L12 
 
Ethnobotany of Iceland Moss (Cetraria islandica): DNA barcoding, chemotaxonomy, phylogeography and 
future perspectives 
 
Maonian Xu1, Starri Heidmarsson2, Sesselja Omarsdottir1, Elin Olafsdottir1 
1University of Iceland, REYKJAVIK, Iceland 
2Icelandic Institute of Natural History, AKUREYRI, Iceland 
 
Iceland Moss is a lichen taxon named after its major lichen-forming fungus Cetraria islandica. It has been prepared as 
herbal tea and tincture, and used as a traditional medicine for the treatment of oral or pharyngeal irritation and 
associated dry cough. In Iceland, it is also used as a food ingredient in milk soup and bread, etc. However, the 
identification of C. islandica remains a problem, in terms of its high morphological and chemical variations and similarity 
to its sister lichen taxon C. ericetorum. They were collectively called C. islandica complex. The current study aimed to 
explore the use of DNA barcoding and chemical profiling to identify C. islandica, and to investigate the correlation 
between chemotypes and geographic distribution. In DNA barcoding analysis, the RPB2 locus outperformed the 
widely used fungal nrITS barcode. Chemical profiling combined with multivariate data analysis could recognize two C. 
islandica chemotypes and C. ericetorum. Phylogenetic analysis of over 160 specimens suggests that chemotypes 
show certain evolutionary independence, where fumarprotocetraric acid (FA)-deficient chemotype is only distributed 
in north Iceland, and the FA-producing one grows all around Iceland. On-going and future studies on Icelandic C. 
islandica will also be introduced, including fungal and algal cultivation, mycotoxin production. 
 
Reference :  
Kristinsson, H. The Bryologist 1969, 72, 344. 
Xu, M; Heidmarsson, S; Thorsteinsdottir, M; Kreuzer, M; Hawkins, J; Omarsdottir, S; Olafsdottir, E.S. Food 
Chemistry 2018, 245, 989. 
 
 
Session 5 
 
L13 
 
Chemography and the Biological Activity of Natural Products 
 
Anders Backlund 
Uppsala University, UPPSALA, Sweden 
 
The concept of chemography, navigating chemical space, have over the last decade been applied to a number of 
studies of natural products . 
It has been demonstrated that the concept of proximity in the ChemGPS-NP eight-dimensional chemical property 
space can be interpreted as a molecular similarity (Rosén et al., 2009), and hence a proxy for the expected biological 
activity of a particular compound (Buonfiglio et al., 2015). 
Combined with methods to define volumes from asymmetric ‘clouds’ of compound representations, and estimating if 
a specific compound representation is included in that volume, this provide us with a way of predicting biological activity 
for a compound – or indicating that an observed activity might be a result of a novel mode of action (e.g. Korinek et 
al., 2017; Yang et al., 2017, and Xu et al., 2018). 
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The basis of an efficient exploration of these possibilities, will be the definition of high-quality reference sets for different 
biological activities, effectively acting as placeholders. In this study examples of applications are discussed. 
 
In the figure is shown a ChemGPS-NP-based analysis for a series of briarane-type diterpenoids active in an inhibition 
assay of COX-2, and 2,592 previously studied COX-2 inhibitors from the ChEMBL database. 
 

 
Abstract figure: ChemGPS-NP-based analysis for a series of briarane-type diterpenoids active in an inhibition assay of COX-2.  
 
Reference :  
Buonfiglio, R.; Engkvist, O.; Várkonyi, P.; Henz, A.; Vikeved, E.; Backlund, A.; Kogej, T. 
Journal of Chemical Information and Modelling 2015, 55, 2375. 
Korinek, M.; Tsai, Y.-H.; El-Shazly, M.; Lai, K.-H.; Backlund, A.; Wu, S.-F.; Lai, W.-C.; Wu, T.-Y.; Chen, S.-L.; Wu, 
Y.-C.; Cheng, Y.-B.; Hwang, T.-L.; Chen, B.-H.; Chang, F.-R. 
Frontiers in Pharmacology 2017,8, Article 356; doi:10.3389/fphar.2017.00356 
Rosén, J.; Gottfries, J.; Muresan, S.; Backlund, A.; Oprea T. 
Medicinal Chemistry 2009,52, 1953. 
Xu, J.-H.; Lai, K.-H.; Su, Y.-D.; Chang, Y.-C.; Peng, B.-R.; Backlund, A.; Wen, Z.-H.; Sung, P.-J. 
Marine Drugs 2018,16, 75. 
Yang, L.; Chai, C.-Z.; Yan, Y.; Duan, Y.-D.; Henz, A.; Zhang, B.-L.; Backlund, A.; Yu, B.-Y. 
Molecules 2017,22, 1392. 
 
