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ABSTRACT 

 

A comprehensive investigation of the secondary metabolites produced by Chaetomium 

globosum, Wallemia sebi, Penicillium corylophilum and four Trichoderma species obtained from 

Canadian buildings is presented. Atopic and non-atopic individuals occupying damp, moldy 

buildings are at increased risk of both allergic and non-allergic adverse health effects. There is 

now strong toxicological evidence showing that secondary metabolites, including mold specific 

glucan, present on spores and mycelial fragments are in part responsible for these effects. At the 

low doses that could be experienced by the human lung indoors, metabolites from fungi have 

been demonstrated to alter the expression of genes involved with asthma in vivo and in vitro. 

These genetic alterations are accompanied by histological disruptions and inflammatory 

responses.  

 

The primary focus of this study was to identify and isolate the dominant toxins produced by the 

mentioned fungi obtained from Canadian buildings. Isolates were grown in liquid culture and 

screened for metabolite production. Metabolites were purified by various chromatographic 

methods and their structures were unambiguously determined by mass spectrometry and detailed 

analysis of spectroscopic data.  

 

In this work, C. globosum primarily produced chaetoglobosin A, C and F, chaetomugilin D and 

chaetoviridin A. Other chaetoglobosins and azaphilones were produced in minor amounts 

including three new azaphilones. The meroterpenoids, andrastin A and citreohybridinol, 

koninginins A, E and G, the eremophilane sesquiterpene phomenone and seven new metabolites, 

four isochromans and three α-pyrones, were isolated from P. corylophilum. This was the first 
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report of meroterpenoids and α-pyrones from this species as well as koninginins from any genus 

outside of Trichoderma. The xerophile W. sebi produced walleminone, a new alkaloid, 

wallimidione, tryptophol and other amino acid derived compounds. T. citrinoviride produced 

many sorbicillin derived compounds including spirosorbicillinol A, B and C, trichotetronine, 

bisvertinol and a new metabolite, the (R)- stereoisomer of vertinolide. Koninginins and α-

pyrones were isolated from T. koningiopsis and T. atroviride, respectively.  

 

To determine the adverse health effects caused by fungi indoors, isolates obtained directly from 

built environments must be studied which was achieved here. Some of the dominant toxins 

isolated, chaetoglobosin A, chaetomugilin D, phomenone, andrastin A, walleminone, tryptophol, 

koninginin A and trichotetronine, are being utilized as analytical standards to continue 

toxicological experiments aimed at determining how fungal metabolites alter human lung 

biology. These secondary metabolites encompass each the genera investigated, have known 

bioactivities and exhibit the diversity of fungal natural products.  Information from these 

experiments will contribute to a more comprehensive understanding of the mechanism for non-

atopic asthma associated with exposure to mold and dampness indoors.  
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Fungi 

 

Fungi rank second only to insects in estimated species biodiversity. Conservative estimates 

indicate that there are likely more than 1.5 million fungal species where only a small percentage 

(~5%) has been described (Hawksworth 2001). This is more than five and fifty times the 

estimated number of plant and bacterial species respectively on the planet (Hawksworth 1991). 

However, using high throughput screening methods, a more recent estimate suggests up to 5.1 

million fungal species may exist (Blackwell 2011). Coming from one of the most successful 

eukaryotic lineages, fungi are capable of thriving in competitive environments. Fungi have been 

shown to inhabit almost all niches on Earth including soil, marine systems, in cold and salty 

environments and as endophytes. Some of these very adaptable organisms have the ability to 

slow their metabolism when conditions do not permit growth and may stay dormant until 

favorable conditions return (Watling 2003).   

 

From the time of Linnaeus, fungi have been categorized according to the nature of their 

reproduction as Ascomycetes, Basidiomycetes or Phycomycetes. Fungi may reproduce either 

asexually or sexually however, environmental conditions may alter the prevalence of a particular 

sexual state. Among other problems, this led to the situation where the same fungus could have 

several names because many fungi have both sexual (teleomorphic) and asexual (anamorphic) 

stages (Kendrick 2001). This has required a more extensive use of molecular methods.  Today, 

molecular systematics plays a major role in delimiting species concepts. The ultimate expression 

of this trend was the so-called Amsterdam declaration which has allowed for a one fungus one 

name system (Hawksworth et al. 2011). 



17 

 

 

Fungal spores are specialized structures for reproduction and dispersal. Asexual spores are 

produced by mitotic division whereas sexual spores are derived from meiosis causing genetic 

recombination (Kendrick 2001). Liberated spores may be dispersed by wind, water, agitation, 

insects, animals or humans allowing filamentous fungi to propagate into new environments 

including anthropogenic structures (Flannigan et al. 2001). These spores may remain dormant for 

an extended period of time until specific environmental conditions such as temperature, nutrient 

availability or water activity are satisfied (Smith and Berry 1974). If suitable environmental 

criteria are achieved, the spore will germinate into a germ tube that grows into a single filament, 

a hypha. The hypha branches to create hyphae where additional branching and aggregation of 

hyphae generates a mycelium (Watling 2003). Fungal spores constitute a large portion of both 

indoor and outdoor air and have been directly detected from the two separate environments. The 

spores found in buildings without mold damage are primarily derived from outdoor sources 

(Adams et al. 2013; Foto et al. 2005; Miller et al. 2008). 

