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SUMMARY 

When Fusarium langsethiae is grown in culture it is in general developing slowly. However, in co-

culture with other, faster-developing fungi, F. langsethiae commonly persists. This is further manifested by an 

inhibition zone around the F. langsethiae colony. So far, one has not investigated the metabolite production of 

F. langsethiae extensively nor the mechanisms it uses to withstand the pressure from other, apparently more 

aggressive fungi. Understanding the chemical warfare mechanisms may help developing new methods for 

fighting fungal infections. Therefore, an untargeted HPLC-HRMS metabolomics approach was used to analyse 

fungal samples from the inhibition zone of Fusarium langsethiae in co-culture with Fusarium graminearum in 

order to discover changes in F. langsethiae’s metabolite production when in competition with F. graminearum. 

The fungal samples were analysed by three different HPLC-HRMS methods, one employing hydrophilic 

interaction liquid chromatography and two reversed-phase HPLC methods, either C18 or F5. The obtained data 

was pre-processed by using MZmine in order to filter and create new data sets containing the essential 

features. Multivariate data analyses including principal component analysis (PCA) and orthogonal partial least 

squares – discriminant analysis (OPLS-DA) was performed by Simca to compare data obtained from the co-

culture samples with data from pure culture samples. The most significant variables shown by the OPLS-DA 

models were used for further identification, resulting in three potential metabolites. The tentative 

identification and study of the chemical properties of these compounds could be established by calculating the 

elemental formulae, database searches, analysing the MS2 and MS3 spectra obtained by ion trap MS, testing 

different extraction solvents, purification with solid phase extraction and boric acid gel. Further analysis is 

needed to provide more knowledge of these compounds to conclude if either one of those has an antimicrobial 

effect or is the source of the observed effect. 

Different inoculations of fungi were made to get a better understanding of the observed inhibition 

zone effect and to study this under various temperatures. Furthermore, genetic characterization of all F. 

langsethiae isolates was performed to further characterise and identify two different subgroups of F. 

langsethiae by extracting DNA from fungal samples and amplifying it by using PCR. The amplified PCR products 

were separated by agarose gel electrophoresis and visualised with UV.  



 
 

 

 

  



 
 

 

SAMENVATTING 

Wanneer Fusarium langsethiae in cultuur wordt gekweekt ontwikkelt de schimmel zich over het 

algemeen langzaam. Echter, in cocultuur met andere sneller ontwikkelende schimmels blijft F. langsethiae 

vaak aanwezig. Dit wordt verder gemanifesteerd door een inhibitiezone rond de F. langsethiae kolonie. Tot nu 

toe heeft men de metabolietproductie van F. langsethiae noch de mechanismen die het gebruikt om de druk te 

weerstaan van andere, blijkbaar meer agressieve schimmels, niet uitgebreid onderzocht. Het begrijpen van de 

chemische verdedigingsmechanismen kan helpen bij de ontwikkeling van nieuwe methoden om 

schimmelinfecties te bestrijden. Daarom werd een untargeted HPLC-HRMS metabolomics benadering gebruikt 

om stalen uit de inhibitiezone van Fusarium langsethia in cocultuur met Fusarium graminearum te analyseren 

om veranderingen in de metabolietproductie van F. langsethiae te ontdekken. 

De stalen werden geanalyseerd aan de hand van drie verschillende HPLC-HRMS-methoden. Er werd 

gebruik gemaakt van een hydrofiele interactie vloeistofchromatografie en twee omgekeerde fase HPLC-

methoden, C18 en F5. De verkregen data werden vooraf bewerkt door gebruik te maken van MZmine, dit 

programma filterde de data en maakte nieuwe datasets aan die de essentiële eigenschappen bevatten. 

Multivariate data-analyses, inclusief principal component analysis (PCA) en orthogonal partial least squares-

discriminantenanalyse (OPLS-DA), werden uitgevoerd door het programma Simca. Hierdoor konden de 

gegevens die zijn verkregen uit de cocultuurstalen worden vergeleken met de gegevens uit de pure culturen. 

De meest significante variabelen die door de OPLS-DA-modellen werden getoond, werden gebruikt voor 

verdere identificatie, wat resulteerde in drie potentiële metabolieten. De voorlopige identificatie en het 

bestuderen van de chemische eigenschappen van deze verbindingen werden uitgevoerd door de elementaire 

formules te bereken, bestaande databases te doorzoeken, de verkregen MS2- en MS3-spectra door ion trap MS 

te bestuderen, verschillende extractie-oplosmiddelen te testen en zuivering aan de hand van vaste-fase-

extractie en boorzuurgel te onderzoeken. Verdere analyse is nodig om meer kennis te verkrijgen van deze 

verbindingen en om te concluderen dat een van deze een antimicrobiële werking heeft of de bron is van het 

waargenomen effect. 

Verschillende inoculaties werden gemaakt om een beter begrip van het waargenomen inhibitie-effect 

te verkrijgen en om de verschillen in omgevingsfactoren te analyseren. DNA-analyse werd uitgevoerd om de 

twee verschillende subgroepen van F. langsethiae te identificeren en te karakteriseren. DNA uit de 

schimmelstalen werd geëxtraheerd en geamplificeerd door gebruik te maken van PCR. De verkregen DNA-

stukken werden gedifferentieerd door agarose gelelektroforese en gevisualiseerd met behulp van UV.  
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1 INTRODUCTION 

1.1 MYCOTOXINS 

 Mycotoxins are toxic secondary metabolites, which are low-molecular weight metabolites with 

potential physiological activities,1 that are produced by filamentous fungi. These fungi can grow or are a 

pathogen of plant tissue.3 Secondary metabolites are not necessary for the growth and development of the 

organism; they rather occur at restricted parts of the life cycle where often morphological differentiation or 

defence against other organisms or ecological changes is necessary.2,4 The fact that they are toxic and can 

occur in plant crops such as grain, makes them a difficult challenge for the food and feed industry. On the 

other hand, many mycotoxins have beneficial properties such as antimicrobial or antitumor activities, showing 

that fungal secondary metabolites can have extraordinary impact on human life. 

 Mycotoxins can be chemically very diverse; however, all fungal secondary metabolites are built up 

from a limited amount of precursors that derive from primary metabolism. Therefore, a classification can be 

made based on the synthesis and the basic chemical structure.1,4 The largest groups (polyketides, non-

ribosomal peptides, alkaloids and terpenes) are discussed in the further paragraphs. 

1.1.1 Polyketides 

 Polyketides are fungal secondary metabolites built up by repetitive condensation of acetate units or 

other short carboxylic acids. The enzymes responsible for this synthesis are multifunctional enzymes called 

type I polyketide synthases (PKS).1,4,5,6 These enzymatic mechanisms are similar to fatty acid biosynthesis.5,6 

Diversity in the classes of polyketides is achieved by four important mechanisms. Varying the repetition of 

reactions, the number of reduction reactions, the types of extender units used, and variation in post synthesis 

modification.1,4,5 Thus, polyketides are a large group of mycotoxins containing a lot of classes with different and 

sometimes complex biosynthesis. The most abundant and important classes of polyketides are aflatoxins, 

fumonisins, ochratoxins and zearalenone. These metabolites differ in their chemical structure and in their 

mechanisms of toxicity. They all are of concern regarding food safety and agriculture because of their toxic 

properties and their frequent accumulation in crops used for food and feed. 3,6  

Some fungal polyketidesare being used in a rather interesting and helpful way. One example is 

lovastatin which is used as a cholesterol-lowering agent.7 This is one example where understanding and 

knowledge of mycotoxins and their physiological activities can play an important role in fields such as 

medicine. 
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1.1.1.1 Aflatoxins 

 Aflatoxins are produced by several species of soil-borne Aspergillus fungi,8 meaning that they are 

transmitted by or in soil, with the most common contaminants in agriculture deriving from Aspergillus flavus 

and Aspergillus parasiticus.9 Aflatoxins are known for their carcinogenic properties.10 The molecules are highly 

lipophilic and are absorbed quickly by the gastrointestinal and reparatory tracts.8 Cytochrome P450 enzymes 

are responsible for metabolising the aflatoxins and turning them into compounds that have the ability to bind 

proteins, as well as purines and pyrimidine nucleotides causing DNA and RNA adducts. This is the base of their 

carcinogenic properties.11 Aflatoxin-contaminated food includes cereals, oilseeds, spices, tree nuts and milk.4,8 

 

Figure 1.1: Chemical structures of aflatoxins (https://www.researchgate.net/figure/262878341_fig2_Fig-2-
Chemical-structure-of-aflatoxin-B1-B2-M1-and-M2) 

1.1.1.2 Fumonisins 

 This type of mycotoxins form a group mainly produced by Fusarium verticillioides and Fusarium 

proliferatum. The structure of fumonisins is similar to the long-chain hydrocarbon unit of sphingosine and 

sphinganine (figure 1.2). This is also the reason for their toxicity, which is based on interference with 

sphingolipid metabolism.3,4,9 Investigation shows that these interferences can cause leukoencephalomalacia in 

equines and rabbits, pulmonary oedema and hydrothorax in swine and apoptosis in the liver of the rat.3,4 

Consumption of fumonisins has also been associated with oesophageal cancer in humans, and these 

compounds reduce the uptake of folate in different types of cell lines causing neural tube defects in human 

babies.4,9 

 

Figure 1.2: Chemical base structures of fumonisins 
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1.1.1.3 Ochratoxins 

 Ochratoxins are produced by several Aspergillus and Penicillium species. These fungi are commonly 

found in cereals, coffee, wine, beer and spices.6 Three types of ochratoxins are known, ochratoxin A, ochratoxin 

B and ochratoxin C, which are produced by different fungi. Ochratoxin A (figure 1.3) is the most common and 

most toxic one. It is known to be nephrotoxic in all animal species. The compound has been reported as a liver 

toxin, an immune suppressant, a potent teratogen and carcinogen as well.3,4 

 

Figure 1.3: Chemical structure of ochratoxin A 

1.1.1.4 Zearalenone 

 Zearalenone (ZEA) is a mycotoxin mainly produced by F. graminearum, but can also be found in some 

other Fusarium species. These fungi commonly infect crops such as corn, wheat, barley, oats and sorghum.3,4,9 

The structure of zearalenone can be seen in figure 1.4. It has a resorcinol (m-benzenediol) moiety fused to a 14-

membrane macrocyclic lactone.4,6 Zearalenone resembles 17ß-oestradiol, the principal hormone produced by 

the human ovary, which allows them to bind to oestrogen receptors in mammalian cells.4 Animals that have 

been exposed to ZEA showed morphological changes such as the development of mammae and prepucial 

enlargement in young barrows and size increase of genital organs in gilts.12,13  

Zearalenone is a biologically potent molecule, however it has a low acute toxicity level. The 50 % 

lethal dose has been established for female rats and female guinea pigs at a concentration of 10,000 mg/kg 

and 5,000 mg/kg of bodyweight, respectively.14 However, 1 µg/kg is already enough to evoke an uterogenic 

response in female swine.3 Therefore, zearalenone is classified as a highly potent oestrogenic mycotoxin.4 

 

Figure 1.4: Chemical structure of zearalenone. 
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1.1.2 Non-ribosomal peptides (NRP’s) 

 The next group of secondary metabolites are non-ribosomal peptides, these are synthesized by large 

multidomain, multimodular enzymes called non-ribosomal peptide synthases (NRPS).4 Genes encoding for 

these enzymes can be found in fungi and bacteria. However, not in plants and animals.16 When looking at 

differences between genetically encoded peptides synthesized at ribosomes and NRP’s, the latter contains 

both proteinogenic and non-proteinogenic amino acids, which contributes to their wide structural diversity.15 

Chemical modifications, length of the produced peptide and whether the peptide is cyclised or not contributes 

to the diversity of these NRP’s.1,4 The natural occurrence and functionalities of many NRP’s is not known. 

However, research suggest that they play a role in fungal reproductive and pathogenic development, 

morphology, cell surface properties, stress management and nutrient procurement, as well as their known role 

as mycotoxins involved in plant or animal pathogenesis.4,16 The most famous NRP’s are penicillin and 

cephalosporin, both ß-lactam antibiotics (figure 1.5) produced by Penicillium, Cephalosporum and Aspergillus 

species, which are used in the medical field.17 Another non-ribosomal peptide with medical use is the 

immunosuppressive molecule, cyclosporine (figure 1.5).17  

    

Figure 1.5: Chemical structure of penicillin (left), cephalosporin (in the middle) and cyclosporine (right) 

1.1.3 Alkaloids 

 Secondary metabolites containing nitrogen in a heterocycle, usually originating from an amino acid, 

are called alkaloids.18 The most studied fungal alkaloids are ergot and loline alkaloids produced by Claviceps 

and Epichloë species, which are pathogens of grass species,4,17 and the most known and used plant alkaloid 

being caffeine (figure 1.6). Unlike the two previous groups, the biosynthesis of alkaloids is not dependent on a 

specific enzyme class. Loline alkaloids are toxic and deterrent to insects.4 Ingestion of ergot alkaloids by 

humans and other animals causes ergotism, with symptoms such as gangrene, abortion, convulsions, 

suppression of lactation, hypersensitivity and ataxia.3 Considering their wide range of biological activities, 

physicians and pharmacologists gained interest in these type of molecules. The most known ergot alkaloid 

derivate is D-lysergic acid diethylamide (figure 1.6), more known as LSD, the “famous” hallucinogenic drug.1,3,4 

Other known medical uses of ergot alkaloids and its derivatives are as prolactin inhibitors, in the treatment of 

Parkinsonism and in migraine treatment.3,4  
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Figure 1.6: Chemical structure of caffeine (on the left) and D-lysergic acid diethylamide (on the right) 

1.1.4 Terpenes 

 Terpenes are build up by forms of isoprene units (2-methyl-1,3-butadiene, C5H8) (figure 1.6) and 

contain a large amount of organic compounds in their class.18 However, isoprene does not occur naturally, it 

needs to be activated to its isopentenyl pyrophosphate form (figure 1.7) in order to use it directly in 

biosynthesis.4 Terpenes can be found in a lot of different groups of organisms, the best known example are 

sterols. This example also states that terpenes are not necessarily secondary metabolites and can be present 

in organisms as a necessary compound.1  

   

Figure 1.7: Chemical structure of an isoprene unit (2-methyl-1,3-butadiene, C5H8) (right) and isopentenyl 
pyrophosphate (left) 

1.1.4.1. Trichothecenes 

 Trichothecenes are an important type of fungal terpenoids produced by a large range of fungi, 

including the genera Fusarium which are used in this study, and are a major class of mycotoxins. Other fungal 

genera that can produce trichothecenes are Myrothecium, Verticimonosporium, Stachybotrys, Trichoderma, 

Trichothecium, Cephalosporium and Cylindrocarpon.4,22 These fungi have the ability to grow and colonise with a 

wide range of moisture availability and nutrient content, making them widespread across the world.19 There 

are approximately 200 known trichothecenes and the general structure of trichothecenes can be divided in 

different groups (figure 1.8). They all share a rigid tetracyclic ring structure where types A to C can be 

differentiated based on the substitution on C-8. Type B has a keton group at C-8 and type C has an epoxide ring 

between C-7 and C-8. Type D has an additional cyclic diester or trimester linkage between C-4 and C-15 (figure 

1.7).4,19 Two tables where known trichothecenes of type A and type B are listed with their corresponding 

additions and modifications on the carbon skeleton can be found in the appendix (table 7.1 and table 7.2) 
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Figure 1.8: Chemical structural groups of trichothecenes 
(https://www.researchgate.net/figure/280489440_fig7_Figure-10-The-general-core-structures-for-Type-A-B-C-
and-D-trichothecenes-taken-from) 