 
L14 
 
Triterpenoid saponin structure-activity relationships: biological activity, ecological function and evolution 
 
Søren Bak 
University of Copenhagen, FREDERIKSBERG C, Danmark 
 
Background: Triterpenoid saponins comprise a highly diverse group of specialised metabolites that have evolved 
recurrently in the plant Kingdom. They are amphipathic molecules thought to be toxic by complexing with membrane 
sterols. 
Methods: We are employing a combination of metabolomics, QTL analysis and NGS sequencing to develop the 
genus Barbarea as a model system for evolution and ecology of chemical defense compounds. 
Findings: We have identified a number of genes involved in saponin biosynthesis in Barbarea vulgaris. Reconstitution 
of the pathway in yeast and/or tobacco leaves showed that the pathway enzymes take multiple substrates and produce 
multiple products, explaining how a few genes can produce the observed structural diversity. A combination of in 
planta pathway reconstitution, in vitro enzymatic production, and bioassays, revealed that C22 hydroxylation is 
important for insect herbivore resistance. CYP72A552 catalyzes this C22 hydroxylation, which causes significant 
reduced feeding and high larval mortality to the tobacco hornworm and diamondback moth larvae. 
Conclusions: Structure-activity relationship studies have unraveled which chemical features of saponins influence 
toxicity to specific insect herbivores. Our study highlights evolution of chemical novelties by gene duplication, 
neofunctionalization of enzymes, and the importance of continued chemical modifications as a driver in evolution of 
plant defense. 
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Abstract figure for L14 

 
Reference :  
Liu Q, Khakimov B, Cárdenas PD, Cozzi F, Olsen CE, Jensen KR, Hauser TP, Bak S. The cytochrome P450 
CYP72A552 is key to production of hederagenin-based saponins that mediate plant defense against herbivores. 
New Phytol. 2019.  
 
Byrne SL, Erthmann PØ, Agerbirk N, Bak S, Hauser TP, Nagy I, Paina C, Asp T. The genome sequence of 
Barbarea vulgaris facilitates the study of ecological biochemistry. Sci Rep. 2017 7:40728.  
 
Khakimov B, Kuzina V, Erthmann PØ, Fukushima EO, Augustin JM, Olsen CE, Scholtalbers J, Volpin H, Andersen 
SB, Hauser TP, Muranaka T, Bak S. Identification and genome organization of saponin pathway genes from a wild 
crucifer, and their use for transient production of saponins in Nicotiana benthamiana. Plant J. 2015 84(3):478-90. 
 
 
L15 
 
Lichen polyketide synthases - lost in translation: Challenges with heterologous expression in Aspergillus 
oryaze 
 
John Sorensen 
University of Manitoba, WINNIPEG, Canada 
 
Lichen fungi remain one of the most underdeveloped sources of novel bioactive natural products.1 This is due to 
challenges that result from the slow growth of the symbiotic organism.2 Our research program has identified 
biosynthetic gene clusters in the genome of the lichen Cladonia uncialis.3 We have carried out the sequencing, 
assembly and annotation of the genome and as a result, we have identified approximately 50 biosynthetic gene 
clusters that code for small molecule biosynthesis. 3 A large number of these clusters have a gene that codes for a 
polyketide synthase. Numerous accessory genes, such as methyl transferases and hydroxylases, flank each of these 
polyketide synthase genes. Based on homology to genes characterized from non-lichen fungi we have been able to 
propose function for some of these gene clusters.4 
We have been using the filamentous fungus Aspergillus oryaze as platform for heterologous expression.5 We have 
focused on the gene cluster involved in usnic acid biosynthesis.6 This talk will outline the challenges that we have 
encountered in heterologous expression of biosynthetic genes from C. uncialis in A. oryaze.  We will present some of 
the challenges that we have encountered in successfully achieving heterologous expression and describe our plans 
to overcome them. 