 

As heterotrophs, fungi obtain their nutrients by degrading organic matter through the excretion of 

degradative enzymes making them the planets natural recyclers. The uptake of carbohydrates and 

other accessible nutrients including nitrogen, phosphorus, potassium, sulphur, iron, magnesium 

and calcium is required for their growth. They lack chlorophyll and are not capable of 

photosynthesis. Fungi generally have a semi-rigid cell wall containing chitin, cellulose-like 

substances and glucans, that are permeable to water and solutes in solution (Kendrick 2000)   
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Besides recycling decaying organic matter, an ecologically vital role, fungi have been exploited 

as a direct source of food, fermentation of alcoholic beverages, production of industrial enzymes, 

agricultural bio-control agents and pharmaceutically active compounds for the benefit of the 

human species. Two notable examples include the antibiotic penicillin and cholesterol lowering 

compounds, statins (Gloer 2007). However, fungi cause various unwanted, deleterious effects 

that directly affect human populations. Fungi are capable of causing mycotic infections, spoiling 

food and both crop and animal diseases that are acerbated by the production of mycotoxins. The 

production of mycotoxins is of particular importance due to their widespread occurrence as 

contaminants of food for both humans and livestock as well as their potent bioactivities (Jarvis 

and Miller 2005). Fungi found indoors may affect population health by generating spores, 

liberating hyphal fragments and aerosols comprised of several biologically active compounds 

including allergens, low molecular weight compounds, and β-1, 3-D-glucan (Nielsen et al. 2003; 

Miller et al. 2010; Rand et al. 2010). 

 

Primary and Secondary Metabolism 

 

All organisms synthesize and degrade organic and inorganic materials by series of anabolic and 

catabolic enzyme mediated reactions collectively known as metabolism (Betina 1995). Primary 

metabolism occurs in all living organisms as it is essential for growth and reproduction. Major 

primary metabolic pathways include glycolysis, Krebs cycle, beta oxidation, amino acid and 

nucleic acid production. The intermediates and end products of these biochemical pathways are 

known as primary metabolites and are required for the anabolism and catabolism of essential 

biomacromolecules including proteins, fatty acids, carbohydrates and nucleic acids (Mann 1987). 
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Among the more fascinating properties of fungi is their ability to synthesize a wide variety of 

secondary metabolites typically defined as small molecules that are not necessary for normal 

growth or development (Fox and Howlett 2008). The functions that are observed or proposed 

today may not be the same as the evolutionary forces that resulted in their appearance (Davies 

1990). Demain and Fang (2000) noted that these metabolites function (i) as competitive weapons 

used against other bacteria, fungi, amoebae, plants, insects, and large animals; (ii) as metal 

transporting agents; (iii) as agents of symbiosis between microbes and plants, nematodes, insects, 

and higher animals or other possible ecological functions. There is now strong evidence 

supporting secondary metabolites that allow organisms, particularly microorganisms, to carve 

out an ecological niche (Gloer 2007; Keller et al. 2005). Their ecological significance is 

demonstrated by the production of, often potent, secondary metabolites by fungi, bacteria, plants 

and other organisms as a stress response to other fungi, insects or animals. Fungi will inhabit an 

ecological niche provided there are nutrients available, however, these resources will be 

competed for by other organisms. Some form of interference competition by either behavioral or 

chemical interaction is hypothesized to occur before these resources can be exploited (Wicklow 

1981). The production of toxic secondary metabolites by an organism would directly affect a 

competitor’s ability to access the resource, increasing their own chance for survival. Fungi may 

colonize a resource and produce secondary metabolites that render the nutrient substrate 

unappealing to animals or other microorganisms. 

 

This can be exemplified by fungal endophytes which live in plant vascular or leaf tissue without 

causing damage. Secondary metabolites produced by grass endophytes reduce populations of 
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herbivorous insects that attack the plants thus increasing plant fitness. The endophytic, bioactive 

compounds allow the plant to defend itself directly affecting its fitness (Clay 1988; Cragg and 

Newman 2005). Similar observations have been made with regard to conifer endophytes. Foliar 

endophytes have been shown to produce an array of compounds toxic to herbivorous pests such 

as the Eastern spruce budworm. These compounds accumulate in the needles and reduce the 

growth rate of insect conferring increased tolerance to pests (Miller 2011; Sumarah et al. 2009). 