 Trichothecenes show different levels of toxicity in different organisms. A major feature of their 

toxicity is their ability to inhibit eukaryotic protein synthesis by preventing peptide bond formation at the A-

site of the peptidyl transferase centre of the 60S ribosomal subunit.20 This has a great impact on tissues 

containing cells with rapid growth. Exposure can lead to following symptoms, feed refusal, vomiting, skin 

dermatitis, immunological problems, growth retardation, reduced ovarian function, reproductive disorder and 

haemorrhagic lesions.4,19,20 Agricultural corpses that are infected with fungal pathogens which produces 

secondary metabolites containing trichothecenes have an important impact on the health of livestock and 

humans, causing a range of acute and chronic symptoms.4 

1.2 FUSARIUM SPECIES AND THEIR MYCOTOXINS 

 Fusarium is a genera of fungi that is most frequently associated with crop infections in temperate 

climates found throughout the world,23 because of their ability to grow and colonise with a wide range of 

moisture availability and nutrient content.19 Some important plant diseases caused by the Fusarium are 

Fusarium head blight (FHB), crown rot in barley, wheat, rye, etc.22; and Fusarium wilt of crops belonging to the 

Solanaceae family like potatoes, tobacco24 and tomatoes25. Furthermore, species within the Fusarium genus are 

one of the most important trichothecene produces,22 making them an urgent treat for agricultural crops and 

the food chain that is associated with these crops. 
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1.2.1 Fusarium langsethiae 

Fusarium langsethiae is a recently characterised fungus within the genus Fusarium. It is a widespread 

pathogen that commonly infects cereals with its preferred crop being oats.26 The fungus is especially prevalent 

in Northern Europe and the UK, but it is in general found throughout Europe. The fungus is a less aggressive 

plant pathogen than other Fusarium species, partly due to its slow growth and limited ability to penetrate 

leaves.26, 32 However, F. langsethiae still has the potential to produce highly toxic mycotoxins and the detection 

of contamination with the fungus is often very difficult.31 Little is known about the molecular mechanisms of 

this fungus in pathogenesis and in competition with other fungi. F. langsethiae has been recognized as an 

important contaminant of grain. Pesticide treatments that work against F. graminearum appear to have no or 

little effect on F. langsethiae.26  

The overall profile of trichothecenes produced by F. langsethiae is very similar to that of F. 

sporotrichioides, whereas the morphology is similar to F. poae.29,30 Fusarium langsethiae is known to produce 

type A trichothecenes and being the main contributor to T-2 mycotoxin contamination,26,27 which is rapidly 

metabolised to HT-2.31 These mycotoxins both have cytotoxic and immunosuppressive abilities,26,28 due to their 

potency to inhibit DNA, RNA, protein synthesis and mitochondrial functions.31 Other important mycotoxins 

produced by F. langsethiae are diacetoxyscirpenol (DAS) and neosolaniol (NEO) as well as their deratives.33 A 

table with type A trichothecenes produced by F. langsethiae can be found in the appendix. (Table and figure 7.1) 

1.2.2 Fusarium graminearum 

 F. graminearum is a well-known fungus whithin the genus Fusarium and is one of the most important 

causes of Fusarium head blight (FHB), a devastating plant disease of small grain cereal crops world-wide. 

Airborne ascospores of F. graminearum can initiate infection which lead to the decaying of the infected wheat 

spikes.38 FHB is generally associated with a reduction in grain yield, however many of these fungi also produce 

mycotoxins which poses a serious health treat for animal feed or human consumption.32 

 F. graminearum produces type B trichothecenes which are in general less acutely toxic than the type A 

analogue.4,35 The B-trichothecenes include the mycotoxins deoxynivalenol (DON), its acetylated derivatives, 3-

acetyldeoxynivalenol (3ADON) and 15-acetyldeoxynivalenol (15ADON), and nivalenol (NIV). DON, like all 

trichothecenes, inhibits protein synthesis as described in section 1.1.4.1, and it has been associated with 

intoxication of humans and animals through consumption of contaminated food and feed, it can be found 

worldwide and it is the most frequent type B trichothecene.36 DON may act as a virulence factor of the fungus, 

affecting the protein synthesis in plant cells. Plants have developed a detoxification processes which include 

DON glucosylation to a less toxic compound, DON-3-β-d-glucoside (D3G). This product is known as a modified 
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mycotoxin and it is less active as a protein synthesis inhibitor than DON in vitro.37 A table with type B 

trichothecenes produced by F. graminearum can be found in the appendix. (Table and figure 7.2) 

1.3 UNTARGETED METABOLOMICS 

 Metabolomics is the comprehensive analysis in which all small molecule metabolites of a biological 

system are systematically identified and quantified. When using such an approach, the aim is to reveal the 

metabolome (or part of it) of a biological system.39, 40 The metabolome is referred to be the sum of all small 

metabolites in a biological system such as a cell culture or a living organism that are participants in general 

metabolic reactions and that are required for the maintenance, growth and normal function of a cell.43 The 

metabolites that can be found in samples of biological systems, can be either organic or inorganic compounds 

and either primary or secondary metabolites.41, 42, 43  When applying a metabolomics approach, one tries to 

identify and characterize endogenous and exogenous low-molecular-weight metabolites in biological samples 

of interest. When examining metabolites, an enormous variation in chemical structures and molecules i.e. 

proteins, lipids, nucleotides, sugars etc., with different physicochemical properties can be found, making it hard 

to identify all these compounds with only one single technology. 41, 42 

 The metabolomics experiment consists of sampling, sample preparation, instrumental analysis, data 

processing and data interpretation, where each part provides a unique challenge to fulfil the goal of improving 

or discovering the current status of biological information related to the metabolome of interest. When 

analysing the full metabolome, sample preparation must not exclude metabolites, and selectivity and 

sensitivity of the analytical technique must be high. Mass spectrometry (MS) (including combined 

chromatography-MS) is the most widely applied technology in metabolomics, as it provides a blend of rapid, 

sensitive and selective qualitative and quantitative analyses with the ability to identify metabolites. Mass 

spectrometers operate by ion formation, separation of ions according to their mass-to-charge (m/z) ratio and 

detection of separated ions. Frequently used combined chromatography-MS technologies are gas 

chromatography-MS (GC-MS), liquid chromatography-MS (LC-MS) and direct-injection-MS (DIMS). Other used 

analytical technologies are Fourier transform infrared spectroscopy (FT-IR) and nuclear magnetic resonance 

(NMR).43, 44 

Besides metabolomics, there are several other ‘omics’ analysis techniques of the same biological field, 

e.g. genomics, transcriptomics and proteomics. Which is also called ‘the omics cascade’ by Dettmer et al, where 

metabolomics is described as the fourth and last step.44 (Figure. 1.9). All these components can be used for 

illustrating the association between the genotype and the phenotype of organisms.41 ‘The omics cascade’ is 

initiated with genomics, where the whole DNA-set of an organism is investigated.42 Dettmer et al references to 
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this as the analysis of ‘what could have happened’ (figure 1.9). The second part in the ‘omics cascade’ is 

transcriptomics where the whole set of transcripts in a cell, i.e. mRNA, small RNA and non-coding RNA are 

investigated. These reproduce the expression of genes and are the key fundament for the synthesis of proteins. 

This can be referred to as ‘what appears to be happening’ (figure 1.9).42, 44 The third part is proteomics, where 

the characterization of the proteome, which is referred to as the collection of all proteins in an organism 

including their downstream modifications, is the subject.42 This can be described as ‘what makes it happen’. 

After proteomics follows metabolomics in ‘the omics cascade’, which can be described as ‘what has happened 

and is happening’ (figure 1.9).44 It has been stated that metabolomics may supply the most ‘functional’ 

information of all ‘omics’ because metabolites are the end products of regulatory processes in cells.39 The 

metabolite levels can be considered as the final response of biological systems to environmental and genetic 

changes, and hence, define more closely the phenotype of an organism.39, 42 

  
Figure 1.9: ‘The omics cascade’ 44  



 
 

 10 

2 OBJECTIVES 

Clarification of the metabolic changes in Fusarium langsethiae when cultivated in competition with 

Fusarium graminearum, could be important to get a better understanding of its secondary metabolite 

production and an understanding of the chemical warfare mechanisms between Fusarium langsethiae and 

Fusarium graminearum, which may help developing new methods for fighting fungal infections. 

The aims of this study were 1) to characterise the observed inhibition zone between Fusarium 

langsethiae and Fusarium graminearum in order to get a better understanding of this effect; 2) to test the 

suitability of an untargeted HPLC- HRMS based metabolomics approach in order to analyse the chemical 

interaction between Fusarium langsethiae and Fusarium graminearum; 3) to select and to reveal potential 

metabolites produced by Fusarium langsethiae which could be the base of the inhibition towards Fusarium 

graminearum; 4) to characterise the selected compounds based on tentative identification and tentative 

purification and 5) to analyse the DNA of the used Fusarium langsethiae strains in order to  designate them to 

their corresponding subgroup. 
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3 METHODS AND MATERIALS 

3.1 FUNGAL STRAINS 

Table 3.1: Overview over selected fungal strains and background data 

Archive Number Anamorph Host Warehouse space Storage date 
VIa 01268 Fusarium langsethiae Wheat 01/01/69 20-08-2002/13-11-2003 
VI 01270 Fusarium langsethiae Wheat 01/06/10 24-10-2001/26-07-2004 
VI 01271 Fusarium langsethiae Oats 01/06/11 29-06-1999/22-07-2004 
VI 01276 Fusarium langsethiae Oats 01/05/80 27-10-1998/26-07-2004 
VI 01283 Fusarium langsethiae Barley 01/06/07 10-11-2000/29-07-2004 
VI 01285 Fusarium langsethiae Oats 01/04/20 11-10-2001/26-07-2004 
VI 01409 Fusarium langsethiae Barley 01/06/08 14-08-2002/29-07-2004 
VI 03267 Fusarium langsethiae Oats 01/04/56 03-04-2004/20-07-2004 
VI 03268 Fusarium langsethiae Oats 01/04/57 03-04-2004/20-07-2004 
VI 03271 Fusarium langsethiae Wheat 01/04/60 03-04-2004/20-07-2004 
VI 03278 Fusarium langsethiae Wheat 01/04/67 03-04-2004/20-07-2004 
VI 03279 Fusarium langsethiae Wheat 01/04/68 03-04-2004/20-07-2004 
VI 06056 Fusarium langsethiae Oats 05/05/50 10-09-2013 
VI 06057 Fusarium langsethiae Barley 05/05/51 10-09-2013 
VI 06109 Fusarium langsethiae Oats 05/06/66 19-11-2013 
VI 06118 Fusarium langsethiae Oats 05/07/09 13-12-2013 
VI 06353 Fusarium langsethiae Oats 06/01/48 28-10-2014 
VI 06359 Fusarium langsethiae Oats 06/01/54 28-10-2014 
VI 06366 Fusarium langsethiae Oats 06/01/61 22-10-2014 
VI 05257 Fusarium graminearumb Wheat 04/05/10 14-10-2010 
VI 05261 Fusarium graminearumc Wheat 04/05/14 14-10-2010 
a Veterinary Institute (VI) 

b 15-O-acetyl-DON genotype 

c 3-O-acetyl-DON genotype  

The differences between the F. langsethiae strains that were included in this study were their host 

and isolation date (table 3.1). The difference between the two strains of F. graminearum was their acetyl-

deoxynivalenol (ADON) genotype. The VI 05257 strain (table 3.1) thus produces 15-ADON, i.e. C-15 in the DON 

molecule is O-acetylated. The VI 05261 strain (table 3.1) produces 3-ADON, meaning that C-3 in DON is O-

acetylated (Figure 3.1). 

   

Figure 3.1: Molecular structure of 15-ADON on the left and 3-ADON on the right. 
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3.2  INOCULATION 

 For the inoculation, growth and incubation of the Fusarium species, yeast extract sucrose (YES) agar 

plates were used (prepared by the Section for Media Production, Norwegian Veterinary Institute, Oslo, Norway), 

with the composition listed in table 3.2. The principal of growing the co-cultures was that each F. langsethiae 

strain was combined with each of the two F. graminearum strains. The two strains were inoculated on opposite 

sides of the plates, that way the two cultures were allowed to grow towards each other (figure 3.2). 

Table 3.2: Composition of the YES agar plates a 

Compound Density (g/l)b 

Yeast extract 4.0 
Sucrose 20.0 
KH2PO4

c 1.0 
MgSO4

d 0.5 
Agar 15.0 

a Autoclaved at 121 °C for 15 minutes and pH was set to 6.2 +/- 0.2. 

b Distilled water was used 

c KH2PO4: Potassium dihydrogen phosphate 

d MgSO4: Magnesium sulphate 

Each F. langsethiae strain was grown in triplicate, one as reference culture, while the two remaining 

plates were for the co-cultures with the two F. graminearum strains. Thus, three agar stabs with mycelium 

were taken from the mother plate of each F. langsethiae strain and put on three new YES-plates. One cube was 

used for the growth of a new pure culture. The cube was placed in the middle of the plate with the mycelium 

facing the agar. The other two cubes were used for the inoculation of two YES-plates for the co-culture of F. 

langsethiae strain together with each of the two F. graminearum strains. On these plates, the cube from the 

F. langsethiae culture was placed on one half of the plate with the mycelium facing the agar (figure 3.2). Due 

to the slow growth rate of F. langsethiae the strains were allowed to establish for approximately 36 h at 25 °C 

before adding the F. graminearum strain to the same plates. Pure reference cultures of F. graminearum were 

prepared in the same way as for F. langsethiae 

 In total, 59 agar plates were inoculated. These were 19 co-cultures of 15ADON F. graminearum with 

each F. langsethiae strain, 19 co-cultures of 3ADON F. graminearum with each F. langsethiae strain, 19 pure 

F. langsethiae reference cultures, and two pure F. graminearum reference cultures. All plates, as well as one 

blank agar plate, were incubated for approximately 72 h at 25 °C. Co-cultures showing a distinct inhibition 

zone between the two species were selected and kept at −26 ºC in order to stop further growth until chemical 

analysis. The F. langsethiae reference strains were likewise placed at −26 ºC. 
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3.2.1 Incubation at different temperatures 

 In order to study the effect of temperature on the observed inhibition of F. graminearum by 

F. langsethiae, new co-cultures were prepared and placed in different incubators set to different temperatures 

(15°C, 20°C and 25°C). Co-cultures were repeated twice at each temperature, i.e. a total of six identical co-

culture plates were prepared. The co-cultures were made using the same procedure as described in 3.2.  

3.2.2  Incubation of Fusarium langsethiae/langsethiae co-cultures 

 In addition to the previous experiment and to test if F. langsethiae also inhibited each other’s growth, 

co-cultures were made with four different F. langsethiae strains on one YES-plate, shown in figure 3.2. Six 

replicates were prepared of these co-cultures, and two replicates incubated at either 15°C, 20°C or 25°Cin 

order to test a possible effect of temperature at the same time. The plates were incubated for 5 days. 

3.3.3 Incubation with frozen Fusarium langsethiae 

 Inhibition could be due to anti-fungal compounds produced by F. langsethiae, or simply a result of 

competition for nutrients between F. langsethiae and F. graminearum. To test this, an inoculation was made of 

F. gramineraum with frozen agar blocks of inactivated F. langsethiae and their inhibition zone from previous 

co-cultures. Frozen agar plugs (2 cm in diameter) were cut out and placed inside a new YES-agar plate. Then, 

on the opposite side of that plate, a new F. graminearum was inoculated. The plates were incubated at 25 °C 

for approximately 72 h. 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2: Schematic overview of the inoculated YES-plates. Left, overview of the F. langsethiae and F. graminearum 
co-cultures. Right, overview of the F. langsethiae/ langsethiae co-cultures. 
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3.3 SAMPLE PREPARATION 

3.3.1 Chemicals 

Table 3.3: List of used chemicals  

Chemicals 

Name Specification Manufacturer Headquarter 
Acetonitrile Optima LC/MS grade Fisher Scientific, Thermo 

Fisher Scientific, Inc. 
Waltham, 
MASS, USA 

Ammonium carbonate puriss, p.a. for HPLC Fluka, Sigma-Aldrich Steinheim, 
Germany 

Ammonium formate puriss, p.a. for HPLC Fluka, Sigma-Aldrich Steinheim, 
Germany 

Chloroform ROMIL-SpSTM Super 
Purity Solvent 

ROMIL, Heco 
Laboratorieustyr AS 

Oslo, Norway 

Methanol Optima LC/MS grade Fisher Scientific, Thermo 
Fisher Scientific, Inc. 