 
Abstract: figure for L15 
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Reference :  
Boustie, J.; Grube, M. Plant Genetic Resources 2005, 3, 273. 
Calcott, M. J.; Ackerley, D. F.; Knight, A.; Keyzers, R. A.; Owen, J. G. Chemical Society Reviews 2018, 47, 1730. 
Bertrand, R. L.; Abdel-Hameed, M.; Sorensen J. L. Journal of Natural Products 2018, 81,723. 
Bertrand, R. L.; Abdel-Hameed, M.; Sorensen J. L. Journal of Natural Products 2018, 81, 732. 
He, Y.; Wang, B.; Chen, W.; Cox, R.; He, J.; Chen, F. Biotechnology Advances 2018, 36, 739. 
6. Abdel-Hameed, M.; Bertrand, R.; Piercey-Normore, M.; Sorensen J. L. Fungal Biology 2016, 120, 306 
 
 
L16 
 
Characterization of the 3-Methyl Orsellinic Acid Biosynthetic Pathway in Aspergillus nidulans 
 
Xinhui Wang, Thomas Ostenfeld Larsen, Jakob Blæsbjerg Hoof, Marie Louise Klejnstrup, Charlotte Held Gotfredsen, Uffe Hasbro 
Mortensen 
Technical University of Denmark, KONGENS LYNGBY, Denmark 
 
It is well known that the filamentous fungus Aspergillus nidulans produces 3-methyl orsellinic acid (3-MOA) and 
cichorine, which are related to the same gene cluster. However, the 3-MOA biosynthetic pathway has only been 
partially characterized. Especially, some oxidative and reductive steps have not been fully clarified yet. The core 
polyketide encoding gene pkbA is harbored in an eight membered gene cluster, which altogether putatively encode 
both decorating enzymes and a transcription factor (TF). The fact that A. nidulans has three other gene clusters 
encoding biosynthesis of variants of orsellinic acid altogether complicates the elucidation of the 3-MOA pathway, since 
cross chemical reactions between the pathways are likely to occur. To get new insights into how 3-MOA is converted 
to cichorine, we reexamined the mutant strains, with a special focus on knockout of the O-methyltransferase encoding 
gene. The resulting metabolite profiles were dereplicated based on HPLC-DAD-HRMS analysis. So far several 
metabolites have been linked to the gene cluster for the first time, and some still uncharacterized likely novel 
compounds. Altogether, this presentation will provide new genetic and biochemical insights for understanding the 
structural diversity of this important family of non-reduced polyketides, including a proposed pathway for all identified 
compounds. 
 
Reference :  
[1] von Döhren H. Fungal Genetics and Biology 2009, 46(1): S45-S52. 
[2] Nielsen, M. L., Nielsen, J. B., Rank, C., Klejnstrup, M. L., Holm, D. K., Brogaard, K. H., ... & Mortensen, U. H. 
FEMS microbiology letters 2011, 321(2), 157-166. 
[3] Ahuja, M., Chiang, Y. M., Chang, S. L., Praseuth, M. B., Entwistle, R., Sanchez, J. F., ... & Wang, C. C. Journal of 
the American Chemical Society 2012, 134(19), 8212-8221. 
[4] Sanchez, J. F., Entwistle, R., Corcoran, D., Oakley, B. R., & Wang, C. C. MedChemComm 2012, 3(8). 
[5] Andersen, M. R., Nielsen, J. B., Klitgaard, A., Petersen, L. M., Zachariasen, M., ... & Mortensen, U. H. 
Proceedings of the National Academy of Sciences 2013, 110(1), E99-E107. 
 
L17 
 
Integrating metabolome and microbiome along a depth gradient in sponges 
 
Karin Steffen1, Anak Agung Gede Indraningrat2, Ida Erngren1, Jakob Haglöf1, Paco Cárdenas1, Detmer Sipkema2 
1Uppsala University, UPPSALA, Sweden 
2Wageningen University & Research, WAGENINGEN, Nederland 
 
Sponges are associated with a rich and diverse microbiome and metabolome, and a link betwenn both has been 
hypothesised. Thus, investigating environmental and microbial contributions to the sponge holobiont natural product 
production is relevant for bioprospecting and understanding deep-sea ecology. 
We assessed microbiome by amplicon sequencing and metabolome by UPLC-HRMS in three deep-sea 
demosponges (Geodia barretti, Stryphnus fortis, Weberella bursa) sampled along a slope in the North Atlantic Davis 
Strait (244–1481 m depth) to investigate variations with depth and generate hypotheses about which bacteria produce 
natural products. We used OPLS models to address microbiome and metabolome variations and built microbial 
interaction networks to designate candidate producers of the anti-biofouling compound barettin. 
We found that depth has an effect on microbiome and metabolome with a shift around 1000 m and signal from putative 
osmoprotectants increased with depth. Known bioactive compounds for G. barretti decreased below 1000 m. From 
the microbial interaction network, we suggest OTUs belonging to the phyla Chloroflexi, Acidobacteria, Proteobacteria 
and Gemmatimonadetes as producers for the anti-biofouling compound barettin. 
Deep specimens have a unique microbiome and metabolome, and therefore have an inherent potential for future 
bioprospecting. Integrative omics can help generate hypotheses on natural product production. 
 