  

As one or more environmental nutrient becomes limited, primary metabolites accumulate that 

can be incorporated into secondary metabolites. This includes acetyl-CoA, shikimic acid, 

mevalonic acid and amino acids (Mann 1987). As alluded to above, the production of secondary 

metabolites may also have to be induced by an environmental stressor such as a competitor or 

nutrient limitation (e.g. carbon or nitrogen). However, secondary metabolism is differentiated 

from primary metabolism since the organism must possess the required biosynthetic genes that 

can be strain specific (Miller et al. 1991).  

 

Despite the vast structural diversity of secondary metabolites, the majority are derived from the 

mentioned simple primary metabolites. Acetyl-CoA is derived from the oxidative 

decarboxylation of pyruvic acid from the glycolytic pathway or by the beta hydroxylation of 

fatty acids. It is subsequently used in the acetate pathway to produce a variety of chemicals 

including polyketides, fatty acids, phenols and isoprenoids. Shikimic acid is derived from 

erythrose-4-phosphate (pentose phosphate pathway) and phosphoenolpyruvate (glycolytic 

pathway). Aromatic compounds including phenols, lignans, cinnaminic acid, alkaloids and 

amino acids (tyrosine, tryptophan or phenylalanine) are produced from the shikimate pathway. 
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Mevalonic acid is generated from the condensation of three acetyl-CoA molecules. The 

mevalonate pathway yields structurally diverse terpenes and steroid precursors.  

 

Polyketides are formed through the sequential condensation of acetate groups catalyzed by 

polyketide synthases (PKS’s). Fungal polyketides are synthesized by type I PKS’s that are multi-

domain enzyme complexes that function in a homologous manner compared to eukaryotic fatty 

acid synthases. Both pathways proceed by the addition of C2 units. Polyketides initially contain 

alternating CO-CH2 groups as opposed to a saturated CH2 chain present in fatty acids (Staunton 

and Weissman 2001). Even from this simple precursor (acetate), great structural variability can 

be achieved. Polyketide synthesis begins with acetyl-CoA and the subsequent C2 units are 

derived from malonyl-CoA, an activated form of acetyl-CoA. This is produced by the 

carboxylation of acetyl-CoA. These large enzyme complexes then carry out a series of repeated 

biosynthetic reactions. An acyl carrier protein (ACP) is responsible for the transfer of various 

intermediates to different active sites found in the PKS complex. More specifically, a 

phosphopantethiene group tethered to a specific ACP serine residue facilitates the movement of 

intermediates in the complex. Once the first acetyl group is bound to a specific acetyl transferase 

serine residue, it is transferred to the free thiol group of the ACP and is subsequently transferred 

the ketoacyl synthase (KS). Now free, the thiol group of the ACP performs a nucleophilic attack 

on the carbonyl carbon of the malonyl attached to the malonyl transferase creating malonyl-ACP. 

Decarboxylation of the unit attached to the ACP creates a very nucleophilic carbanion that 

attacks the carbonyl carbon of the acetyl group connected to the KS. Subsequent additions of 

malonyl-CoA subunits utilizing the same enzymatic machinery elongates the chain in a head to 

tail fashion two carbons at a time until the polyketide chain is hydrolyzed from the ACP. The 
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linear polyketide chain is additionally oxidized, reduced, rearranged and modified (e.g. 

methylated) by a variety of enzymes to generate the vast structurally diversity of polyketides.  

 

Oxidative modifications by cytochromes and dehydrogenases are the most common enzymes 

that increase the structural diversity of these secondary metabolites. The mycotoxins aflatoxin 

B1 and zearalenone as well as the antifungal compound griseofulvin are examples of important 

polyketides; figure 1.1. 

 

 

 

Figure 1.1: Structure of the polyketides aflatoxin B1, zearalenone and griseofulvin. 

 

Terpenes are a very large class of secondary metabolites produced by fungi as well as plants and 

other animals. They can be produced by some insects and serve as precursors for steroids in 

many organisms using mevalonic acid as the key intermediate. All of this structural diversity 

originates from the simple hydrocarbon isoprene, C5H8. Terpenes can be classified by the 

number of C5 isoprene units that are incorporated into them as hemiterpenese (1 unit), 

monoterpenes (2 units), sesquiterpenes (3 units), diterpenes (4 units), sesterterpenes (5 units) and 

so on. However, isoprene cannot be directly incorporated into terpenes, the activated forms 

isopentenyl pyrophosphate (IPP) and dimethylallyl pyrophosphate (DMAPP) derived from 

mevalonic acid are. These intermediates are derived from two independent pathways, the 
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mevalonic acid or HMG-CoA reductase pathway, which takes place in the cytosol, and the MEP 

pathway, that occurs in the plastids of plants and protozoa (Hanson 2007).  

 

In the cytosolic pathway used by fungi, a thiolase converts two acetyl-CoA to acetoacetyl-CoA.  