Waltham, 
MASS, USA 

Water Optima LC/MS Fisher Scientific, Thermo 
Fisher Scientific, Inc. 

Waltham, 
MASS, USA 

 

3.3.2  Sampling 

Three replicate agar plugs were taken from the co-cultures where inhibition zone was visible. Plugs 

were taken at the edges of the F. langsethiae colony facing the inhibition zone and the F. graminearum colony, 

by using a cork borer (5 mm diameter) in order to assure that all the samples have the same size (figure 3.3). 

The samples were obtained from one experiment of co-culturing at 25 °C, and the samples were labelled with 

the corresponding plate number and the letters A–C for the three replicates (figure 3.3). The cork borer was 

sterilised using ethanol and burning in a propane flame to prevent contamination between samples from 

different plates. The samples were transferred in labelled Eppendorf-tubes. 

As pure F. langsethiae control, three replicate samples were taken from each of the pure F. 

langsethiae cultures, at the edges of the growing strain but at random places. These samples were labelled 

with the corresponding plate number of the co-culture they are connected to combined with the letters D–F 

for the three replicates, and transferred in labelled Eppendorf-tubes. 

Then, three samples were taken from the two F. graminearum strains using the same sampling 

procedure as described as above. Those were labelled with the corresponding plate number and the letters A-C 

for the three replicates. Three random blank samples were obtained from sterile, non-inoculated YES plates.  
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Fig. 3.3: Schematic overview of a YES-plate and the sites where the samples were taken. 

3.3.3  Extraction and sample preparation 

Agar plugs were extracted with 300 µL of 80% acetonitrile. After addition of the extraction solvent to 

the Eppendorf tubes they were placed in an ultrasonic bath (Emerson-Branson, St-Louis MO, USA) for 

approximately 20 min in order to perform the extraction. The supernatant was then transferred to labelled 

chromatography vials with 250 µL insert (Thermo, Langerwhe, Germany). 

 A quality control sample (QC) was prepared by pooling 10 µL of each sample obtained from the F. 

langsethiae/F. graminearum co-cultures. As solvent blank, 50% acetonitrile were transferred to 1.5 ml 

chromatography vials. 

 A mixed standard solution, containing the following fungal metabolites was prepared in acetonitrile: 

Nivalenol (NIV), 4-deoxynivalenol (DON), fusarenon-X (FUS-X), diacetoxyscirpenol (DAS), HT-2 toxin, T-2 toxin, 

neosolaniol (NEO), zearalenone (ZEA), 3- and 15-O-acetyl-DON, T-2 triol, and T-2 tetraol. The concentration of 

each compound was 1000 ng/mL in individual stock solutions, except for T-2 triol and T-2 tetraol for which it 

was 1011 ng/mL and 1002 ng/mL, respectively. Aliquots (100 µL) of each solution were transferred and pooled 

in a 1.5 mL chromatography vial (Thermo, Langerwehe, Germany). The acetonitrile in the vial was evaporated by 

using a heat module (Thermo Scientific, Bremen, Germany) set to 60 °C and nitrogen gas. The metabolites were 

re-dissolved in 50% acetonitrile.  
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3.4  DATA ACQUISITION BY USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY  

(LC-HRMS) 

 The acquired samples were analysed by using high performance liquid chromatography (HPLC) 

followed by high resolution mass spectrometry (HRMS). All the compounds, in this case fungal compounds and 

compounds of the agar, were first separated by HPLC before being analysed by HRMS. A Vanquish UHPLC 

interfaced to a Q ExactiveTM Fourier-transform high-resolution mass spectrometer (both Thermo Fisher 

Scientific, Bremen, Germany) were used for the analysis. 

Three different chromatographic columns were used in this study, two reversed-phase columns and 

one hydrophilic interaction chromatography (HILIC) column. Their specificities together with the used mobile 

phases and instrumental setup can be found in section 3.4.1.1 and 3.4.1.2. For untargeted metabolomics, each 

sequence started with three blank injections and three QC injections followed by one agar blank. The samples 

were injected randomly and a QC sample and another agar blank were injected after every 20th sample in order 

to monitor instrumental drift. Each injection contained 2 µL of sample. 

3.4.1 HPLC 

 The first step of the instrumental analysis was the separation of the compounds in the fungal 

extracts. This was achieved by HPLC. In a HPLC/UHPLC procedure, a small amount (around 1-20 µL) of the 

sample is injected in a continuous flow of mobile phase, which is mostly a mixture of a water solvent (A) and 

an organic solvent (B) in varying percentages depending on the type and aim of the analysis. The mobile phase 

and the sample solution are pumped through a column, which contains small and most often functionalised 

particles, known as the stationary phase. While migrating through the column, the compounds in the sample 

have specific affinity for the stationary phase. For example, similar structural features between the compounds 

in the mobile phase and the stationary phase will result in an interaction that may cause retention of these 

compounds. During gradient elution, the percentages of the composition between the two mobile phases (A 

and B) are gradually changing. At a certain moment, a bounded compound will have more affinity to a specific 

gradient and will elute, resulting in separation of all the compounds. This depends on chemical properties and 

the used gradient of mobile phases. For example, compounds with polarity similar to the stationary phase, will 

generally elute later than compounds with polarity similar to the starting conditions of the mobile phase 

because of the stronger bounding. However, not only general “polarity” is important for binding and eluting, 

other kinds of interactions such as p-interactions and electronical interactions are contributing factors as well. 

After elution of the compounds they reach a detector. In this study, the detector was a mass spectrometer, 

used to further analyse the different compounds after separation. 
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Figure 3.4: Typical schematic setup of an HPLC system. (http://www.laboratory-
journal.com/applications/analytics/hplc-analysis) 

3.4.1.1 RP-HPLC 

In a reversed-phase HPLC (RP-HPLC) procedure, the stationary phase is packed with hydrophobic 

material. Two different RP-HPLC columns were used in this study. The first column was a Kinetex® EVO C18 

column (Phenomenex, Torrance, CA, USA; 100 × 2.1 mm, 2.6 μm particle size, 100 Å pore size) were the 

stationary phase consisted of octadecylsilane (“C18”)-functionalised core-shell particles. The retention 

mechanism of the column was provided by hydrophobic interactions with the C18 chain. 

The second column was a Kinetex® F5 HPLC column (Phenomenex, Torrance, CA, USA; 150 × 2.1 mm, 2.6 

μm particle size, 100 Å pore size) were the stationary phase contained pentafluorofenylpropyl-functionalised 

core-shell particles (figure 3.5). The separation mechanism of this column is based on 5 different interactions. 

Hydrophobic interactions (A) provided by the carbon skeleton of linker and ring, which contribute to neutrality 

and hydrophobic retention. An aromatic interaction (B), in non-acetonitrile mobile phases, π- π electrons of the 

carbon ring interact with the compound’s π- π electrons and result in positive retention increase. Electrostatic 

interactions (C) provided by the high electronegativity of the fluorine groups which create dipole moments, 

aiding in polar compound retention. Steric and planar interactions (D) provide shape selectivity that allows 

separation of isomeric compounds that otherwise are impossible to separate on traditional alkyl phases. 

Hydrogen bonding (E) is also an effective retention mechanism that is caused as polar functional groups of the 

compound interact with the electron greedy fluorine groups,45 as shown in figure 3.5. 
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Figure 3.5: Pentafluorofenyl packing of the F5 column and the indicated interactions. 
(https://www.phenomenex.com/Info/Page/f5#) 

 The mobile phases were the same for both RP-HPLC methods and consisted of 5 mM ammonium 

formate in purified water (mobile phase A) and 95% methanol, also containing 5 mM ammonium formate 

(mobile phase B). The elution of the columns was accomplished with a linear gradient shown in table 3.4 for 

the C18 method and table 3.5 for the F5 method. Both columns were kept at 30 °C for the entire run. 

Table 3.4: C18 gradient 

C18 Method 
Gradient 

Time (min) 
Flow-rate 
(ml/min) 

%A %B 

0 0.25 97 3 
0.5 0.25 97 3 
25 0.25 0 100 
27 0.25 0 100 
27.2 0.25 97 3 
31 0.25 97 3 

 

Table 3.5: F5 gradient 

F5 Method 
Gradient 

Time (min) 
Flow-rate 
(ml/min) 

%A %B 

0 0.25 97 3 
0.5 0.25 97 3 
30 0.25 0 100 
32 0.25 0 100 
32.2 0.25 97 3 
36 0.25 97 3 
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3.4.1.2 HILIC 

Hydrophilic-Interaction Liquid Chromatography (HILIC) is a type of normal-phase HPLC (NP-HPLC) 

procedure. In normal-phase HPLC, the polarity is inverted to reversed-phase HPLC. As a result, the order of 

elution of the various components is also inverted to reversed-phased HPLC, nonpolar components elute 

earlier than the polar components. 

For the HILIC-method, a SeQuant® ZIC®-pHILIC HPLC column (Merck KGaA, Darmstadt, Germany; 150 × 

4.6 mm, 5 μm particle size) has been used. In this type of column, the stationary phase contained zwitterionic 

sulphobetaine functional groups attached to porous polymer beads (figure 3.6). The retention mechanism was 

provided by weak electrostatic interactions between charged compounds and the neutral zwitterionic 

stationary phase resulting in a unique selectivity.46 

 

Figure 3.6: Zwitterionic sulphobetaine structure 

 

The mobile phase consisted of 20 mM ammonium carbonate in purified water (mobile phase A) and 

acetonitrile (mobile phase B). The column was kept at 30°C for the entire run. The linear gradient used for 

elution of the column is shown in table 3.6. After use, the column was stored with a 20 mM ammonium acetate 

70% acetonitrile solution. 

Table 3.6: HILIC gradient 

HILIC gradient 

Time (min) 
Flow-rate 
(ml/min) 

%A %B 

0 0.3 20 80 
1 0.3 20 80 
30 0.3 80 20 
31 0.3 92 8 
36 0.3 92 8 
37 0.3 20 80 
46 0.3 20 80 
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3.4.2 High-resolution mass spectrometry (HRMS) 

 After the separation provided by the HPLC, the compounds eluting from the column were guided to 

the MS. Before entering the mass spectrometer, the eluting compounds need to be ionized, for example in a 

heated-electrospray ionization probe (HESI-II), which was used in connection with the Q-Exactive high-

resolution mass spectrometer. 

Figure 3.7: Overview of the different instrumental parts of the Q-Exactive high-resolution MS system. 
http://pubs.rsc.org/en/content/articlelanding/2014/an/c4an00956h#!divAbstract) 

The mass spectrometer can only analyse charged compounds in the gas phase. Thus, the HESI is used 

to create ions in the gas phase out of the mobile phase by applying a high voltage and a flow of nitrogen. As a 

result, the liquid is sprayed out of the probe as aerosolised charged droplets. Heated gas (nitrogen of 97-99% 

purity) is applied to help the evaporation of solvents in the droplets. As more of the solvent evaporates, the 

density of the charge at the surface of the droplets increases. At a certain point, the charge density becomes so 

high that the electrical repulsion overcomes the surface tension. Hence, the droplets will shatter into smaller 

droplets. The shattering of droplets into smaller droplets continues for a certain time and every time a droplet 

“explodes”, small gas phase ions are generated (figure 3.8). The probe can be used both in positive and 

negative polarity mode.47 The formed ions are now guided via an ion transfer tube to the S-lens. Here they are 

focused into a small ion beam, which is led to the hyperbolic quadrupole mass filter.42, 48 

 

Figure 3.8: Overview of the HESI-II probe in positive mode. 
(http://tools.thermofisher.com/content/sfs/manuals/HESI_II_Probe_User.pdf) 
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The quadrupole mass filter filters the formed ions, based on their mass-to-charge ratio (m/z). The 

quadrupole consists of four hyperbolic rods with a small space in the middle where the ions are passing 

through. The pairs of opposite rods are each held at the same potential. There is the possibility to apply 

different voltages to the rods, and therefore, depending on the mass-to-charge ratio, some of the ions will 

reach the end of the quadrupole, yet others will get defocused from their track and strike a rod. By applying a 

specific voltage, ions with a prescribed mass-to-charge ratio will get focused, while the others get eliminated. 

Additionally, it’s also possible to employ alterations in the voltage, so ions with a certain range of mass-to-

charge ratios can be filtered.42, 49 These methods are used for a specific mass-to-charge search or MS2 scan (as 

described in 3.7). For a full scan analysis, the ions are accumulated in the C-trap after they went through the 

quadrupole and are now led to the Orbitrap, while clustering into a small ion cloud. In the Orbitrap, the ions 

circulate in an orbital motion between a central and a coaxial electrode. This motion creates an image current 

that is detected, and the chromatograms are built after Fourier-transformation of the measured current. In 

order to perform MS fragmentation experiments, selected ions may be transferred to a higher-collision 

dissociation (HCD) cell where fragmentation occurs, before the product ions are analysed in the Orbitrap.42, 50 

The first analysis of the samples was a full scan analysis, executed with a Q ExactiveTM mass 

spectrometer. The polarity of the electrospray interface was set to both positive and negative mode, i.e. the 

electrospray interface continuously switched between positive and negative polarity. As a result, data were 

acquired for both polarities in one run. The full-scan mode had a scan range from 80 to 1200 m/z for all of the 

three HPLC runs. The instrumental parameters for the HRMS and the HESI are described in respectively table 

3.7 and table 3.8.  

Table 3.7: HRMS parameters 

HRMS Parameters 

Criteria Parameter setting 
Resolution (at m/z 200) 70,000 
ACG target 1E06 
Maximum inject time 200 ms 
Scan range 80 to 1200 m/z 
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Table 3.8: HESI source parameters 

HESI Source Parameters 

Criteria Parameter setting 
Sheat gas flow rate 35 
Auxiliary gas flow rate 10 
Sweep gas flow rate 0 
Spray voltage (kV) 3 
Capillary temperature 280 °C 
S-lens RF level 50 
Heater temperature 300 °C 

 

3.5 MASS SPECTROMETRY DATA PROCESSING 

3.5.1 Raw data file processing 

 Before processing the data obtained from the HPLC-MS, the Xcalibur raw data files were converted 

into the mzML standard mass spectrometry data format using ProteoWizard, so they were available for 

automatized processing in MZmine. At the same time, ProteoWizard splits the raw data files into two new files, 

each containing either the positive or the negative ionization data. So the positive and negative ionization data 

can be processed separately through MZmine. 

3.5.2 MZMine 2.10 procedure and settings 

 For the processing of the acquired data, MZmine 2 was used. This programme is an open-source 

software for mass-spectrometry data processing, with the main focus on LC-MS data.42, 51 As mentioned in 3.5.1, 

the positive and negative data were processed separately, and then combined prior to multivariate data 

analyses. All the parameters of the different processing steps were identical for each data set, except for the 

filtering (as described in 3.5.2.5) due to the different running times of the three HPLC methods. 