 
Reference :  
Manuscript in preparation. 
Quantifying variations of microbiota and metabolome composition in deep-sea sponges - implications for chemical 
ecology and bioprospecting 
Karin Steffen, Anak Agung Gede Indraningrat, Ida Erngren, Jakob Haglöf, Leontine E. Becking, Hauke Smidt, Igor 
Yashayaev, Ellen Kenchington, Paco Cárdenas & Detmer Sipkema. 
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Session 6 
 
L18 
 
Genomics Driven Discovery and Engineering of Fungal Polycyclic Polyketides 
 
Karolina Subko, Peter B. Wolff, Sebastian Theobald, Jens C. Frisvad, Charlotte H. Gotfredsen, Mikael R. Andersen, Uffe H. 
Mortensen, Thomas O. Larsen 
Technical University of Denmark, KGS. LYNGBY, Denmark 
 
Tetracyclic compounds (TCs) represents an important group of secondary metabolites (SM) exhibiting a broad variety 
of antimicrobial and cytotoxic activities. In filamentous fungi their backbone structures are synthesised by iterative non-
reducing polyketide synthases (NR-PKSs) that undergo regioselective cyclizations as well as further enzymatic 
modifications. In this study genome sequences of more than 100 species in genus Aspergillus were mined against 
selected polycyclic NR-PKS gene sequences, which identified A. sydowii as a promising candidate for novel TC 
production. However, dereplication by HPLC-DAD-MS analysis showed that the related SM gene cluster was not 
expressed under standard laboratory conditions. Instead, it was activated by overexpression of a pathway-specific 
transcription factor leading to the production of multiple SMs. To control the production of SMs related to the pathway 
we are now using both inducible and constitutive promoters to control the level of the regulatory protein. By 
construction of deletion strains, supportive real-time quantification PCR, and purification and structural elucidation of 
significant related products, we are now able to propose a biosynthetic pathway including several branch points and 
intriguing ring closures. 
 
 
L19 
 
Bioengineered barley; novel production platform for human proteins 
 
Björn Örvar 
ORF Genetics, KÓPAVOGUR, Iceland 
 
ORF Genetics is a biotechnology company with more than 15 years of experience in transgenic technology, 
hydroponic cultivation and production of endotoxin-free, purified recombinant proteins from plants. The company has 
developed a novel production platform that can be utilized to produce in barley seeds challenging proteins such as 
many human growth factors and cytokines. To date, the company has produced over 2.2 million transgenic plants 
since 2008 and purified (> 94% purity) from the barley seed more than 40 recombinant human proteins, mostly human 
growth factors for stem cell technology research and skincare products. The company´s QMS is based on two ISO 
standards, or ISO-9001 (QMS Requirements) and ISO-22716 (Cosmetic GMP Guidelines). 
 
Reference :  
ORF Genetics  
 
 
Session 7 
 
L20 
 
Feeding filamentous fungi with halogens - Discovering new natural products from halotolerant, endophytic 
fungi. 
 
Kenneth Kongstad, Mahdiehalsadat Hosseynimoghadam, Syariful Anam, Louise Kjærulff, Dan Staerk 
University of Copenhagen, COPENHAGEN, Danmark 
 