An additional acetyl-CoA is condensed with acetoacetyl-CoA to form 3-hydroxy-3-

methylglutaryl-CoA (HMG-CoA) which is subsequently reduced by HMG reductase to 

mevalonic acid.  Mevalonic acid is then phosphorylated by two kinases to 5-

pyrophosphomevalonate. Decarboxylation of this in the presence of ATP by 

pyrophosphomevalonate decarboxylase yields IPP. The MEP pathway found in plant plastids 

utilizes different precursors, pyruvate and glyceraldehyde-3-phosphate to yield IPP and DMAPP. 

These isoprenoid precursors can be condensed together in a step wise head to tail fashion with 

various numbers of C5 units incorporated to produce structurally diverse metabolites. These can 

additionally be modified by terpenoid synthases that cyclize, add prenyl moieties, oxidize or 

reduce the terpenoid precursors to increase their structural diversity. The trichothecene 

mycotoxin deoxynivalenol and eremophilane sesquiterpene PR toxin are illustrated in figure 1.2, 

both of which are sesquiterpenes. 

 

 

Figure 1.2: Structure of the sesquiterpenes deoxynivalenol and PR toxin. 

The shikimate pathway produces a variety of aromatic compounds including some very 

important primary metabolites such as the amino acids phenylalanine, tyrosine and tryptophan.  
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The biosynthesis of shikimic acid starts with the condensation of erythrose-4-phosphate derived 

from the pentosephosphate cycle and phosphoenolpyruvic acid from glycolysis. These two 

metabolites are essential for the metabolism carbohydrates. Shikimate derived compounds 

include coumarins, cinnaminc acid and other phenolic acids that typically do not contain 

nitrogen. Shikimate intermediates may also be directly incorporated into secondary metabolites. 

Figure 1.3 shows the structure of cinnamic acid as well as roquefortine C that is derived directly 

from tryptophan, histidine and dimethylallylpyrophosphate.  

 

 

 Figure 1.3: Structure of cinnamic acid and roquefortine C. 

 

The principal metabolites derived from amino acids include alkaloids, peptides or metabolites 

with mixed biosynthesis. Compounds such as cocaine, ephedrine and nicotine are all examples of 

pharmacologically active alkaloids. Alkaloids contain at least one nitrogen atom and are derived 

primarily from the basic amino acids ornithine and lysine or the aromatic amino acids 

phenylalanine, tyrosine, and tryptophan which are formerly shikimate derived compounds (Mann 

1987). Fungal secondary metabolites also include peptides that are synthesized from non-  
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Figure 1.4: Scheme of secondary metabolism (adapted from Torssell 1983). 

 

ribosomal pathways. They can either be linear or cyclic. Examples of cyclic peptides are the 

enniatins produced by Fusarium species (Sy-Cordaro et al. 2012) and the immunosuppressant 

drug cyclosporine (Bushley et al. 2013). The  genus Trichoderma has so far been the richest 

source of modified non-ribosomal peptides, known as peptaibols, that contain both proteogenic 

and non-proteogenic amino acids (Leitgeb et al. 2007). The antibiotic penicillin is an example of 



26 

 

a modified tripeptide. The nephrotoxic mycotoxin ochratoxin A and the cytochalasin 

chaetoglobosins are examples of secondary metabolites arising from a mixed polyketide-amino 

acid biosynthesis.  

 

Chemotaxonomy 

 

As described above, filamentous fungi are capable of synthesizing a vast number of structurally 

diverse secondary metabolites. Chemotaxonomy is a means of classifying or identifying 

organisms based on their chemical diversity and is often limited to qualitative or quantitative 

profiles of fatty acids, proteins, carbohydrates or secondary metabolites. For fungi, a secondary 

metabolite profile to a chemist encompasses all of the metabolites within an extract. These 

metabolites are typically produced by a limited number of fungal species within a genus, order or 

phylum meaning they cannot be applied to phylogenetic studies. However, the set of metabolites 

of a particular species are typically consistently produced (Larsen et al. 2005). Chemotaxonomy 

based on unique secondary metabolites within the profile and not a single chemical offers a 

means to differentiate fungal species (Frisvad et al. 2008). A chemotaxonomic approach utilizing 

secondary metabolites have been successfully applied to economically important Penicillium, 

Aspergillus and Fusarium species as well as lichens (Laresen et al. 2005). Secondary metabolite 

profiles are particularly useful differentiating species that are morphologically and 

physiologically similar as demonstrated with the P. roqueforti complex (Nielson et al. 2006).  