3.5.2.1 Peak detection 

The first process involves three steps, namely the mass detection, the chromatogram building and the 

deconvolution of peaks.52 Basically, these steps detect all the generated mass peaks acquired by the mass 

spectrometer. Mass detection generates a list of masses (ions as m/z) for each data file. All data points above 

the specified noise level are detected as m/z peaks (ions) and all those below this intensity level are ignored 

and considered as noise.42, 51, 53 The used parameter settings can be found in Table 3.9. 

Table 3.9: Parameter settings for mass detection in MZmine 

Mass detection 

Criteria Parameter setting 
Mass detector Centroid 
Noise level 1000 
MS level 1 



 
 

 23 

 

During the chromatogram building step, ion chromatograms were extracted for each m/z with a span 

over a predefined minimum peak width. These chromatograms are assembled in peak lists for each data file 

meaning that a peak list is created for each sample containing extracted chromatograms for every ion above 

the set threshold (Table 3.10).42 

Table 3.10: Parameter settings for chromatogram builder in MZmine 

Chromatogram builder 

Criteria Parameter setting 
Minimum time spam (min) 0.2 
Minimum height 1E05 
m/z tolerance 0.001 m/z or 5 ppm 

Due to structural isomerism (i.e. ions of identical molecular formulae), some of the constructed 

chromatograms may contain several peaks. Chromatogram deconvolution separates these into individual 

chromatograms, ideally containing only one single peak. Table 3.11 shows that the ‘local minimum search’ 

algorithm was used for this step, which attempts to identify local minima as border points between individual 

peaks in the chromatogram. 42, 51, 53 

Table 3.11: Parameter settings for chromatogram deconvolution in MZmine 

Chromatogram deconvolution 

Criteria Parameter setting 
Algorithm Local minimum search 
Chromatogram threshold 1% 
Search minimum in RT range 0.4 min 
Minimum relative height 5% 
Minimum absolute height 1E05 
Minimum ratio of peak of peak 5 
Peak duration range 0.5 min – 5 min 

 
3.5.2.2 Deisotoping 

After peak detection, all the peaks were deisotoped. The aim of the deisotoping is to remove 

chromatograms that arise from isotope peaks thereby reducing the data set. The deisotoping algorithm tries to 

find the most qualified charge state for each peak by comparing the number of identified isotopes for each 

charge. Peaks are regarded as isotopes when they comply for the predefined RT tolerance and m/z tolerance 

limits for a given charge state. The applied parameters for deisotoping are shown in Table 3.12. The isotope 

pattern is generated for the charge state with the highest number of detected isotopes. Then, the highest 

isotope is kept in the peak list, while the other isotopes were removed. 42, 53 
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Table 3.12: Parameter settings for deisotoping in MZmine 

Isotopic peak grouper 

Criteria Parameter setting 
m/z tolerance 0.001 m/z or 5 ppm 
Retention time tolerance 0.1 absolute (min) 
Maximum charge 2 
Representative isotope Most intense 

 
3.5.2.3 Peak list alignment 

Peak list alignment aims to match corresponding peaks from separate data files into one new aligned 

peak list. When this has been done, the new aligned peak list will contain several rows and several columns. 

Each column represents one individual file and every row represents one chromatographic peak (“metabolic 

feature”) that has been matched to the corresponding peaks in the other files. 42, 53 The chosen alignment 

algorithm was the ‘JOIN aligner’, and the parameters can be found in Table 3.13. 

Table 3.13: Parameter setting for peak alignment in MZmine 

Peak list alignment 

Criteria Parameter setting 
Algorithm JOIN aligner 
m/z tolerance 0.001 m/z or 5 ppm 
Retention time tolerance after 
correction 

0.8 min 

Retention time tolerance 0.8 min 
RANSAC iterations 15000 
Minimum number of points 20.00% 
Threshold value 2 
Linear model No 

 

3.5.2.4 Gap filling 

The peak list alignment is never perfect, and thus not each peak had been matched leaving 'gaps’ in 

peak rows for some samples. In some cases, this is because a peak remained undetected by the previous 

algorithms, e.g. due to errors in the alignment or insufficient peak detection. Such errors are accounted for by a 

process called “gap filling”. In this case the ‘same m/z and RT range gap filler’ has been applied to detect the 

potentially missing peaks and to add these to the aligned peak lists (Table 3.14). The ranges for the m/z and 

retention time for the gap filling process are automatically defined according to the already detected peaks in 

the same row. After the gap filling, peaks that also were present in all blank samples at an intensity of 

approximately 5%, or higher, relative to the QC samples were deleted as it could be anticipated that these were 

due background contamination. 42, 53 
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Table 3.14: Parameter settings for gap filling in MZmine 

Gap filling 
Criteria Parameter setting 
Algorithm Same RT and m/z range gap filler 
m/z tolerance 0.001 m/z or 5 ppm 

 
3.5.2.5 Peak list filtering 

During peak list filtering, rows which do not comply with the set criteria, are removed from the peak 

list (Table 3.15). In this study, the peak list filtering was carried out in order to remove peaks, which were only 

detected in a rather low number of samples and in order to exclude peaks in the beginning of a chromatogram 

that lack chromatographic resolution. 42, 53 

Table 3.15: Parameter settings for peak list filtering in MZmine 

Peak list filtering 

Criteria Parameter setting 
Algorithm Peak list rows filter 
Minimum peaks in a row 33 
Minimum peaks in an isotope 
pattern 

1 

m/z 75-1000 
Retention time 3-33a 

Peak duration 0.2-5 
a This was for the HILIC database. for the C18 database it was 1-25 min. and for the F5 1-30 min. 

3.5.2.6 Identification 

This identification step consisted of two individual tasks, the ‘adduct search’ and the ‘peak complex 

search’. The adduct search function in MZmine aims to find possible predefined adducts in the peak list, e.g. 

formate or solvent adducts (Table 3.16). Adducts have been identified by two important criteria. Criterion 1 

requests that the mass difference between the adduct and the original ion must be equal to one of the chosen 

adducts and criterion 2 requests that the retention time (RT) of the original ion and the ion of the adduct must 

be the same. 42, 53 

Table 3.16: Parameter settings for adduct search in MZmine 

Adduct search 

Criteria Parameter setting 
Algorithm Adduct search 
RT tolerance 0.2 absolute (min) 
Adducts in positive mode Na, K, NH4, ACN and MeOH 
Adducts in negative mode Formate, ACN and MeOH 
m/z tolerance 0.001 m/z or 5 ppm 
Max relative adducts peak height 50% 
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As some ions have the ability to form an ion complex (e.g. dimers) a ‘peak complex search’ has been 

carried out (Table 3.17). In order to be identified as a complex, the following two criteria needed to be fulfilled: 

First, the RT for both the complex ion and the separated ions must be the same, and also the observed m/z 

must fit with the theoretical m/z within the set tolerance (5 ppm, table 3.18). 42, 53 

Table 3.17: Parameter setting for peak complex search in MZmine 

Peak complex search 

Criteria Parameter setting 
Algorithm Peak complex search 

Ionization method 
Positive mode: M + H 
Negative mode: M - H 

Retention time tolerance 0.2 absolute (min) 
m/z tolerance O.OO1 m/z or 5 ppm 
Maximum complex peak height 50% 

 

3.5.3 File export and log-transformation 

After the data processing the final peak lists were exported and saved as .csv files, which can be read 

by Microsoft Excel. Before the dataset was subjected to multivariate statistical analyses, it was normalised and 

transposed. First, the negative and positive dataset of the corresponding run were combined in the same 

spreadsheet. The blank samples were not included in the statistical analyses, while the remaining data were 

arranged as follows: QC samples, followed by the data from the co-cultures, the data from the two pure F. 

graminearum strains and finally the data from the pure F. langsethiae strains. An additional identification row 

was added were the polarity was combined with the row ID in order to simplify the labelling. All peak areas 

were log-transformed in Microsoft Excel prior to multivariate statistical analyses. 

3.6 DATA ANALYSIS 

Multivariate statistical analyses (MVA) of the three obtained data sets was accomplished using the 

software Simca (version 14.1, Sartorius Stedim Biotech, Umeå, Sweden). Principal component analysis (PCA) was 

used to visualise the total variation in the datasets, while orthogonal partial least squares projections – 

discriminant analysis (OPLS-DA) was used to identify the variables (i.e. ions) that contributed to the observed 

discrimination between groups. The transposed datasets were imported into Simca, and the rows were 

labelled. The first row containing the row ID and polarity, was defined as the ‘primary ID’. The second row 

which contained the m/z and the third row containing the retention time, were defined as secondary ID’s. 
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3.6.1 Principal component analysis (PCA) 

Unsupervised PCA was used in order to reveal the total variation of the dataset. PCA was carried out 

after pareto-scaling of the data. Pareto-scaling (Par) means that all variables were centred and divided by the 

square root of the standard deviation computed around the mean.54 During pareto-scaling (Par) large fold 

changes are decreased more than small fold changes, meaning that the large fold changes are less dominant 

and will less contribute to the variation in order to prevent outliers being dominant.58 The different types of 

samples (i.e. the co-cultures, the QC’s and the pure cultures) were coloured in groups for better visualisation in 

the score plots. 

3.6.2 Discriminant analysis (Orthogonal partial least squares, OPLS-DA) 

Supervised discriminant analysis was performed to reveal the discriminating variables (i.e. peak 

areas) between the LC-MS dataset from the co-cultures and those of the pure F. langsethiae cultures. The 

variables were Par-scaled as described in 3.6.1. Par-scaling is commonly used to reduce the influence of 

intense peaks while emphasizing weaker peaks that may have more biological relevance.58 The corresponding 

loadings of intense peaks will be relatively reduced and loadings from weak peaks will be relatively increased 

due to Par-scaling, as mentioned in 3.6.1. The QC samples and the pure F. graminearum samples weren’t 

included in the OPLS-DA analysis. 

3.6.3 Selection of potentially different compounds 

The S-plot and variable-of-importance (VIP) plot of the datasets were generated after OPLS-DA, which 

both visualize and score the contribution of different variables (i.e. peak areas of different metabolites) to the 

observed discrimination of the two groups in the OPLS-DA scores plot. The metabolites that contributed the 

most to the difference between co-cultures and pure cultures were selected from the S-plot and VIP-plot (i.e. 

areas outside the -O.05 and 0.05 range on the x-axis (p[1]-axis) and -0.5 and 0.5 range on the y-axis 

(p(corr)[1]-axis) in the S-plot and with a VIP score exceeding 3). Candidate metabolites for which the relative 

standard deviation within the QC samples exceeded 30% were excluded. Furthermore, peaks from compounds 

that were also detected (at comparable signal/noise) in the agar blank or in the pure F. graminearum cultures 

were also excluded. After these selection steps, a two-tailed T-test was performed in order to test if the 

difference of the analysed compound was statistically significant. The significance level was set to 0.05%.  

3.6.4 Generating potential elemental formulae 

The potential elemental compositions of the selected metabolites were determined in Xcalibur 

(Thermo Fisher Scientific, version 2.2) and with a mass uncertainty of 5 ppm. The obtained elemental 

compositions were further verified by including isotope peaks in the calculations. The elemental search 
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included C, H, O, N and Na, and eventually Cl or S if the corresponding isotope peak was visible. Possible 

elemental compositions were searched against PubChem, Chemspider and Wiley AntiBase. 

3.7 MASS SPECTROMETRIC FRAGMENTATION OF POTENTIAL TARGET COMPOUNDS 

 In order to get further insight into structural details of metabolites that were upregulated in the 

F. langsethiae strains in co-cultures, high-resolution MS/MS as well as MS2 and MS3 spectra were generated 

using the Q-ExactiveTM Mass Spectrometer or a Finnigan LTQ Linear Ion Trap Mass Spectrometer coupled to a 

Finnigan Surveyor MS Pump Plus and Autosampler Plus (Thermo Fisher Scientific Inc., Waltham, MA, USA), 

respectively. 

3.7.1 MS/MS using Q-ExactiveTM mass spectrometry 

In order to acquire high-resolution MS/MS spectra, the quadrupole was set to filter the precursor ions 

of target metabolites with a window of m/z 2. After filtering in the quadrupole, the ions are guided to the 

higher-energy collisional dissociation (HCD) cell were fragmentation takes place using nitrogen as collision 

gas. The product ions are then collected in the C-trap and guided to the Orbitrap for analysis as described in 

3.4.2. The HILIC method was used for separation as described in 3.4.1.2. The Q ExactiveTM was run in full-scan 

mode with a range of 200 to 700 m/z followed by data-depend MS/MS (ddMS2) scanning including the 

precursor ions of interest from a peak list with an intensity threshold of 5 × 104. The activation Q was set to 

0.25 and the activation time was set to 30 ms with a relative fragmentation energy of 35 %. Separate methods 

were run in positive ionisation mode and negative ionisation mode. 

3.7.2 Linear ion trap mass spectrometry (ITMS) 

 The Ion trap mass spectrometer was used to generate the MS2 and MS3 spectra. Fungal extracts were 

separated using the HILIC method. In ITMS, the generated ions are trapped in the mass analyser and 

sequentially extracted and detected. Ions that are selected for collision-induced dissociation (CID) using 

helium as dampening gas are kept in the ion trap. The obtained product ions are then again sequentially sent 

to the detector. Product ions can again be selected and kept in the ion trap for further fragmentation. The 

whole process can in theory be repeated up to ten times. Analysing these obtained spectra can give insights 

into structural features of unknown molecules. 

The ion trap mass spectrometer was run in the full-scan mode with a mass range of 140 to 665 m/z. 

Ions were selected for CID with an isolation width of 2 m/z. The activation Q was set to 0.25 and the activation 

time was set to 30 ms with a relative fragmentation energy of 35 %. 
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3.8 STRATEGIES FOR PURIFICATION OF TARGET COMPOUNDS 

3.8.1 Extraction with different solvents 

 Replicate samples (three) were taken from the inhibition zone from three randomly selected co-

cultures from the second inoculation, that had been stored in the freezer, and were transferred to labelled 

Eppendorf-tubes. These samples were used to test the differences between extracting the compounds using 

different solvents. Water, chloroform and 80% acetonitrile in water (v/v) were used as the different extraction 

solvents. 

 Water (300 µL) was added to one replicate sample of each co-culture, while 300 µL of chloroform 

was added to the second replicate sample of each co-culture and 300 µL of 80% acetonitrile was added to the 

third replicate sample. All the tubes were placed in an ultrasonic bath (Emerson-Branson, St-Louis MO, USA) for 

approximately 20 min in order to improve the extraction. All samples were transferred to labelled 250 µL 

chromatography vials. The water and chloroform samples were evaporated by using a heat module set to 60 

°C (Thermo Scientific, Bremen, Germany) and nitrogen gas. The residues were dissolved in 80% acetonitrile by 

vortexing and The extracts were analysed using the HILIC method and the Q ExactiveTM mass spectrometer to 

compare the extraction efficiency of the different solvents. 

3.8.2 Solid phase extraction 

 Water extracts from two replicate samples (3.8.1) were chromatographed on two solid phase 

extraction (SPE) columns. The first SPE column was an Oasis HLB cartridge (60 mg; Waters Corporation, Milford, 

MA, USA), a universal polymeric reversed-phase sorbent that retains a wide range of chemical compounds from 

various matrices. The second column was a Bond-Elute C18 SPE cartridge (60 mg; Varian, Agilent Technologies, 

Wilmington, DE, USA). 