Background Endophytic filamentous fungi inhabiting the intercellular space in plants in a non-pathogenic manner, 
constitute a promising source of novel bioactive metabolites [1]. Halophilic and halotolerant fungi, capable of growing 
in high salinity, have previously been shown to produce unique and even halogenated secondary metabolites in 
response to salt stress [2,3]. Halogenated natural products are rare, but with 30% of all approved small-molecule drugs 
containing fluorine, inducing the production of halogenated natural products holds great promise. 
Methods In this study, endophytes were isolated from halotolerant plants and screened for their ability to grow in 
saline media. Cultivation-experiments using various salts followed by HPLC-HRMS analyses were used to pinpoint 
salt-induced secondary metabolites, for subsequent isolation and structural identification by NMR. 
Findings HPLC-HRMS analyses of extracts of Phomopsis azadirachtae and Arthrinium arundinis, both isolated from 
Zygophyllum eichwaldii, cultivated on different halogen-containing media showed the presence of several peaks 
unique for these halogenated conditions. This led to isolation of several polyketides and a fluorinated secondary 
metabolite. 
Conclusion The study presented here show the potential of investigating halophilic and halotolerant filamentous fungi 
for discovery of novel secondary metabolites. These findings furthermore indicate an unexplored halogenated 
chemical space, accessible through systematic cultivation experiments. 
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source of compounds in anti-infective research. 
Methods and findings: We have screened a natural products library containing 500 investigational and approved 
compounds in search of new repurposed antimicrobials effective against the human pathogen Staphylococcus aureus. 
Three molecules have shown potent activity in killing staphylococcal cells and completely preventing biofilm formation. 
The compounds also had a great bactericidal effect on pre-formed biofilms and showed activity against different gram-
positive and gram-negative bacterial strains. A chemoinformatics analysis was made using the ChemGPS-NP tool to 
compare the chemical space occupied by the hits and understand the connections between their biological activity 
and their physico-chemical properties. 
Conclusion: These three natural products were selected as promising anti-biofilm leads and will be considered for 
integration into polymer formulations that could be used to produce prototypes of anti-infective 3D-printed medical 
devices. 
 
Reference :  
Olson, M.E., et al. Can J Vet Res 2002. 66(2), p. 86. 
Anwar, H., M.K. Dasgupta, and J.W. Costerton. Antimicrob Agents Chemother 1990. 34(11), p. 2043. 
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Biofilm-inhibiting effects of two Dehydroabietic acid derivatives on clinically relevant surfaces in the 
presence of host cells 
 
Inés Reigada, Kirsi Savijoki, Jari Yli-Kauhaluoma, Adyary Fallarero 
University of Helsinki, HELSINKI, Finland 
 
Implantation of a foreign body is the starting point of a competition between cells of tissues and biofilm forming bacteria 
1. Previously, combining the abietane moiety of dehydroabietic acid (DHA) with different amino acids was shown to 
result in a new class of hybrid compounds able to efficiently target Staphylococcus aureus biofilms2. Here, the two 
most effective of these DHA derivatives were tested in vitro under conditions simulating those faced in vivo to 
investigate their ability to prevent S. aureus biofilm formation on titanium coupons in the presence of mammalian cells 
(SaOS-2). For that purpose, a co-culture of both S. aureus (ATCC 25923) and SaOS-2 was added to a titanium coupon 
coated with these DHA derivatives (coded 11 and 9b). After 24 hour of incubation, neither one of the compounds 
caused cytotoxicity, but pre-exposure to compound 11 caused a significant inhibition of biofilm formation. These 
selective inhibitory effects on S. aureus were also maintained when the coupons were exposed to 11 and both cellular 
systems (S. aureus and SaOS-2) at the same time. In conclusion, our results indicate that compound 11 shows 
promise as a selective biofilm inhibiting agent and could protect medical devices from S. aureus infection. 
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Evaluation of phytochemical profile and potential biological activities of methanol extracts from Bryophytes 
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1Technical University of Denmark, KONGENS LYNGBY, Denmark 
2Plant Advanced Technologies, VANDŒUVRE-LÈS-NANCY, France 
 