 

When classifying fungi, a polyphasic approach incorporating secondary metabolite data, 

morphological, physiological and genetic characteristics should be utilized. A polyphasic 
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approach will limit the number of systematic errors associated with fungal identifications. The 

literature is not short of erroneous claims of secondary metabolites produced by fungi. This can 

be caused by fungal misidentifications highlighting the importance of strains being deposited in 

recognized culture collections. This also ensures the correctly identified isolates are maintained 

properly. While fungal secondary metabolite production is typically species or even strain 

specific, the spontaneous production of atypical metabolites is not unheard of (Larsen et al. 

2005). This is postulated to be due to poor growth conditions or improperly maintained strains. 

For these reasons, chemotaxonomic studies should utilize well characterized, deposited isolates 

(Frisvad et al. 2008). Polyphasic examinations of fungi have resulted in the taxonomic revisions 

of many fungal genera.  

 

Advancements in analytical instrumentation including mass spectrometry, nuclear magnetic 

resonance and high performance liquid chromatography are allowing secondary metabolites to 

be mined like never before. Further, increased computing power with the ability to store and 

statistically evaluate large sets of chemical data will only increase the ability to probe fungal 

secondary metabolites. To properly investigate fungal chemotypes, secondary metabolite 

analytical standards derived from deposited isolates are required. Increased exploitation of fungi 

and their metabolites has many economic implications as they constitute a large number of 

pharmacologically active compounds and in the food sector due to the production of mycotoxins. 

Academically, a more complete description of the chemical profiles of fungi is of relevance as it 

is through the production of secondary metabolites that fungi interact with their environment.  
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Fungi in the Built Environment  

 

Modern buildings have been designed to be more energy efficient and are therefore constructed 

with excess insulation in a manner that limits ventilation rates compared to buildings constructed 

prior to the 1970’s. While this “tightening” of North American dwellings and buildings was 

subsidized by governments, little consideration was given to the effects it would have on indoor 

air quality (Miller et al. 2007). These buildings are constructed with materials that are designed 

to absorb water however, when the amount of water vapor generated in a building exceeds its 

capacity to remove it, it is absorbed by the building materials. This promotes mold growth 

indoors (Johnson and Miller 2012; Miller et al. 2008) or may cause structural damage from wood 

rot. This is of particular importance from a human health perspective because individuals in 

industrial countries, including Canada, spend the majority of their time indoors (Leech et al. 

2002).  

 

Population studies over the last couple decades have demonstrated individuals inhabiting or 

working in damp and moldy buildings are at increased risk of adverse health effects caused by 

fungi. Dampness and mold in the built environment is associated with increased upper 

respiratory disease, allergic responses, asthma and many other non-specific symptoms such as 

airway infections, impaired immune function, and fatigue in both atopic and non-atopic 

individuals (Health Canada 2004; 2007; NIOSH 2012; WHO 2009). Allergy alone cannot 

explain this pattern of disease suggesting toxins produced by fungi play a role in the disease 

process (Mendell et al. 2011; Miller et al. 2010; Neveu et al. 2011; Rand et al. 2011). 



29 

 

Fungal proteins may induce Type 1 allergic responses and non-immunoglobulin E (IgE) 

mediated histamine release. The form of glucan in the fungi most often referred to as molds, β-

(1, 3)-D-glucan, is able to trigger inflammatory responses that are similar to endotoxin exposure 

by activating the dectin receptor (Rand et al. 2010). Exposure to this particular triple helical 

glucan induces immunomodulatory changes in neutrophils, macrophages, eosinophils and 

increases levels of inflammatory biomarkers in both human and animal blood.  

 

Fungi commonly found indoors are capable of synthesizing an array of structurally diverse 

secondary metabolites, most of which are non-volatile, indicating exposure is largely due to the 

inhalation of spores and mycelial fragments (Green et al. 2006; Salares et al. 2009). From 

agricultural experiences, inhalation exposures of mycotoxins can lead to human disease (Miller 

et al. 1991). Stachybotrys chartarum growing on straw has previously been demonstrated to 

cause disease in farm animals and workers by inhalation exposures to trichothecenes (Miller et 

al. 2003).  

 

A large epidemiological study by Dales et al. (1991) indicated that the symptoms associated with 

indoor exposure to fungi could not be attributed to allergy alone and that secondary metabolites 

produced by fungi play an important role for “sick building syndrome”. Additionally, asthma is 

normally associated with a genetic predisposition, known as atopy. However, individuals living 

or working for prolonged periods in damp and moldy buildings are at increased risk of 

developing asthma, i.e. non-atopic asthma (NIOSH 2012). This suggests that indoor inhalational 

exposure to fungal products is a mechanism for non-atopic asthma. This has been postulated to 

be due to the inflammatory effects caused by fungal metabolites present on spores or mycelial 
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fragments. Inhalation exposures to secondary metabolites produced by fungi common on damp 

building materials that could be experienced in buildings with mold problems have been 

demonstrated to affect lung biology in vivo and in vitro (Akpina et al. 2013; Miller et al. 2010, 

Rand et al. 2010; Rand et al. 2011; Rand et al. 2013). Fungal spores and low doses of pure 

secondary metabolites from indoor fungi elicit acute lung inflammation in rodent models (Miller 

et al. 2010). Little is currently known about how fungal metabolites affect biologically relevant 

endpoints in lung cells however, induction of pro-inflammatory genes along with 

histopathological disruptions are observed in mouse alveolar cells at fungal toxin concentrations 

that can be experienced indoors, 4x10
-5

 mol kg
-1

 lung (Miller et al. 2010). The physiological 

inflammation, molecular induction of inflammation and immunomodulatory effects caused by 

fungal metabolites on lung cells is still poorly understood biochemically. 