 The protocol for conditioning and elution of the two SPE columns was identical. The cartridges were 

conditioned with 2 mL methanol and then 2 mL deionised water. After the conditioning step, 250 µL of the 

sample extract was loaded onto the cartridge. The columns were eluted with a stepwise gradient consisting of 

2 mL each of pure water, 0.5, 2, 5, 7, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 100% methanol. Individual fractions 

were collected in labelled conical tubes, and the solutions were evaporated using a XcelVapTM Automated 

Evaporation/Concentration System (Horizon Technology, Salem, New Hampshire, USA). The residues were 

reconstituted in 250 µL of 80% acetonitrile. The tubes were vortexed briefly and sonicated for 20 min in order 

to aid dissolution. The samples were analysed using the HILIC method and the Q ExactiveTM mass spectrometer. 
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3.9 GENETIC ANALYSIS OF THE DIFFERENT FUSARIUM LANGSETHIAE STRAINS 

 Fusarium langsethiae has two different subgroups which are differentiated by a genome deletion of 

140 base pairs.55 By using polymerase chain reaction (PCR) analysis of that genomic region and differentiation 

of the acquired PCR product sizes on an agarose gel, an analysis was performed to determine to which 

subclasses the F. langsethiae strains in the study belonged. 

3.9.1 DNA extraction 

 For DNA extraction from F. langsethiae and F. graminearum cultures a PowerSoilâ DNA Isolation Kit 

(MO BIO Laboratories Inc., Carlsbad CA, USA) was used. The kit provides Eppendorf-tubes with power beads for 

breaking the tissue and enhance lysis, Eppendorf-tubes with silica spin filter membrane to capture DNA, and 

six different solutions. The kit is optimised for removal of components in soil that will inhibit downstream 

enzymatic reactions, and has proven to work well also for grain. 

 DNA was isolated from frozen mycelia from all strains, these were already stored and made in 

advance. Approximately 150-200 mg of sample was transferred in a PowerBead Tube and vortexed to mix the 

components. The tubes contained a buffer that helped disperse the sample, began to dissolve humic acid and 

protected the nucleic acids from degradation. After this step, 60 µL of solution C1 was added to the PowerBead 

Tubes and the tubes were briefly vortexed to homogenize. This solution contained sodium dodecyl sulfate 

(SDS) and other disruption agents required for complete cell lysis. SDS is an anionic detergent that breaks 

down fatty acids and lipids associated with the cell membrane. All the tubes were secured to a vortex adapter 

and vortexed for 10 minutes to homogenize and lyse the samples by the chemical detergent and the 

mechanical force. 

 The tubes were centrifuged at 10,000 g for 30 seconds at room temperature. The supernatant after 

centrifuging was transferred to clean Eppendorf-tubes and 250 µL of solution C2 was added, the tubes were 

vortexed for 5 seconds and incubated for 5 minutes at 4°C. The C2 solution contained a reagent to precipitate 

non-DNA organic and inorganic material including humic substances, cell debris, and protein to prevent 

contamination, reduction of DNA purity and inhibition of downstream enzymatic reactions.  

After the incubation, the tubes were centrifuged at 10,000 g for 1 minute at room temperature. At that 

point, the pellet contained non-DNA organic and inorganic material. 600 µL of supernatant was transferred to 

new Eppendorf-tubes and 200 µL of solution C3 was added, the tubes were vortexed briefly and incubated for 

5 minutes at 4°C. The C3 solution contained a second reagent to precipitate additional non-DNA organic and 

inorganic material. 
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After the incubation, the tubes were centrifuged at 10,000 g for 1 minute at room temperature. As in 

the previous step, the pellet contained non-DNA organic and inorganic material. 750 µL of supernatant was 

transferred to new Eppendorf-tubes and 1.2 mL of solution C4 was added, the tubes were vortexed for 5 

seconds. Solution C4 contained a high concentrated salt solution. DNA binds tightly to silica at high salt 

concentrations, so solution C4 adjusted the DNA solution salt concentration to allow specific binding of DNA. 

A 675 µL sample of this solution was loaded onto a Spin Filter, which contained the silica membrane, 

and was centrifuged at 10000 g for 1 minute at room temperature. The flow through was discarded and this 

procedure was repeated twice to bring all the solution through the Spin Filter. The DNA bound selectively to 

the silica membrane in the Spin Filter. Contaminants passed through the filter membrane, leaving only DNA 

bounded to the membrane. 

Of solution C5, 500 µL was added onto the Spin Filter and centrifuged at 10,000 g for 30 seconds at 

room temperature and the flow through was discarded. Solution C5 contained an ethanol based wash solution 

used to clean the silica and bound DNA from any remaining contaminants such as residual salt and humic acid, 

while allowing the DNA to stay bounded to the silica membrane. 

The tubes with spin filters were centrifuged at 10,000 g for 1 minute at room temperature. This spin 

removed all of the residual ethanol wash solution that potentially could interfere with the PCR. The spin filters 

were carefully placed in a new Eppendorf-tube. 100 µL of the C6 solution was added onto the centre of the 

silica membrane to make sure that the membrane is uniformly wetted. The tubes were centrifuged at 10000 g 

for 30 seconds at room temperature. Solution C6 (10 mM Tris) lacks salt and releases the bound DNA from the 

silica column thereby eluting the DNA into the collection tube. The Spin Filter was discarded, at this point the 

DNA was in the tubes ready for further procedures. The tubes were stored at – 20°C. 

3.9.2 PCR Amplification 

 PCR amplification was done using the IllustraTM kit PuReTaqTM Ready-To-Go PCR beads (GE Healthcare, 

Hatfield, UK). The included reaction beads contain lyophilised Taq polymerase, salts and deoxynucleotides 

(dNTPs; dATP, dTTP, dCTP, dGTP), needed for the PCR reaction. The two F. langsethiae subgroups were separated 

using the species-specific primer pair CNL12/PulvIGSr. The difference between subgroups is based on a 140 

base pair deletion in the genome between the two primer binding sites. Thus, using this primer pair, either of 

two amplicon sizes are generated, 750 and 610 base pairs, for subgroup I and II, respectively.55 Specifications of 

the primers can be found in table 3.18. 
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 A 100 µM primer stock solution was made from each primer which were then diluted to a 5 µM 

working solution. PCR amplification was performed in a reaction volume of 25 µL, containing 10 µL DNA; 1,5 µL 

of each primer working solution and 12 µL water. The amplification itself was performed in a T100 Thermal 

Cycler (BIO-RAD, Hercules, CA, USA) instrument using the following conditions: DNA denaturation at 94 °C for 

90 s, primer annealing at 55 °C for 90 s and primer extension at 72 °C for 90 s, followed by an extension at 72 

°C for 3 min. The PCR program was set for 30 cycles. 

3.9.3 Agarose gel electrophoresis and DNA visualisation 

 PCR amplicons were analysed on a 1 % agarose gel (1 g Electran Agarose DNA pure grade (VWR, Cat.No. 

443666A) in 100 mL 1x Tris/Borate/EDTA buffer) pre-stained with 10 µL GelRed nucleic acid gel stain (Biotium 

(CA, Cat.No. 41003), Fremont, CA, USA). Six µL loading dye was added to each PCR reaction and 15 µL of the PCR 

reaction was loaded on the gel. PCR products were separated on the gel at approximately 50 Volt (30-40 mA) 

and visualised with UV using the ChemiDoc XRS+ Imaging System (BIO-RAD, Hercules, CA, USA). The gen image 

was interpreted using the Image Lab 5.1 software and PCR product sizes were determined according to DNA 

standards; 1 kb Gene Ruler (Cat.No. SM0313, Thermo Scientific, Waltham, MASS, USA) and 50 bp O’GeneRuler 

(Cat.No. SM1133; Thermo Scientific, Waltham, MASS, USA). 

Table 3.18: Sequences of the used primers55 

Primer name Sequence 5’-3’ Origin Specificity Fragment size (bp) 
PulvIGSr GAACCGTCCGGCACCCATCC IGSa F. sporotrichioides/ 

F. langsethiae 610 or 750 
CNL12 CTGAACGCCTCTAAGTCAG IGSa 

a Intergenic spacer  
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4 RESULTS AND DISCUSSION 

4.1  CO-CULTURES OF F. LANGSETHIAE AND F. GRAMINEARUM 

4.1.1 First inoculation 

After a cultivation period of 4 days all of the co-cultures were examined for formation of an inhibition 

zone. Of these co-cultures, 11 of the 38 were identified where a pronounced inhibition zone around the F. 

langsethiae culture was visible (figure 4.1). The ascribed co-culture numbers and the fungal strain IDs of can be 

found in table 4.1. The desired co-cultures showing an inhibition zone were separated from the others and 

placed in a freezer to stop the growth and metabolite production. These cultures were used for the 

metabolomics part of the study. 

Table 4.1: Details of the 11 co-cultures in which F. langsethiae inhibited the growth of F. graminearum 

  F. langsethiae Fga - 15ADON Fga - 3ADON 
Co-culture number Flb-ID Fga-ID Fga-ID 

1 VI 03268 VI 05257  

2 VI 03278 VI 05257  

3 VI 03279 VI 05257  

4 VI 03271 VI 05257  

5 VI 06366 VI 05257  

6 VI 01283 VI 05257  

7 VI 01283  VI 05261 

8 VI 01268 VI 05257  

9 VI 01268  VI 05261 

10 VI 06118 VI 05257  

11 VI 06118  VI 05261 

12  VI 05257  

13   VI 05261 

14 Blank   

a Fg: Fusarium graminearum 

b Fl: Fusarium langsethiae 

4.1.2 Second inoculation 

In order to test if the observed inhibition of F. graminearum by F. langsethiae was repeatable, another 

set of co-cultures were prepared according to section 3.2. In this inoculation, only the strains listed in table 4.1 

were included. After incubation, all the plates showed the exact same inhibition effect as observed in the 

previous inoculation, showing that this effect could be very well reproduced using these strains of F. 

langsethiae. 
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Figure 4.1: Eight examples of the F. langsethiae and F. graminearum co-cultures showing a more or less pronounced 
inhibition zone as seen from above. 
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4.1.3 Incubations at different temperatures 

Table 4.2: Selected fungal strains for incubation at different temperatures, F. langsethiae/ langsethiae co-
cultures and co-cultures with frozen F. langsethiae 

  F. langsethiae Fgb - 15ADON Fgb - 3ADON 
Interaction number Fla-ID Fgb-ID Fgb-ID 
1 VI 03268 VI 05257  
8 VI 01268 VI 05257 

 
9 VI 01268 

 
VI 05261 

6 VI 01283 VI 05257 
 

7 VI 01283 
 

VI 05261 
10 VI 06118 VI 05257 

 
11 VI 06118 

 
VI 05261 

a Fg: Fusarium graminearum 

b Fl: Fusarium langsethiae 

 The fungal strains listed in table 4.2 were used to repeat the inoculations at different temperatures 

(i.e. F. langsethiae/graminearum co-cultures, F. langsethiae/langsethiae co-cultures and F. graminearum YES 

plate containing a piece from a F. langsethiae YES culture that had been frozen). The results for all the F. 

langsethiae/graminearum co-culturesstrains were generally comparable, independently of the incubation 

temperature. For the plates that were incubated at 15 °C, the F. graminearum developed much slower than at 

20 and 25 °C. Half of the plates didn’t have growth of F. graminearum at all, perhaps due to inoculation errors 

where too little mycelium was transferred to the new plates. However, in cases where the F. graminearum did 

develop it showed regression in growth when reaching the F. langsethiae colony. Regarding the plates that 

were incubated at 20 °C, the F. graminearum developed better and the inhibition zone between the two fungi 

was most obvious. At 25 °C, the F. graminearum strains developed fast and overgrew the F. langsethiae after 3 

days. However, the inhibition zone was still visible from the bottom of the agar plate, indicating that only 

aerial hyphae were growing over. The F. langsethiae colonies showed a broader tolerance to the different 

temperatures,34 with almost equal growth at the three temperatures. An optimum temperature is usually 

around 20 °C (Hege Divon, personal communication), making it the perfect temperature to clearly visualise the 

inhibition zone. At 25 °C, the growth of F. langsethiae was more compact than at the other tested 

temperatures. Thus, the F. langsethiae strains were incubated two additional days due to inoculations made 

from frozen storage samples that needed more time to grow. Given those two extra days, the F. langsethiae 

grew better than the first two inoculations which also contributed to a better visualisation of the inhibition 

effect (Figure 4.2). However, this can also be a result of competition for and depletion of nutrients. 
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Figure 4.2: Pictures of the replicates of the F. langsethiae strain VI01268 and the F. graminearum strain VI05257, 
which were incubated at different temperatures. Shown on the left side, the results of the incubation at 15 °C with 
a picture as seen from the bottom and as seen from the top. In the middle, the results for 20 °C and on the right 
the results for 25 °C. 

4.1.4. F. langsethiae/ langsethiae co-cultures 

 Table 4.1 shows the four F. langsethiae strains used to make F. langsethiae/ langsethiae co-cultures. As 

expected, growth was slower at 15 °C. An optimum could be seen at 20 °C, and at 25 °C,34 the growth of F. 

langsethiae was more compact. The four colonies did form a slight inhibition zone towards each other at 20 °C 

indicating some competitive relationship. It is however, not possible to conclude whether this is due to the 

same mechanisms as for co-cultures of F. langsethiae and F. graminearum. (Figure 4.3) 

   

   

Figure 4.3: Pictures of the replicates of the F. langsethiae/ langsethiae co-culture, using strains VI01268, VI01283, 
VI03268, VI06118, which were incubated at different temperatures. Shown on the left side, the results of the 
incubation at 15 °C with a picture as seen from the bottom and as seen from the top. In the middle, the results for 
20 °C and on the right the results for 25 °C. 
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4.1.5 Co-cultures with frozen F. langsethiae 

 This experiment was set up in order to test if chemicals in the (frozen) F. langsethiae inhibition zone 

had any effect on the growth of F. graminearum after insertion of a piece of the inhibition zone in a new agar 

plate destined for cultivation of F. graminearum. This could give an insight whether the effect is due to 

nutrient competition or inhibiting compounds. However, due to the presence of viable macroconidia from F. 

graminearum surviving the frozen condition, F. graminearum of the previous inoculation started to grow again. 

This resulted in overgrowth of F. graminearum on different parts of the plates, and no observations or 

conclusions could be made. In order to redo this experiment, one should try to get rid of these macroconidia by 

freezing the YES-plates at an even lower temperature or extended time. Macroconidia are multinucleate 

asexual spores. They have a thick cell wall with 5-6 inner cell compartments separated by septa (figure 4.4). F. 

graminearum macroconidia are typically 41-60 µm long and 4-5,5 µm across. In comparison, F. langsethiae 

produces only uninucleate microspores with a diameter of approximately 4-5 µm.56 It is therefor expected that 

F. graminearum is more robust and survived the freezing better than F. langsethiae. 

 
Figure 4.4: Microscopic view of F. graminearum macroconidia (https://en.wikipedia.org/wiki/Gibberella_zeae) 

4.2 LC-HRMS ANALYSIS AND DATA PROCESSING 

 Three different columns (see section 3.4) with different chemistry and thus selectivity were used in 

this study, in order to achieve optimal chromatographic separation of all the extracted metabolites. Because 

the extracted molecules could be expected to span a large range of functionalities and molecular size, it was 

not possible to predict the best applicable method to analyse the composition of the samples. For example, 

RP-HPLC is limited for highly polar compounds which will be better retained by HILIC. 

In order to get an overview over some expected mycotoxins produced by the incubated colonies, a 

mixed reference standard was added to the analyses (figure 4.5). The mixed standards sample contained the 

most common trichothecene mycotoxins produced by Fusarium species and zearalenone (see section 3.3.3). 

Thus, comparing the LC-HRMS chromatograms from the thricothecenes in the mixed standards sample with 
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those obtained from the extracts from the co-cultures or pure cultures gave insight into the production of 

major mycotoxins in the incubated cultures. Due to the limited amount of time available for the study, only 4 

selected co-culture extracts were compared to the mixed standard giving a general idea of which mycotoxins 

were present in the samples. In order to plot extracted ion chromatograms, one must calculate the exact mass 

of the possible or expected ions of these compounds, since the mass spectrometer only detects ions (see 3.4.2). 