Bryophytes contain remarkable source of small molecules with high biological activity. However, few species had their 
biological properties well investigated. Thus, they are an important source of promising compounds for medicine, 
cosmetic field and agriculture. The aim of this study is to analyze the composition of small molecules from a variety of 
bryophytes species and to identify molecules with relevant bioactivity. In a preliminary study, methanol extracts from 
12 species (11 mosses and 1 liverwort) had their phytochemical profile investigated by UPLC-MS and the total 
concentration of polyphenols evaluated by the Folin-Ciocalteu method. In addition, their antioxidant activity was 
evaluated by DPPH radical scavenging method and anti-tyrosinase activity screened using mushroom tyrosinase 
inhibition method. The following groups of most abundant compounds were identified: flavonoids, terpenoids and 
phenylpropanoids. In comparison, the liverwort from the family Lepidoziaceae presented the highest content of 
polyphenols 0.8 mg/ml of gallic acid equivalent (GAE) and the strongest antioxidant activity (DPPH IC50, 0.10 g/L). 
Similarly, two moss extracts from the families Polytrichaceae and Hylocomiaceae exhibited a considerable level of 
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Greek mountain tea, a medicinal plant from Mediterranean countries and Balkan 
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Background: Greek mountain tea, Sideritis scardica, has a long history in traditional medicine. Currently, S. scardica 
is investigated for its pharmacological activity in the central nervous system in which cognition-enhancing and 
neuroprotective properties have been described (1-2). 
Methods: Dried leaves of S. scardica were extracted with 80 % ethanol, then the extract was suspended in distilled 
water and successively extracted with solvents of increasing polarity. Selected extracts were fractionated by different 
chromatographic techniques and isolated compounds identified by NMR spectroscopy. Isolated compounds and 
extracts were tested in antioxidant and anti-inflammatory in vitro systems, as well as in cholinesterase inhibition 
assays. 
Finding: The 80% ethanol extract was found to contain flavones (glycosides of isoscutellarein and hypolaetin), 
phenylethanoids (mainly verbascoside) and chlorogenic acid as the main constituents. Antioxidant and anti-
inflammatory effects were ascribed to the high content of polyphenols in the 80% ethanol extract. No inhibition of 
acetylcholine- or butyrylcholinesterases was observed. 
Conclusion: Antioxidant and anti-inflammatory effects are suggested to play a protective role in the pathogenesis of 
neurodegenerative diseases. Our findings may seem to be in compliance with previous in vivo findings and should be 
followed up in future studies. 
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Background: There is a critical need to develop novel and sustainable methods to reduce losses in agriculture caused 
by insect pests and pathogens. Plants produce a blend of specialized chemicals that deter antagonists, whose 
potential for pest management is still largely unexplored. We need to better understand how such defense compounds 
are synthesized by plants, in order to develop and use them sustainably. 
Methods: We are exploring the molecular regulation of triterpenoid saponin biosynthesis, using the insect-resistant 
wild crucifer Barbarea vulgaris as a model system. We use a combination of metabolomics, QTL analysis and NGS 
sequencing to uncover this process. 
Findings: Using co-expression analysis and fine mapping of previously reported QTLs associated with resistance to 
herbivory, we have identified putative transcriptional factors regulating saponin biosynthesis. Currently, we are 
generating plant lines with altered expression of these regulators in order to explore their role. Additionally, we are 
investigating how saponin biosynthesis and its regulation is affected by herbivore attacks using the larvae of the 
diamondback moth, Plutella xylostella. 
Conclusion:Our findings will provide insight into the regulation of saponin biosynthesis and means for manipulating 
these metabolites to develop crops with modified content of saponins and ecologically appropriate defense reactions. 
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Gelatin films for drug delivery 
 
Svetlana Solodova, Kristinn Páll Sigurbjörnsson, Már Masson 
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Introduction: Gelatin (GT) is a natural protein derived from the hydrolysis of collagen. It is a biocompatible, 
biodegradable and multifunctional biopolymer which is widely used in food, pharmaceutical, cosmetic and medical 
applications due to its unique mechanical and technological properties1-2 . The purpose of the study was to investigate 
the properties of mammalian and fish gelatin and its potential application as drug delivery systems. 
Methods: The films production was optimized using sorbitol as plasticizer and ferulic acid as a cross-linker. GT-films 
solubility, swelling degree were evaluated. Mechanical properties of GT-films were investigated by a texture analyzer. 
Drug release profiles with model drug Na-diclofenac were obtained by Franz-cell experiments and were measured by 
HPLC-analysis. 
Results and conclusion: Different types of GT-films were investigated. It was obtained that using plasticizer and 
cross-linker has effect on physical and mechanical properties of GT-films. It was observed that drug release from fish 
skin GT-films is faster compare to mammalian skin GT-films, what is a desirable property for may applications. The 
modification of GT and its combinations with plasticizers and cross-linkers have demonstrated the maneuverability of 
finding required delivery systems that enable specific, targeted and controlled release in response to demands in the 
body. 
 
Reference :  
Rao K.P. Recent developments of collagen-based materials for medical applications and drug delivery systems. J 
Biomater Sci Polym Ed, 1995; 7, 623-45 
Foox M., Zilberman M. Drug delivery from gelatin-based Systems. Expert Opin. Drug Deliv., 2015, 12(9), 1547-1563 
 
 
Poster session 2 
 
P15 
 
Species identification and adulteration of Concentrated Chinese Medicine Granules applied in women's 
healthcare on the European market 
 
Felciitas Mück1, Helle Wangensteen1, Hugo De Boer1, Kristin Odlo Høye2, Martin Fitzgerald3 
1University of Oslo, OSLO, Norway 
2Norwegian Medicine Agency, OSLO, Norway 
3Westminster University, LONDON, United Kingdom 
 