 

Fungal Contamination of Indoor Environments 

 

As previously mentioned, the species diversity of fungi is very high. However, the fungi that are 

associated with damp buildings or indoor air comprise a narrow group of species (Jarvis and 

Miller 2005). Common indoor fungi must be able to survive on the amount of biologically 

available water and nutrients made accessible from building materials. The lack of species 

variation indoors globally is most likely a reflection of the widespread use of similar building 

materials such as gypsum board in the developed world. Fungal spores originating from 

outdoors, primarily from soil, may enter the indoor environment by wind or various other vectors 

including pets, dirt, plants debris, or clothing. The germination of these spores indoors will be 
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dependent upon various biotic and abiotic factors such as temperature, humidity, building 

material, nutrient availability, fungal age and species (Kildeso et al. 2003). 

 

Fungi are capable of growing on many commonly used moist building materials. Damp building 

materials that support growth may result in the formation of a large fungal biomass, however if 

the material dries, this can promote spore and mycelial fragment dispersion (Nielsen 2003). 

Mold growth on water damaged plaster, concrete, wood, wallpaper, paint and gypsum is 

common whereas some species are found on more unlikely substrates such as fiberglass, brick, 

and linoleum. Painted plasterboard is an easily degraded carbon source but will not easily 

support mold growth unless damp (Andersen et al. 2011). 

 

The water activity (aw) of the damaged material is the most important factor determining if mold 

growth will be initiated and what species will proliferate. The aw refers to the amount of 

biologically available water available in a substrate. It is defined as the vapor pressure of water 

on a particular substrate over the vapor pressure of pure water at the same temperature 

(Flannigan et al. 2001). The aw value may be between 0-1.0 where the aw of pure water is 1.0.  

The aw of a particular building material, as well as temperature, are the most important abiotic 

factors affecting mold growth indoors as different fungi will tolerate different water activities 

(Andersen et al. 2011). Additionally, some molds will tolerate a lower aw if the temperature is 

higher (Flannigan et al. 1991). Localized differences in ventilation and surface temperature are 

capable of generating microclimates of high aw where the relative humidity is low. This makes 

relative humidity a poor indicator of mold growth indoors (Andersen et al. 2011).  
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Moisture problems in the indoor environment can be caused by natural means such as flooding 

as a result of heavy rain, melting snow, sewer system overflow or human error (Andersen et al. 

2011). Daily routine human activities such as showering, laundry and cooking are capable of 

causing water damage when vapor condenses on cold surfaces such as walls, windows and 

furniture. However, often the most serious mold problems indoors arise when moisture is 

allowed to accumulate due to insufficient ventilation or air circulation. Additional moisture 

problems arise from poorly constructed or old roofing, wall and floor construction or plumbing 

leaks. For many fungi, condensation on building materials is sufficient for colonization. The 

longer a building material has a aw greater than 0.75, the higher the risk of mold growth (AIHA 

2008). 

 

Fungi found in the built environment can be classified as primary, secondary or tertiary 

colonizers according to their ability to grow on substrates with different water activities 

(Andersen et al. 2011). Fungi that require a minimum aw > 0.90 are referred to as hydrophilic or 

tertiary colonizers, aw 0.80-0.89 are mildly hydrophilic molds or secondary colonizers, and aw < 

0.80 are xerophilic fungi or primary colonizers (Miller et al. 2008). 

 

Primary colonizers are capable of growing when the aw of the damp buildings materials is < 0.8. 

This includes many Penicillium, Eurotium and Aspergillus species. Primary colonizers 

commonly identified indoors include Penicillium chrysogenum, P. corylophilum, P. commune, P. 

brevicompactum, Aspergillus versicolor, A. fumigatus, A. niger and Wallemia sebi. Secondary 

colonizers typically require a aw between 0.80-0.90 and are capable of thriving when the water 

activity or humidity changes throughout the day. This group is composed of various Alternaria, 
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Cladosporium, Phoma and Ulocladium species. Tertiary colonizers or water damage molds 

require an aw > 0.90 and include some of the more hazardous fungi found in damp buildings. 

Examples include Chaetomium globosum, Stachybotrys chartarum and Trichoderma species 

(Nielsen et al. 2003). The water activity of a specific building material will determine what mold 

species will grow indoors. 