Thus, a table was made including the used reference mycotoxins and the exact masses of their neutral form 

(as reference), [M+H]+, [M+NH4]+, [M+Na]+, [M-H]− and [M+formate]−. These masses were then used for plotting 

extracted ion chromatograms. An overview over observed ions for the trichothecene mycotoxins and 

zearalenone can be found in the addendum. (Table 7.3) 

The first profile is from the inhibition zone of a co-culture sample (1A) where one can see that the 

most intense LC-HRMS peak was due to T2-toxin (9) (Figure 4.5). Neosolaniol (4) and diacetoxyscirpenol (6) 

could also be detected as prominent peaks together with two peaks, which did not correspond to any of the 

standard compounds. The second profile was from a pure F. langsethiae culture extract (1D), and was highly 

similar to that from the co-culture. Most other reference compounds could not be detected. The third and 

fourth profiles were from the pure F. graminearum 15ADON-genotype (12A) and 3ADON-genotype (13A), 

respectively. However, none of the peaks in the chromatograms could be connected to known mycotoxins in 

the mixed standards as they did correspond in both retention times and m/z ratio’s. One could further analyse 

these chromatograms by generating potential formulae from the base peak and isotope peaks in their MS 

spectra and by MS fragmentation in order to see if the detected compounds are structurally related to the 

reference compounds. 

When investigating the ADON chromatogram of the mixed reference standard in comparison with the extracts 

from the chromatograms of the two F. graminearum, it became clear that the 15ADON-genotype did not 

produce any ADON (Figure 4.6). As extra investigation, one could search for 15ADON in the samples of the co-

cultures where the 15ADON-genotype was used for the inoculation to see if 15ADON was produced in these 

cultures. However, the chromatograms of the extracts from the 3ADON-genotype showed a prominent peak 

corresponding to 3ADON (Figure 4.6). The mixed standard contained both 15ADON and 3ADON. When looking at 

the peak on the RP(C18)-HPLC both elute at the same time, and thus one could not separate the isomers on 

this type column type. However, by using a RP(F5)-HPLC column which has the capacity to separate isomers as 

described in section 3.4.1.1, the acetates could be separated as shown in Figure 4.6. 
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Figure 4.5: Extracted ion chromatograms from LC-HRMS of the mycotoxins in the mixed standards sample (left and 
right) in comparison with the chromatogram of the mycotoxins produced by a co-culture sample (1A), a pure F. 
langsethiae sample (1D) (both left) and the two F. graminearum samples (12A and 13A) (right). Chromatograms were 
indicated with number 1 being NIV, 2 DON, 3 FUS-X, 4 NEO, 5 ADON, 6 DAS, 7 T-2 TRIO, 8 HT-2, 9 T-2, 10 ZEA. 
Chromatograms marked with * could not be linked with a chromatogram of the mixed standards profile. 

  

Figure 4.6: Extracted LC-HRMS chromatogram from the ADON as seen with the C18 method (on the left) of the 
mixed standards samples, the 15-ADON-genotype F. graminearum sample and the 3-ADON-genotype F. graminearum 
sample. Chromatogram profile of the ADON as seen with the F5 method (on the right) showing a clear separation 
of the two isomers in the mixed standards sample and showing the corresponding peak the 3ADON in the 3-ADON-
genotype F. graminearum sample. 

The mixed reference standard was also used to study the differences and the specificities between the 

HPLC methods. The two RP-HPLC methods were well suited for separation of the thrichthecenes and 

zearalenone (figure 4.5). The HILICmethod did not separate the reference compounds. Instead, they all co-

eluted at the same retention time. 
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When using an untargeted LC-HRMS approach, one obtains a very high number of potential metabolic 

features (i.e. individual chromatographic peaks) that are impossible to process manually. As mentioned in 

section 3.5, MZmime was used to extract and to filter all the potential metabolic features. This is explained in 

section 3.5.2. The obtained datasets were normalized to correct for observed instrumental drift by log-

transferring it. The RP(C18)-HPLC-HRMS dataset was subject of a harsh instrumental drift, which was 

impossible to reduce reasonably. The argumentation can be found in the next section. 

4.3 STATISTICAL PROCESSING AND SELECTION OF POTENTAL COMPOUNDS 

 As described in section 3.6, the data sets were visualised and analysed by unsupervised principal 

component analysis (PCA) and supervised orthogonal partial least square projections – discriminant analysis 

(OPLS-DA). These techniques offer dimension reduction and reveal associations and variations between 

data.42,57 In this section, the data sets from HILIC-HRMS and RP(F5)-HPLC-HRMS were analysed. The RP(C18)-

HPLC-HRMS was corrected for the harsh instrumental drift by dividing each peak area with the mean of all the 

peak areas of its corresponding sample and ionisation mode. After that, the data set was log-transformed. 

However, even after the correction, the RP(C18)-HPLC-HRMS dataset didn’t give any useful results so it was 

excluded from further data analysis. 

 The first step was to generate score scatter plots of the pareto-scaled variables using PCA in order to 

visualise the total variation of the datasets (figure 4.7 and figure 4.8). With each data set, two score plots were 

generated. One including co-culture samples, all the pure culture samples and QC samples; and one with only 

the co-culture samples and pure F. langsethiae samples. 

For both the HILIC-HRMS and the RP(F5)-HPLC-HRMS data sets it was possible to see a clear clustering 

of the different groups of samples (figure 4.7 and figure 4.8). The score scatter plots on the left showed in both 

data sets a clustering of the QC samples meaning that the results are reproducible and that the observed 

variation can be considered as true. Even a very clear separation between the 15-O-acetyl-DON genotype and 

the 3-O-acetyl-DON genotype F. graminearum was visible, especially in the RP(F5)-HPLC-HRMS PCA score 

scatter plot (figure 4.8). Regarding the pareto scaled PCA score scatter plots only including the co-culture 

samples and pure F. langsethiae samples, a very clear separation with little overlap was observed. (figure 4.7 

and figure 4.8). The results showed a good variation of the different sample types, therefore the data sets are 

useable to determine what the cause is of this variation. 
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Figure 4.7: Score scatter plot from unsupervised PCA for the normalized, pareto-scaled data set from HILIC-HRMS. 
Colours represent: blue, co-cultures; red, pure F. langsethiae cultures; green, QC samples; yellow, pure F. 
graminearum cultures. On the left, the maximum variation between all the groups; on the right, the maximum 
variation between co-cultures and pure F. langsethiae cultures. 

	
Figure 4.8: Score scatter plot from unsupervisedPCA for the normalized, pareto-scaled data set from RP (F5)-HPLC-
HRMS. Colours represent: blue, co-cultures; red, pure F. langsethiae cultures; green, QC samples; yellow, pure F. 
graminearum cultures. On the left, the maximum variation between all the groups; on the right, the maximum 
variation between co-cultures and pure F. langsethiae cultures. 

 OPLS-DA was used for the selection of possible compounds that contributed to the observed 

separation between the data set from the pure F. langsethiae cultures vs. the F. langsethiae/graminearum co-

cultures. As described in 3.6.2, pareto scaling was also used for scaling of the data for OPLS-DA. The QC samples 

and the F. graminearum samples were excluded from the OPLS-DA. This type of multivariate data analysis has 

the intention to obtain information about the variance and covariance between the groups. Since the QC 

samples are an average of the co-cultures and the F. graminearum samples are not the main subject, they 

cannot contribute to this.42 

The OPLS-DA score scatter plots were generated for both the HILIC-HRMS and RP(F5)-HPLC-HRMS, and 

are shown in figure 4.9. These plots are based on the summarization of observations,42 in the same way as PCA 

score scatter plots work. When looking at the plots of both methods, one can see a very clear separation of the 

two groups. One can asses the R2 (model fit) and Q2 (predictive power) to tell if these are strong models and if 

they can reveal potential differences between the detected peak areas. However, one could expect such a good 
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separation because one of the two data sets was from two different species of fungi with largely different 

metabolite patterns whereas the other group consisted of data from only one fungal species. Thus, a 

difference in detected peak areas is in this case very likely. In order to select upregulated metabolites in the 

inhibition zone of the F. langsethiae/graminearum co-culture one needs to set up certain selection criteria. 

	
Figure 4.9: Score scatter plot from supervised, pareto-scaled OPLS-DA of the observations from HILIC-HRMS (on the 
left) and RP(F5)-HPLC-HRMS (on the right). Colours represent: blue, co-cultures; red, pure F. langsethiae cultures. 

 In order to make a selection of potential compounds, the S-plots of the HILIC-HRMS and RP(F5)-HPLC-

HRMS OPLS-DA models were plotted and studied (figure 4.10). An S-plots is a loading plot visualizing and 

scoring the variables (i.e. fungal compounds extracted from the agar) according to their significance for the 

model. The potential compounds were selected on the base of their location on the S-plot. 

	
Figure 4.10: S-plot of supervised, pareto scaled OPLS-DA of HILIC-HRMS (on the left) and RP(F5)-HPLC-HRMS (on 
the right) samples. The red coloured loadings correspond to potential metabolites contributing to the observed 
discrimination between pure F. langsethiae and F. langsethiae/graminearum co-cultures. 

 This type of loadings plot combines the modelled covariance (p[1]-axis) and the modelled correlation 

(p(corr)[1]-axis). Possible compounds contributing to the variance of the two groups are located at the bottom 

left or upper right corner of the plot (figure 4.10). Cut-offs were used to make a selection, everything below  

-0.05 and above 0.05 on the x-axis (p[1]-axis) and below -0.5 and above 0.5 on the y-axis (p(corr)[1]-axis). In 

addition to the S-plots, the Variable Importance Plots (VIP) were generated. These plots are a scoring feature 
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of the SIMCA software that allows verifying the selection of potential compounds from the S-plot. If the VIP 

score of a certain variable (in this case a peak area) is high, it means that it has a larger impact on the 

discrimination of the data sets. For selection of potentially upregulated metabolites, features with a VIP score 

larger than 3 were selected. The VIP plot is a coefficient plot that summarizes the relationship between the X 

and Y variables.42, 59 The plots can be found in the addendum. (Figure 7.3 and 7.4) 

 The selected features from the supervised OPLS-DA of the RP(F5)-HPLC-HRMS and HILIC-HRMS data 

sets can be found in tables 4.3 and 4.4, respectively. As mentioned earlier, one works with two different types 

of fungi with each their own metabolomics features. Thus, clearly there will be a difference between the two 

groups regarding those metabolomics features. To exclude these, extra selection criteria were established. 

Thus, a “good” upregulated metabolite would not be present in the solvent blank, in the agar blank or in the F. 

graminearum samples. Another important exclusion criterion was a relative standard deviation (RSD) of a 

“good” metabolic feature in the QC below 30% (in order to exclude features with poor repeatability). The 

change in the peak areas of a certain compound between the co-cultures and the pure cultures was calculated 

by calculating the ratio of the two. This can give a general view of how much the compound is up- (>1) or 

downregulated (<1) in the co-cultures than in its pure cultivation. Only upregulation was a feature that was of 

primary interest. Thus, upregulation (ratio >1) was considered a criterion that a target compound had to meet. 

After this selection, the compounds which met all criteria were marked and tested for statistical significance 

using a two tailed T-test in Excel, where the statistical significance level was set to P < 0.05 (table 4.5). A 

remarkable observation was that the compound with ID P3680 in the HILIC-HRMS data set had a peak area 

ratio (co-cultures/pure culture) of more than 80, meaning that its peak area was in average 80 times larger in 

the co-cultures relative to the pure F. langsethiae cultures. (Table 4.4) 

Table 4.3: Selection of “good” metabolic features from the RP(F5)-HPLC-HRMS data set 

ID m/z RT in SB in AB 
in Fusarium graminearum 
samples 

%RSD 
of QC 

Ratio 
cc/pcb VIP 

P1120 463.1745 8.91 No No Yes 4.86 9.89 3.90 
P960 463.1745 9.78 No No Yes 7.78 9.22 3.88 

P843a 322.1277 12.52 No No Yes, but  approx. 1/XX lower and thus 
believed to be due to carry-over 4.66 9.48 3.84 

N354 294.0840 9.77 Yes Yes Yes 10.56 7.61 3.58 
N478 294.0840 8.91 Yes Yes Yes 10.45 7.13 3.55 
P387 250.0929 8.93 Yes Yes Yes 4.09 6.95 3.50 
P218 250.0929 9.79 Yes Yes Yes 8.98 6.70 3.50 
P236 498.2687 25.78 No Yes No 3.88 0.31 <3 
N337 287.2224 23.09 Yes Yes Yes 6.07 5.97 <3 
a Compound that meets all criteria 
b Ratio of the peak areas in the co-culture relative to the peak areas in the pure F. langsethiae cultures 
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Table 4.4: Selection of “good” metabolic features from the HILIC-HRMS data set 

ID m/z RT in SB  in AB in Fusarium graminearum samples %RSD QC Ratio cc/pcb VIP 

P3680a 660.3320 6.05 No Yes (carry over, <0.1%) Yes, but  approx. 1/XX lower and thus believed to be due to carry-over 8.17 82.10 4.23 

N102 487.1310 16.59 No yes Yes 6.07 0.02 3.72 

P4973 779.5411 4.11 No No Yes, high amount, part of F. graminearum 3.62 5.91 3.64 

N1558 659.3554 4.36 No No Yes, high amount, part of F. graminearum 13.51 1.13 3.50 

P4696 506.2967 7.75 No yes  Yes 20.77 0.03 3.43 

P2468 630.5088 3.87 No No Yes, high amount, part of F. graminearum 6.54 1.91 3.28 

P1762 778.5369 4.12 No No Yes, high amount, part of F. graminearum 5.83 5.38 3.27 

P2085a 294.0580 18.96 No No Not in samples n° 13, very low in n° 12 (carry over) 5.78 11.28 3.26 

N1341 248.0786 7.83 No No Yes, high amount, part of F. graminearum 7.39 4.17 3.17 

P4524 647.3738 4.41 yes yes Yes, high amount, part of F. graminearum 8.78 1.91 3.17 

P2629 461.1806 7.86 No No Yes, high amount, part of F. graminearum 3.85 4.33 3.16 

N613 280.1403 12.30 No yes Yes, high amount, part of F. graminearum 3.98 7.08 3.15 

N412 116.0421 5.41 yes yes Yes 10.00 0.02 3.11 

P3083a 259.0211 18.96 No No Not in samples n° 13, very low in n° 12 (carry over) 5.36 10.92 3.10 

P2258 659.1116 8.91 No yes  Not in samples n° 13, very high in n° 12 9.44 0.11 3.09 

N482 130.0578 4.84 yes yes Yes 10.02 0.07 3.08 

P1794 253.1058 8.51 yes yes Yes, high amount, part of F. graminearum 4.37 2.67 3.07 

N527a 275.0176 18.96 No No Yes, but low (carry over) 4.76 11.07 3.06 

P2967 299.1000 12.69 no yes 
 

44.34 
 

3.02 

P2963 494.2137 12.70 no yes 
 

34.06 
 

3.02 

P3000 210.0734 6.32 no yes  Not in samples n° 12, present in n° 13 3.56 0.13 3.02 

P5013 789.6173 4.13 no no Yes, high amount, part of F. graminearum 10.55 11.86 3.02 

P2122 251.0902 7.87 no no Yes, high amount, part of F. graminearum 4.17 3.72 3.02 

P1944a 277.0316 18.96 No No Not in samples n° 13, very low in n° 12 (carry over) 4.56 9.99 3.01 
a Compounds that meet all criteria 
b Ratio of the peak areas in the co-culture relative to the peak areas in the pure F. langsethiae cultures 
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Table 4.5: Summarisation of the selected compounds including P-value from two-tailed t-test 

ID m/z RT Method P-value Ratio cc/pc 
P843 (F5) 322.1277 12.52 F5 2.43E-11 9.48 
P3680 (HILIC) 660.3320 6.05 HILIC 4.69E-08 82.10 
P2085 (HILIC) 294.0580 18.96 HILIC 6.64E-06 11.28 
P3083 (HILIC) 259.0211 18.96 HILIC 5.57E-06 10.92 
N527 (HILIC) 275.0176 18.96 HILIC 3,85E-06 11.07 
P1944 (HILIC) 277.0316 18.96 HILIC 5.31E-06 9.99 
 

4.4 TENTATIVE IDENTIFICATION OF METABOLITES 

 The selection criteria gave 6 metabolic features that appeared to be upregulated F. langsethiae 

metabolites in the co-cultures, and that might be linked to the observed inhibition effect (table 4.5). When 

looking at table 4.5, it is obvious that 4 features (P2085, P3083, N527 and P1944) have identical retention 

time, almost the same co-culture/pure culture ratio and are in a close range for their m/z. This suggested that 

these features were different ions of the same compound, but were not identified as such by the MZmine 

procedure (3.5.2.6). Giving the metabolic feaures N527 and P1944 a closer look, it was noticeable that the m/z 

of N527 (275.0176) could be the [M-H]− ion observed in negative ionisation mode (N) and P1944 (m/z 277.0316) 

the [M+H]+ ion observed in positive ionisation mode (P) of the same compound. The mass difference between 

the two ions corresponded to the mass of 2 protons (2.015650 Da, calculated mass difference: 2.0139 Da), and 

considering the fact that both ions were from a compound with the same retention time makes this 

assumption plausible. The mass difference in the m/z of feature P3083 and P1944 corresponded to the exact 

mass of H20 (18.0106 Da, calculated mass difference: 18.0105 Da). Subtracting the m/z of P1944 from the m/z of 

P2085 (294.0580) gives 17.0264 Da, which corresponds to the exact mass of NH3 (17.0266 Da). Thus, it could be 

concluded that P2085 and P3083 were an ammonium adduct and a dehydrated ion of P1944. This was also 

further verified by generating the individual elemental formulae. The number of potential upregulated 

metabolites in the F. langsethiae/graminearum co-cultures could thus be reduced to three. 