Chinese medicinal herbs are increasingly used in Europe for contemporary gynaecology. Decoctions of medicinal 
plant species have a long history in Chinese Medicine and their efficacy is supported with numerous observations. 
However, preparation methods are shifting from decoctions to concentrated Chinese medicine granules (CCMGs). 
The production of granules is so far unregulated and non-standardized. Here we test two authentication methods to 
safeguard purity and falsification of CCMGs. We show the relative performance of traditional barcoding and next 
generation metabarcoding for species identification in one of the most commonly diagnosed disease patterns in 
women, endometriosis. First, we selected plant species from contemporary Chinese gynaecology that are frequently 
used to treat endometriosis. Then, we ordered 100 CCMGs containing these species from distributors and wholesalers 
across Europe. Of these, 90 reportedly consisted of a single species and are subjected to DNA barcoding and 
metabarcoding with the nuclear marker ITS2 to test for adulteration. Ten additional CCMGs consisting of multiple 
species are investigated with metabarcoding. DNA barcoding is expected to have shortcomings compared to NGS 
metabarcoding when identifying adulterants in CCMGs. We conclude, that NGS- metabarcoding may be the method 
of choice to authenticate CCMGs of single, and polyherbal plant mixtures. 
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Characterization of inulin-type fructan from Platycodon grandiflorus and study on its prebiotic and 
immunomodulating activity 
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Background: Platycodon grandiflorus is a plant of widely used in Traditional Chinese Medicine, and polysaccharides 
are reported to be the main components responsible for its bio-functions.  
Methods:In this work, the inulin-type fructan (PGF) was obtained by DEAE anion exchange chromatography of the 
water extract from P. grandifloras. Characterization was performed with methanolysis, methylation and NMR. In order 
to study its biofunctions, the prebiotic and immunomodulation properties were assayed. 
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species is less studied. During the search for new antifungal products from filamentous fungi, an extract of A. 
californicus showed anti-candida activity. Dereplication based on LC-DAD-HRMS showed that the active compound 
and many other compounds are likely unknown. To isolate the antifungal compound as well as other unknown 
compounds, separation methods such as flash chromatography and prep-HPLC have been used, like spectroscopic 
techniques such as NMR and HRMS are employed to solve the structure. So far two novel phthalide derivatives, 
califuranone A1 and A2, together with one known compound emefuranone A22 were discovered. Based on retro-
biosynthetic considerations, the three compounds are proposed to originate from the same pathway, where two fungal 
polyketide synthases (PKSs), one reducing PKS and one nonreducing PKS, are likely involved. Other genes 
responsible for prenylation, epoxidation, redox reaction, and esterification are likely also needed to build these 
compounds. All three compounds are predicted to have anti-Helicobacter pylori activity due to the presence of the 
phthalide nucleus3. Linking the underlying gene clusters to these compounds are still ongoing. 
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Discovery of a novel lichenized algal lineage inspired from chemosystematic and phylogenetic analyses 
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Lichen symbiont interactions (e.g. myco- and photobionts) play a crucial role in the high environmental tolerance of 
lichens, in which neither symbiont can hardly survive independently. The characterization of fungal-algal association 
patterns is essential to understand their interactions and to elucidate the symbiotic mechanisms. Lichens are prolific 
producers of structurally unique secondary metabolites, which are of ecological and taxonomic importance. This study 
investigated fungal-algal association patterns in Icelandic cetrarioid lichens (168 specimens of 13 cetrarioid taxa) using 
a multi-locus phylogenetic framework, including fungal nrITS, MCM7, mtSSU and RPB1 and algal nrITS, nrLSU, rbcL 
and mtCOXII data. Lichen metabolite profiles were assessed using UPLC-MS. Our chemical results revealed that 
Cetrariella delisei is the only lichen taxon producing depsides, but not aliphatic lactones, dibenzofurans or depsides. 
Most Icelandic cetrarioid lichenized fungi were found to be specifically associated to the known Trebouxia clade “S” 
(T. simplex/suecica group), while the lichen-forming fungus Cetrariella delisei forms a symbiosis with a previously 
unrecognized Trebouxia lineage here provisionally named as the “D” clade. This new Trebouxia lineage is supported 
by Maximum Likelihood and Bayesian phylogenetic analyses using all four included algal loci. 
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How homoplastic is the production of usnic acids? a re-appraisal on enantiomer distribution pattern and its 
ecological implications 