 

Secondary Metabolites from P. chrysogenum and A. versicolor in the Indoor Environment 

 

The diversity of molds growing on damp or water damaged building materials and what building 

materials each of these fungi were associated with was recently investigated (Andersen et al. 

2011). It was demonstrated that P. chrysogenum and A. versiocolor are the two most common 

fungal species found growing on damp building materials. C. globosum was the third most 

prevalent species found on water damaged building material where Acremonium strictum and 

Ulocladium spp. are also common. Secondary metabolites from indoor derived Ulocladium spp. 

and Acremonium spp. have not been detected suggesting a thorough investigation of indoor 

isolates of these two genera is required (Nielsen et al. 1999). Additionally, roquefortine C, 

sterigmatocystin and chaetoglobosin A have been directly detected in air, dust, fungal biomass 

and wallpaper samples (Polizzi et al. 2009). These are all reliably characterized toxic metabolites 

produced by P. chrysogenum, A. versiocolor and C. globosum. Due to their prevalence on 

damaged building materials, the secondary metabolite produced by P. chrysogenum and A. 

versiocolor derived from the indoor environment are reviewed here. Metabolites produced by C. 

globosum are discussed in chapter II. 
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Species in the genus Penicillium were identified as the most frequently isolated (~70%) from 

water damaged building materials where 70-75% of the isolates studied were identified as P. 

chrysogenum (Andersen et al. 2011). Penicillium species are commonly isolated from insulation, 

wood, gypsum wallboard, manufactured wood, ceiling tiles and textiles (Miller et al. 2008). 

Nielsen et al. (1999) reported meleagrin and chrysogine from naturally and artificially infested 

damp building materials by P. chrysogenum however did not observe any roquefortine C, a 

meleagrin precursor. A study of 109 houses in Wallaceburg, ON and twenty five culture 

collection isolates resulted in the phylogenetic examination of 198 P. chrysogenum indoor strains 

by Scott et al. (2004). This phylogenetic analysis revealed 4 clades of which there were 3 

resolved lineages. Clade 4 was dominant making up more than 90% of the isolates examined. 

Clade 1 and 2 were shown to be sister lineages accounting for 5.6 and 1.0% of the isolates 

respectively whereas clade 3 accounted for 3.0%. Clade 1, uncommonly from indoor dust 

relative to clade 4, was isolated on raw wood and paper. Clade 4 isolates were obtained from 

paper, soil, construction materials and various indoor environments. It is also noteworthy that the 

strain isolated as a plate contaminant by Alexander Fleming in 1929 belongs to this lineage. De 

la Campa et al. (2007) examined the metabolite production of P. chrysogenum clade 1 and 4 

where 13 strains were also studied by Scott et al. (2004) and the 17 other isolates were derived 

from Canadian indoor air samples. The geographically distributed strains examined were also 

dominated by clade 4 (90%). The production of meleagrin, roquefortine C, penicillin G and 

xanthocillin X was quantitatively examined however no chemotype differences were observed 

between the two Scott clades. Strains left too long in culture collections were poor producers of 

the mentioned compounds and one isolate derived from gypsum wallboard produced only 

penicillin G. Remaining strains appeared to differentially sequester penicillin G in the mycelia. 
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Recently, Houbraken et al. (2011) examined an isolate from the Scott et al. (2004) study 

belonging to clade 2. They were able to confirm the presence of meleagrin, andrastin A and B, 

chrysogine, a lumpidin related metabolite as well as secalonic acid D and F by HPLC-DAD. 

Phylogenetic analysis aimed at determining whether the two most common Scott clades within 

P. chrysogenum sensu lato were represented by one or two species was conducted. They 

demonstrated that clades 1 and 4 are indeed two different species, P. chrysogenum and P. rubens 

respectively. According to this investigation, Scott’s lineages 1 and 2 are P. chrysogenum, clade 

4 is P. rubens and clade 3 remains unknown at this time. Their examination of metabolites from 

P. rubens revealed most of the same metabolites as P. chrysogenum; however, it did not produce 

the lumpidin-related metabolite or either secalonic acids D and F. Scott et al. (2004) was unable 

to find P. rubens in outdoor air in the Wallaceburg, ON s. The abundance of P. rubens indoors 

opposed to the other 3 Scott clades suggests it has a competitive advantage within the indoor 

environment.  