4.4.1 Generating potential elemental formulae 

 The elemental composition of the three target metabolites was determined by using the Xcalibur 

software (table 4.5). The m/z 322.1277 metabolite (P843, F5) was the only feature which was detected with the 

RP(F5)-HPLC-HRMS method. When extracting the corresponding ion from the HILIC-HRMS chromatograms gave 

acceptable extracted ion chromatograms. Therefore, all the following steps of this study were performed using 

the HILIC-HRMS chromatograms and spectra. Mass spectra of the compounds were extracted from a QC sample 

in order to determine the elemental composition, because QC samples are a good representative of all the 

features. These mass spectra and chromatograms can be found in the appendix. (Figure 7.5 and 7.6) 



 
 

 46 

 After the extraction of the mass spectra, Xcalibur was used to generate possible elemental formulae 

for the given m/z value. When looking at the mass spectra and the related isotope patterns, none of the 

selected compounds showed a pattern that suggested the presence of chlorine and/or sulphur. For verification 

of the elemental formulae obtained from the base peak the 13C isotope peaks were included when possible 

(Figure 7.6). Thus, only the elements C, H, O and N were used to calculate the formulae with a minimum and 

maximum number of elements according to the molecular mass of each m/z. 

 The mass tolerance was set to 5 ppm and the nitrogen rule was taken into account. This rule states 

that molecules with even molecular mass must have zero or an even number of nitrogen atoms in their 

formula and molecules with an odd molecular mass an odd number of nitrogen. The 13C isotope peaks were 

used to extract a second formulae including one 13C in the formula, in order to verify the first generated 

formula. The results are listed in table 4.6. 

Table 4.6: Possible elemental formulae for the selected compounds calculated in Xcalibur  

Mass M-H M+H M-OH (+) M+NH4 Formula M RDB 

275.0177 C9H3N6O5  
  

C9H4N6O5 
 277.0315   C9H5N6O5 

    259.0211   
 

C9H3N6O4  
  294.0563       C9H8N7O5 
  322.1279   C16H20NO6     C16H19NO6 

 660.3320   C26H46N9O11  
 

C26H45N9O11 
 

 
  C25H50N5O15  

 
C25H49N5O15 

     C30H50N3O13    C30H49N3O13 
  

 The assumption that was made in section 4.4 regarding that 4 detected features could be from the 

same compound was verified from the calculations of elemental formulae (table 4.6). Regarding the results 

for m/z 660.3320, a concrete formula could not be made due to the high mass, which leaves multiple options 

for possible elemental formulae. More investigation should be made in order to conclude the exact elemental 

formulae of these compounds. Based on the m/z values of the base peak and the calculated elemental 

formulae, the databases PubChem, Chemspider and Wiley AntiBase were searched in order to get fungal 

metabolites that would comply with these data. No known fungal metabolites were found. From now on, 

references will be made to m/z 277.0315 as compound 1, m/z 322.1279 as compound 2 and m/z 660.3320 as 

compound 3. 
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4.4.2  Mass spectrometric fragmentation of target metabolites 

 The HRMS/MS and MS2 and MS3 product ion spectra of the three compounds were generated using the 

Q-Exactive and ITMS, respectively. This could give a better insight of the composition of the compounds and 

could also aid in the investigation for the correct elemental formulae. The HRMS/MS spectra were used to infer 

the elemental compositions of major product ions. All product ion spectra can be found in the appendix (figure 

7.7) 

4.4.2.1 Compound 1 

 The generated HRMS/MS product ion spectrum from fragmentation of its putative m/z 277.0315 ion 

gave two major product ions. One of the ions was connected to a fragment from water loss, which already was 

observed in the full-scan spectrum and thus proved that the observed m/z 277.0315 and 259.0211 ions indeed 

belonged to the same compound (section 4.4). The second product ion was due to loss of water and formic 

acid, and was also the most abundant ion in the HRMS/MS spectrum (figure 4.11). 

 

Figure 4.11: Schematic overview of the detected m/z (compound 1 in this case) and its fragmentation after MS/MS 
analysis and MS2/MS3 fragmentation. 

 The fragment with m/z 259.0197 was selected to generate the MS3 spectrum using the linear ion trap 

mass spectrometer. The principal product ion in the MS3 spectrum was again from loss of formic acid (46 Da). 

This fragment was the same fragment as the most abundant ion after MS/MS, showing again that the selected 

ions originated from the same molecule. Thus, the limited data from MS fragmentation of compound 1 

suggested that the molecule contained (at least) one hydroxyl group and a carboxylic acid moiety. (Figure 4.11). 
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4.4.2.2 Compound 2 

 The generated HRMS/MS product ion spectrum from fragmentation of its putative m/z 322.1293 ion 

gave one major product ion. The detected product ion had an m/z 160.0757 meaning that it had a loss of 

around 162 Da. This loss suggests that the compound may have lost a sugar, such as glucose or fructose. When 

generating a possible formula for the detected fragment using Xcalibur, this suggestion was confirmed. (Figure 

4.12) 

 The fragment with m/z 160.0757 was selected to generate the MS3 spectrum using the linear ion trap 

mass spectrometer. Again, there was only one principal product ion in the MS3 spectrum. The product ion with 

m/z 132.13 showed a loss of around 28 Da. After generating a potential formula for the fragment, a loss of 

carbon monoxide was suggested. However, the latter fragment was rather a small peak, so conclusions about 

this loss cannot be made with certainty. What can be said with certainty is that compound 2 either contains a 

glucose or fructose that it loses after MS/MS fragmentation. (Figure 4.12) 

 

Figure 4.12: Schematic overview of the detected m/z (compound 2 in this case) and its fragmentation after MS/MS 
analysis and MS3 fragmentation. 

4.4.2.3 Compound 3 

 This compound has a large m/z (660,3320), meaning that the molecule probably contains a lot of 

different chemical groups or could even be a small protein. When generating the mass spectra after HRMS/MS 

fragmentation, a lot of detected ions were shown. However, these ions didn’t show a pattern that would 

suggest that this compound could be a protein. When fragmenting a protein, the obtained spectra shows ions 

with m/z that can be connected to amino acids, which was not the case. 

 Because Xcalibur did not give one single potential elemental formulae, but three, it was difficult to 

link the detected ions with certain molecular losses. Only the given m/z of the detected ions can suggest some 

information. When generating potential elemental formulae for the detected ions, again multiple formulae 

were given making it hard to analyse. Table 7.4 was made with all the detected losses and elemental formulae 

linked to the m/z and suggestions were made about potential losses. For example, the difference between 

fragment with m/z 517.2750 and fragment with m/z 404.1904, a loss of N-Me-valine could be possible. When 

generating the potential elemental formulae of those two ions and calculating the potential elemental 
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formulae of the loss, the elemental formula of N-Me-valine was given which gave strength to the assumption 

(table 7.4, marked in blue). However, this could also be something else with the same elemental formula.  

A second thing that could be accomplished by generating the table was excluding the calculated 

elemental formulae of losses that didn’t make any sense. That way, one of the three suggested formulae of 

compound 3 could be excluded (C25H50N5O15). Calculating the elemental formulae of the losses when starting 

with this elemental formula did not give correct information (table 7.4). Also, the calculated losses that made 

sense when starting from C26H46N9O11 and C30H50N3O13 were the same, suggesting that these could be the wright 

elemental formulae for the losses. (Table 7.4) 

The most intense ion was used to generate an MS3 spectrum with the linear ion trap mass 

spectrometer. This spectrum showed the same fragments as the MS/MS spectrum and additional fragments. 

However, the obtained information was a lot to process and analyse so due to lack of time this was skipped. 

One could use this information to obtain more insight of this molecule. 

4.5 TRIALS FOR DESIGNING PURIFICATION STRATEGIES 

 This aim of this part of the study was to learn how different solvents could extract the three target 

metabolites from the fungal cultures and if they could be separated and concentrated on two different solid-

phase sorbents. These initial data could be used in the future for designing purification methods in order to 

isolate small amounts of the metabolites for unequivocal structure elucidation (for example using NMR 

spectroscopy). Another possibility would be to test (semi-)purified metabolites as additives in agar media and 

observe the growth of F. graminearum. 

 First, new extractions were made from three randomly picked frozen co-cultures from the second 

inoculations. Three replicates of each co-culture were sampled, one replicate was treated with water, the 

second replicate with 80% acetonitrile in water (v/v) and the third with chloroform, as described in section 

3.8.1. The samples were analysed using the HILIC-HRMS method. This test was set up to see which extraction 

method could extract the highest relative concentration of the compounds, so the efficiency for further 

extraction methods could be optimal. The trial also gave some insight into the solubility of the molecules that 

could help with other set-ups or experiments to get a better understanding of the molecule. 

 Figure 4.13 shows a bar chart that represents the detected peak areas using the HILIC method of the 

compounds connected to their extraction solvent. Since there were three replicates of each, the mean of the 

peak areas within each solvent was used to plot this chart. None of the compounds were detected in 
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chloroform, which suggests that the molecules prefer rather polar solvents. In the water extracts, a 

reproducible amount of compound 1 and compound 2 could be found in the three replicates, which was not the 

case for the third compound. The third compound was only detected in one sample in a very low amount. When 

looking at the results of the 80% acetonitrile in water (v/v) extraction, one can see that this is the best way to 

extract 1. For compound 2, a slight improvement could be noticed when extracting with 80 % acetonitrile in 

water (v/v). Compound 3 had rather small peak areas in comparison with those seen in the chromatograms of 

extracts from the first inoculations. This indicates that less of this compound was produced by the F. 

langsethiae in the second inoculation trial. 

 When going through the chromatograms of the first compound, it was noticeable that in all the 

acetonitrile extractions an extra peak with the same m/z as the first compound was visible around 14 min 

(figure 7.8, appendix). The peak of the “real” compound is around 19 min. These little peaks were not visible in 

the water extract. When going through chromatograms of the general HILIC dataset, a lot of the 

chromatograms of compound 1 showed these little peaks. This may suggest that under certain circumstances 

an isomer of the first compound with a different retention time on the HILIC column is formed. This will be 

discussed in a further paragraph. 

 

Figure 4.13: A bar chart showing the detected peak areas of the molecules in comparison with the used extraction 
solvents 

 The second step of the tentative purification was SPE. This experiment could give insight which kind of 

methanol concentration is preferable for the elution of each compound and can be the start of a separation 

method of the compounds. Two different type of columns were used (3.8.2), an Oasis HLB cartridge (60 mg; 

Waters Corporation, Milford, MA, USA), and a Bond-Elute C18 SPE cartridge (60 mg; Varian, Agilent Technologies, 

Wilmington, DE, USA). Two water extracts from the previous experiments were used to perform the SPE, one for 
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each method. Since two of the three water samples did not contain compound 3 (as described above), one 

method will not be able to give any information about compound 3.  

 Figure 4.14 shows the two bar charts where the detected peak areas are connected with the used 

eluents concentration. The first plot shows the HLB-SPE method where the sample without compound 3 was 

added. Compound 1 did not show any retention time at all and eluted with the pure water eluent. When looking 

at the chromatogram of this compound, the possible isomer that elutes around 14 minutes has enormously 

increased and exceeded the peak area of the regular compound one peak at 19 minutes. This may suggest that 

compound one prefers the other isomeric condition when in touch with the HLB column and elutes as such 

(figure 7.8). In order to be sure that the compound eluting around 14 minutes is a possible isomer of compound 

one, one could analyse the mass spectrum of this compound, generate potential formulae to compare with the 

other generated elemental formula of compound 1, perform MS/MS or MS3 on this sample to compare the 

obtained mass spectra and look for this compound in the RP(F5)-HPLC chromatograms. This was not executed 

due to limited time. The second compound showed a good retention time with a rather broad elution, one 

could find compound two in the 25 % and the 30 % methanol elute. A more specific graduation around this area 

should be made to find the optimum of the elution of compound two. 

The second plot of figure 4.14 shows the detected peak areas that are connected with the used eluents 

concentration by applying the C18-SPE method. In this stage of the study, one focused more on the second 

compound and due to limited time only until the 10 % methanol elute was taken from the SPE column and then 

the experiment ended with the pure methanol wash. With the knowledge that compound two is a kind of 

glycoside (section 4.4.2.2), one could predict that compound two would elute early on a C18 column due to the 

polarity of said sugar group. The second compound could be found in the 10 % methanol elute, thus not as 

hydrophilic as one could expect of a glycoside. The third compound was detected in the 7 % methanol elute. 

Compound  1 was not detected in this range of elutes. Thus, using this kind of column, compound 1 would 

probably be found in elutes containing a higher concentration than 10 % methanol. 
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Figure 4.14: Two bar charts showing the detected peak areas of the molecules in the elutes of the two different 
SPE colomns. HLB-SPE on the left and C18-SPE on the right. 

 Knowing that compound 2 contains some kind of sugar (section 4.4.2.2), a new tentative purification 

method was set up. The idea was that one could use boric acid gel (BAG) to separate the second compound. 

BAG is a cross-linked copolymer of dihydroxyborylanilino-substituted methacrylic acid with 1,4-butanediol 

dimethacrylate. It is insoluble in water which makes it a particle tool to use in purification. BAG serves as a 

useful material in the separation of mixtures containing sugars, which bind to the material. It is often used in 

the separation of mono- and oligosaccharides.60 

 An amount of BAG was weighed (18.8 mg) and transferred to a chromatography vial. Extract of the 1A 

co-culture sample was first analysed again using the HILIC method to determine the peak area of compound 

two and was then added to the chromatography vial containing the BAG. The vial was vortexed briefly and then 

put on a rotator for 2 h in order to establish a constant contact between the sample and the insoluble BAG 

particles. Aliquots (50 µL) were taken at 30, 60 and 120 minutes. Figure 4.15 gives an overview of the detected 

peak areas in the original sample and the aliquots. One can easily see that the peak areas detected in the 

aliquots dropped significantly. In the first aliquot, the peak area dropped to 17.43 % of the original peak. The 

following aliquots show similar peak areas suggesting a saturation of BAG. 