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Usnic acid (UA) is one of the most ubiquitous lichen compounds present in lichen cortex. It could constitute as high as 
8% dry thallus weight. It has two enantiomers with marked antibiotic activity, where (+)-UA tends to be a better 
antimicrobial agent, and (-)-UA is a more potent phytotoxin. Despite such high contents and pronounced bioactivities, 
the distribution of isomers has not been explored in a phylogenetic context. The current study aimed to develop an 
analytical method characterizing the content and ratio of UA isomers in Parmeliaceae lichens, and to explore the 
phylogenetic signal for UA isomer production. UA was fractionated using a preparative HPLC method, and isomeric 
ratio was determined using a chiral HPLC method. Phylogenetic relationship was estimated using a multi-loci analysis. 
Our results show that UA could account for 1.65-4.37 mg/g d.w. The production of UA isomers tend to be 
intraspecifically homogeneous with one isomer as the predominant and the other minor or absent. A strong 
phylogenetic signal was found using Icelandic UA-producing lichen taxa: terricolous taxa in the cetrarioid group and 
the allied genus Alectoria mainly produce (-)-usnic acid, and the epiphytic sister genus Usnea only produces (+)-usnic 
acid. 
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Synthesis of antioxidant chitosan conjugates using tert-butyldimethylsilyl (TBDMS) protection 
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Chitosan possesses antimicrobial, antitumor, hemostatic, analgesic, film-forming and mucoadhesive activities and is 
non-toxic, biodegradable and biocompatible. However, good antimicrobial activity is only achieved under pH 6.5 and 
chitosan has poor aqueous solubility above this. Chemical modification can be used to overcome these issues. 
The aim of the current work was to develop a new and efficient synthesis procedure for conjugating antioxidants to 
chitosan, based on the use of tertbutyldimethylsilyl (TBDMS) protection. The protected antioxidants were converted 
to their corresponding acid chlorides and reacted with TBDMS protected chitosan in dichloromethane to form amide 
linkages. The TBDMS protection was then removed to obtain water soluble antioxidant chitosan conjugates. 
The structure and degree of substitution (DS) of the products were confirmed by H-NMR spectroscopy. With the new 
method, up to DS=53% was obtained. The antibacterial activity against S.aureus and E.coli. All conjugates were found 
to be bactericidal. While chitosan possessed no antioxidant activity in the tested concentrations, the conjugates 
exhibited increasing DPPH scavenging activity with increasing DS. 
A new method was developed for the synthesis of antioxidant chitosan conjugates using the DOE approach. The 
conjugates exhibited significant increase in the DPPH scavenging activity compared to chitosan (up to 433 fold 
increase in IC50). 
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Plants produce more than 11,000 different diterpenoids and they display a wide range of biological activities. Some 
are used directly as therapeutics for treatment of human diseases, such as the cyclic AMP booster forskolin, anti-
cancer drugs paclitaxel and ingenol mebutate. Others serve as lead compounds in drug discovery and have been the 
focus of many medicinal chemistry and therapeutic studies. However, most bioactive diterpenoids were isolated from 
non-cultivated medicinal plants or from endangered or red listed species. The lack of a reliable and environmentally 
benign and stable supply chain thus remains a major obstacle when the desire arises to develop a specific diterpenoid 
into a medicinal drug. Using forskolin and ingenol mebutate as examples, we provide an account on how production 
of these plant-derived pharmaceuticals may shift from field acquisition to sustainable manufacturing. To achieve this, 
knowledge of the enzymes involved in the biosynthetic pathway is essential. Through the strategy consisting of 
metabolite profiling, transcriptome analysis and enzyme characterization, we have managed to elucidate biosynthetic 
pathways of several bioactive diterpenoids including forskolin, jolkinol C and vitexilactones. Subsequently, 
reconstitution of elucidated pathways in microbial hosts like yeast or photosynthetic microalgae offers the sustainable 
production of targeted plant diterpenoids. 
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Synthesis and antimicrobial evaluations of new phenazine 5,10-dioxides derived from myxin 
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Phenazines constitute a large class of secondary metabolites from bacteria. The natural product myxin (1-hydroxy-6-
methoxyphenazine 5,10-dioxide) is well known for potent antimicrobial activity and its broad spectrum against Gram-
positive bacteria, Gram-negative bacteria and fungi.1 Myxin has also shown sub-micromolar IC50 values causing 
apoptotic cell death in human acute myeloid leukemia (AML) cancer cells.2 This poster will highlight the synthetic work 
of phenazine 5,10-dioxide myxin derivatives and their in vitro antimicrobial activities. 
 

 
Abstract figure : Development of the lead compound myxin towards new antimicrobial compounds  
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