 The rest of the sample was taken out of the vial and now only contained the BAG. The particles were 

washed two times with pure water. The second wash was analysed to be sure that no remnants of the sample 

or compound two were in the vial. The BAG now contains more than 80 % of compound two from the original 

sample. In order to “free” the second compound of the BAG, 1 % acetic acid was added to the chromatography 

vial. When lowering the pH, BAG should be able to let go its bounded compounds. An aliquot (50 µL) of this 

sample was analysed. However, no peak of compound two could be detected meaning that the compound is 
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still bounded to the BAG. Due to limited time of the study, no further actions were taken to unbound the 

second compound. One could add a stronger acid, like formic acid, or use acidic methanol in order to elute the 

compound. By adding a diol, such as glycerol or just sugar that has two pairs of boric-acid-binding diols, might 

compete with compound two on the BAG which can result in an elution. Non-specific binding to the polymer 

might also occur if the compound is lipophilic. Whereas compound two appears not to be especially lipophilic 

since it holds a sugar, but at the same time not as hydrophilic as you could expect of a glycoside as seen on the 

SPE. 

 

Figure 4.15: Bar chart showing the detected peak areas of compound two in the original co-culture sample (1A) and 
the aliquots which were in contact with BAG for 30, 60 and 120 minutes. 

4.6 DNA ANALYSIS 

 After extraction, DNA from each strain was submitted to PCR amplification using the specific primers 

CNL12/PulvIGSr targeting a region in the IGS region.55, 61 Description of the used method can be found in 3.9.2. 

Figure 4.16 shows the UV visualisation of the PCR amplification products separated on a 1 % agarose gel. When 

an electronic field is generated over the gel, PCR products migrate toward the positive pole due to the 

negatively charged DNA molecules. Small DNA fragments migrate faster than bigger fragments, thus causing a 

separation in the gel correlated to molecular mass. Expected size of the PCR product from F. langsethiae 

subgroup 1 was 750 base pairs, and for subgroup 2 610 base pairs. From the gel image, the two subgroups can 

clearly be distinguished (Figure 4.16). Ten F. langsethiae strains were designated to subgroup 1 and 9 strains 

were designated to subgroup 2 (table 4.7). As negative controls lane 20 and lane 22 show PCR products from 

the two F. graminearum strains. Since the primers are specific for F. langsethiae it is expected that these 

products will be unspecific and different from those of F. langsethiae. Lanes 8, 16 and 24 are contamination 

controls and show no contamination in the PCR reaction. 
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Figure 4.16: PCR amplification products using primers CNL12/PulvIGSr. Lane 8, 16 and 24 are contamination 
controls, lane 20 and 22 are PCR products from F. graminearum DNA. Other lanes are PCR products from F. 
langsethiae (see overview in table 4.7) Lanes marked with M contain molecular markers (GeneRuler 50bp DNA 
ladder). In the ladder band number 8 is 600 base pairs and band number 10 is 800 base pairs. 

Table 4.7 shows an overview of all F. langsethiae strains and their designated subgroup. Some of the 

strains were characterised previously (Konstantinova and Yli-Mattila, 2004)55, and our results are in agreement 

with this study. Strains that were already tested are marked with an asterisk in table 4.7. 

From our culturing results it was clear that not all the F. langsethiae strains showed an inhibition 

towards F. graminearum during incubation. In an attempt to find a possible biological explanation for this 

phenotypic difference we correlated the strains forming inhibition zones with their characterization to either 

subgroup. Indeed, as shown in table 4.7, a possible link between inhibition and genetic alleles of the IGS region 

could be made. Only strains that belong to subgroup 2 formed an inhibition zone around their colonies. Only 

one strain (VI O1270) that belonged to subgroup 2 failed to be selected. Furthermore, only 4 out of the 9 

selected subgroup 2 strains formed inhibition zones with both F. graminearum strain, whereas the other 4 

strains only formed inhibition zone towards the 15-ADON F. graminearum strain. In order to proclaim the link 

between phenotypic effect and subgroup two, one should expect that all co-incubations with subgroup 2 

should have been selected. One reason for this discrepancy may be that the 3-ADON F. graminearum strain 

forms more “fuzzy” colonies with large amounts of aerial hyphae. It was noted in some cases that these aerial 

hyphae grew over the F. langsethiae colony, thereby making it hard to distinguish whether an inhibition zone 

actually was present or not. More repetitions and careful inspection of the co-inoculated plates would help to 

solve this question. 

The possible link between inhibition zone formation and genetic subgroup 2 is unexpected and 

interesting. Only one other biological trait has been linked to the differentiation of subgroup 1 and 2. In a 

recent study Gavrilova et al. showed that F. langsethiae subgroup 2 is unable to grow at 30ºC, and that this 

coincides with subgroup 2 strains originating mainly from Northern territories.62 In our experiments the 

incubation temperatures were chosen according to experience with F. langsethiae thriving at lower 
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temperatures. It is unlikely that co-incubation at 30	ºC would yield any inhibition zone at all as the cultures 

would be expected to grow poorly.  Further studies of the two subgroups would be interesting and needed in 

order to clarify the difference at the biochemical level. 

Table 4.7: Overview of the F. langsethiae strains and their designated subgroup 

Lane Strain ID 
Subgroup 1  
(750 bp) 

Subgroup 2  
(610 bp) 

Selected cultures 

1 VI O3271  X x 
2 VI O1268*  X X 
3 VI O1409 X   
4 VI 06118  X X 
5 VI O6056* X   
6 VI O6359 X   
7 VI O6057* X   
9 VI O3278  X X 
10 VI O6353 X   
11 VI O1276* X   
12 VI O3279  X X 
13 VI O6366  X X 
14 VI O1271* X   
15 VI O6109 X   
17 VI O1283  X X 
18 VI O1285* X   
19 VI O1270*  X  
21 VI O 3267 X   
23 VI O3268  X X 
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5 CONCLUSIONS 

In this study, 3 different compounds have been revealed as potential metabolites by comparing co-

culture samples of F. langsethiae and F. graminearum with samples of pure cultures of F. langsethiae based on 

an untargeted HPLC-HRMS metabolomics approach, which could be linked to the observed inhibition. 

The tentative identification and the trials for designing purification strategies of the 3 compounds 

suggested that compound 2 contains a sugar, which can be used to purify it with boric acid gel. It also 

suggested that 80 % acetonitrile in water (v/v) is the best extraction solvent in comparison with water and 

chloroform. When using a HLB-SPE column, compound 1 elutes in pure water and it could be that it prefers an 

isomeric form when using this column. Compound 2 elutes when applying 25 % methanol and 30 % methanol. 

Whereas using an C18-SPE column, compound 2 elutes in 10 % methanol and compound 3 in 7 % methanol. 

However, more investigation should be established to fully understand and characterise the compounds 

revealed in this study. 

DNA analysis showed that the used Fusraium langsethiae strains in this study could be sorted into 

their corresponding subclass by using PCR amplification and agarose gel electrophoresis. By doing this, one 

was able to see that there is a possible link between the inhibition of Fusarium langsethiae towards Fusarium 

graminearum and subgroup 2 of the Fusarium langsethiae. Strains that belonged to subgroup 1 did not have 

the inhibition zone and were not selected for the further untargeted HPLC-HRMS metabolomics analysis.  
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7 APPENDIX 

 

Figure 7.1: Chemical structure of type A trichothecenes 

Table 7.1: Overview of type A trichotecenes with their modification on the general molecular structure 
(figure 7.1). 

Type A Trichothecene R1 R2 R3 R4 R5 

Neosolaniol OH OAca OAca H OH 
Butyryl-neosolaniol OButb OAca OAca H OH 
Hexanoyl-neosolaniol OHexc OAca OAca H OH 
Neosolaniol-monoacetate OH OH OAca H OH 
NT-1 toxin OH OAca OH H OAca 
NT-2 toxin OH OAca OH H OH 
HT-2 toxin OH OH OAca H OIsovald 
HT-2 3-glucoside OGlue OH OAca H OIsovald 
HT-2 4-glucoside OH OGlue OAca H OIsovald 
T-2 toxin OH OAca OAca H OIsovald 

T-2 glucoside OGlue OAca OAca H OIsovald 
T-2 tetraol OH OH OH H OH 
T-2 triol OH OH OH H OIsovald 
Acetyl-T-2 toxin OAca OAca OAca H OIsovald 

Butyryl-T-2 toxin OButb OAca OAca H OIsovald 
Hydroxy-HT-2 toxin OH OH OAca H OHMBf 

Hydroxy-T-2 toxin OH OAca OAca H OHMBf 

Diacetoxyscirpenol OH OAca OAca H H 
4-monoacetoxyscirpenol OH OAca OH H H 
15-monoacetoxyscirpenol OH OH OAca H H 
Scirpentriol OH OH OH H H 
a Acetyl 

b Butyryl 
c Hexanoyl 

d Isovaleric acid or 3-methylbutanoic acid 

e Glucoside 

f 3-hydroxy-3-methylbutanoic acid 
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Figure 7.2: Chemical structure of type B trichothecenes 

Table 7.2: Overview of type B trichotecenes with their modification on the general molecular structure 
(figure 7.2). 

Type B Trichothecene R1 R2 R3 R4 

Nivalenol OH OH OH OH 
Deoxynevalenol OH H OH OH 
3-acetyldeoxynivalenol OAca H OH OH 
15-acetyldeoxynivalenol OH H OAca OH 
Fusarenon X OH OAca OH OH 
a Acetyl 

 

 

Table 7.3: Overview of the masses of the added mixed standards together with the masses of their 
ionised for with the marked ions used for profiling the mixed standards chromatograms (figure 4.5) 

together with their retention time on the C18 chromatograms. 

 
Exact Mass (g/mol) [M+H]+ [M+NH4]+ [M+Na]+ [M-H]- [M+formate]- RT 

NIV 312,1209 313,1287 330,1552 335,1107 311,1131 357,1186 4,72 
DON 296,1260 297,1338 314,1603 319,1158 295,1182 341,1237 6,91 
FUS-X 354,1315 355,1393 372,1658 377,1213 353,1237 399,1292 9,34 
DAS 366,1679 367,1757 384,2022 389,1577 365,1601 411,1656 15,22 
HT-2 424,2097 425,2175 442,2440 447,1995 423,2019 469,2074 17,3 
T-2 466,2203 467,2281 484,2546 489,2101 465,2125 511,2180 18,89 
T-2 TRIO 382,1992 383,2070 400,2335 405,1890 381,1914 427,1969 15,46 
T-2 TETRA 298,1416 299,1494 316,1759 321,1314 297,1338 343,1393 4,78 
ZEA 318,1467 319,1545 336,1810 341,1365 317,1389 363,1444 20,05 
15ADON 338,1366 339,1444 356,1709 361,1264 337,1288 383,1343 11,49 
3ADON 338,1366 339,1444 356,1709 361,1264 337,1288 383,1343 11,48 
NEO 382,1628 383,1706 400,1971 405,1526 381,1550 427,1605 10,19 
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Figure 7.3: VIP plot of the RP(F5)-HPLC-HRMS dataset 

 

Figure 7.4: VIP plot of the HILIC-HRMS dataset 

 

Figure 7.5: Chromatograms when using the HILIC method showing the elution of compound 1 (above), compound 2 
(in the middle) and compound 3 (below) 
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Figure 7.6: Mass spectra of compound 1 (top left), compound 2 (top right) and compound 3 (below) 
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Figure 7.7: HRMS/MS spectrum of compound 1 (top left); HRMS/MS spectrum of compound 2 (top right) and MS3 

spectrum of the product ion of compound 2 (below left) and the HRMS/MS spectrum of compound 1 (below right) 
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Table 7.4: Summarisation of the fragmentation of compound 3 

Mass precursor Formula precursor ion Mass fragment Formula fragment Mass loss Formula loss 
660,3335 C26H46N9O11 (M+H) 563,2802 C21H39N8O10 97,0533 C5H7N1O1 

   
C25H43N2O12 

 
/ 

   
C20H43N4O14 

 
/ 

   
C26H39N6O8 

 
H7N3O3 

      
  

517,275 C24H41N2O10 143,0585 C2H4N7O1 

  
  C20H37N8O8   C6H9N1O3 

  
  C25H37N6O6   C1H9N3O5 

      
  

476,2489 C22H38NO10 184,0846 C4H8N8O1 

   
C18H34N7O8 

 
C8H12N2O3 

   
C23H34N5O6 

 
C3H12N4O5 

      
  

450,1957 C15H28N7O9 210,1378 C11H18N2O2 

  
  C19H32NO11 

 
C7H14N8 

  
  C14H32N3O13 

 
/ 

  
  

  
  

  
432,1858 C19H30NO10 228,1477 C7H16N8O1 

  
  C15H26N7O8   C11H20N2O3 

      
  

404,1904 C14H26N7O7 256,1431 C12H20N2O4 

  
  C18H30NO9   C8H16N8O2 

          86,0971 C5H12N 574,2364 C21H34N8O11 

 
C25H50N5O15 (M+H) 563,2802 C21H39N8O10 97,0533 / 

   
C25H43N2O12 

 
H7N3O3 

   
C20H43N4O14 

 
C5H7N1O1 

   
C26H39N6O8 

 
/ 

      
  

517,275 C24H41N2O10 143,0585 C1H9N3O5 

   
C20H37N8O8 

 
/ 

   
C25H37N6O6 

 
/ 

      
  

476,2489 C22H38NO10 184,0846 C3H12N4O5 

   
C18H34N7O8 

 
/ 

   
C23H34N5O6 

 
C2H16O9 

      
  

450,1957 C15H28N7O9 210,1378 / 

  
  C19H32NO11 

 
C6H18N4O4 

  
  C14H32N3O13 

 
C11H18N2O2 

  
  

  
  

  
432,1858 C19H30NO10 228,1477 C6H20N4O5 

  
  C15H26N7O8   / 

      
  

404,1904 C14H26N7O7 256,1431 / 

   
C18H30NO9 

 
C7H20N4O6 

          86,0971 C5H12N 574,2364 C20H38N4O15 
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C30H50N3O13 (M+H) 563,2802 C21H39N8O10 97,0533 / 

   
C25H43N2O12 

 
C5H7N1O1 

   
C20H43N4O14 

 
/ 

   
C26H39N6O8 

 
/ 

      

  
517,275 C24H41N2O10 143,0585 C6H9N1O3 

   
C20H37N8O8 

 
/ 

   
C25H37N6O6 

 
/ 

      
  

476,2489 C22H38NO10 184,0846 C8H12N2O3 

   
C18H34N7O8 

 
/ 

   
C23H34N5O6 

 
/ 

      
  

450,1957 C15H28N7O9 210,1378 / 

  
  C19H32NO11 

 
C11H18N2O2 

  
  C14H32N3O13 

 
C16H18O2 

  
  

  
  

  
432,1858 C19H30NO10 228,1477 C11H20N2O3 

  
  C15H26N7O8   / 

      
  

404,1904 C14H26N7O7 256,1431 / 

   
C18H30NO9 

 
C12H20N2O4 

          86,0971 C5H12N 574,2364 C25H38N2O13 
 

 

Figure 7.8: Chromatogram profiles of the first compound in different set-ups. The top chromatogram shows the 
detected peak in the water extract. The chromatogram in the middle shows a general HILIC chromatogram from 
compound one and his possible isomer eluting at 14.09 minutes. At the bottom, the chromatogram of the HLB-SPE 
pure water elute is given where one can see a large increase in the first peak and a decrease in the regular peak. 

 