 

 

 

Figure 1.5: Structures of secalonic acid D, meleagrin and chrysogine isolated from either P. 

chrysogenum or P. rubens. 
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Andersen et al. (2011) reports A. versiocolor as the most frequently identified mold species, 

26.5% of all counts, from damp building materials; whereas, Nielsen et al. (1999) reports P. 

chrysogenum as the most common and A. versiocolor second. This species was evenly 

distributed on most damaged building materials however, was rarely found on wood. It is more 

commonly associated with some lower nutrient materials including concrete, vinyl, cork and glue 

while underrepresented on grout, wood, and plywood. A. versicolor is able to grow on a variety 

of artificially inoculated building materials examined but not on acoustic ceiling tiles (Nielsen et 

al. 1998). Besides growing on nutrient-poor substrates, it is a primary colonizer of building 

materials capable of proliferating on materials with a low aw. Sterigmatocystin and 5-

methoxysterigmatocystin were detected on pine wood, wallpaper, gypsum board and chipboard 

inoculated with A. versicolor (Nielsen et al. 1998). All five strains examined produced these two 

toxins with the highest concentrations observed on wallpaper.  

 

From these water damaged materials, up to approximately 7 and 20 µg/cm
2
 of 5-methoxy-

sterigmatocystin and sterigmatocystin, respectively were reported from A. versicolor. Typically, 

common indoor fungi produce relatively low amounts of secondary metabolites; however, 

sterigmatocystin may represent up to 1% of the A. versicolor biomass (Nielsen 1998). A. 

versicolor infested areas of non-sporulating red biomass yielded larger amounts of 

sterigmatocystin as opposed to the conidia (Nielsen et al. 1999). Tuomi et al. (2000) identified 

sterigmatocystin as the most prevalent toxin in mold damaged building materials. Of the 

sterigmatocystin-positive samples, A. versicolor was present in most of them. From eleven carpet 

dust samples, 49 of 50 A. versicolor isolates were shown to produce sterigmatocystin. Further, 

from those eleven carpet dust samples, sterigmatocystin could be directly detected at up to 4 ng/g 
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dust in two of the samples (Engelhart et al. 2002). Bloom et al. (2007) identified sterigmatocystin 

in 25 of 62 building material samples as well as one settled dust sample. The sterigmatocystin 

amounts in building material and settled dust samples were 110 pg/mg and 17 pg/cm
2
 

respectively. A. versicolor was identified in the majority of sterigmatocystin positive samples.  

 

In a follow up study by Bloom et al. (2009), 100 building materials, 18 settled dust and 37 

cultured dust samples were collected over a one year period. The mycoflora and the amounts of 

selected potent mycotoxins were determined from the collected samples. The mean amounts of 

sterigmatocystin in building material samples was 7.1 ng/mg, the third most frequent toxin 

observed; however was not observed in any of the settled dust samples. Most sterigmatocystin-

positive samples were also positive for Aspergillus spp. Sterigmatocystin was less prevalent in 

the 2009 study compared to the one conducted in 2007; however, this is most likely a result of 

the different proportion of building materials sampled favoring growth of different molds.  

 

 

 

Figure 1.6: Structures of the carcinogenic metabolites, sterigmatocystin and 5-

methoxysterigmatocystin produced by A. versicolor.  
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PROJECT AIM 

 

It has been established that mold in damp buildings is associated with adverse human health 

consequences. The two primary effects observed in human population studies are increased 

upper respiratory disease and an allergic response in both atopic and non-atopic individuals. 

Allergy alone cannot explain this pattern of disease and secondary metabolites produced by fungi 

are now known to play a role in this disease process. At doses that could be experienced in 

buildings with mold problems, toxic secondary metabolites present on spores and mycelial 

fragments have been shown to affect lung biology in vivo. The goal of this investigation is to 

purify and structurally characterize the dominant toxic secondary metabolites produced by fungi 

commonly found growing in damp Canadian buildings. The secondary metabolite profiles of C. 

globosum, P. corylophilum, W. sebi and Trichoderma spp. obtained from the built environment 

will be investigated. 

 

To determine how fungal secondary metabolites alter human lung biology in vivo requires the 

preparation of very pure metabolites for toxicity experiments (e.g. Miller et al. 2010; Rand et al. 

2011; 2013). Purified metabolites will also be utilized as analytical standards to assess the 

toxigenic potential of strains of these common indoor species geographically representing 

Canada. The secondary metabolites isolated here will be purified and unambiguously 

characterized as opposed to being identified on a chromatogram which will aid mycologist when 

taking a polyphasic approach to identifying fungi. The existing literature concerning secondary 

metabolites from fungi is often convoluted due to dubious analytical methods or incorrect fungal 



39 

 

identifications. Secondary metabolite profiles in polyphasic taxonomic studies are often utilized 

when classifying or identifying fungal species as they are typically very species specific.  

 

Fermentation conditions that favor metabolite production of each species will be determined. 

Metabolite screening of crude filtrate extracts from each strain using the fermentation conditions 

elucidated will be achieved by HPLC-DAD or LC-UV-MS. Large scale fermentations of 

representative strains of each species will be performed to generate adequate amounts of 

metabolites for structural elucidation, toxicity assays and determination of various strains 

toxigenic potential. Major metabolites can be purified by a combination of normal phase column 

chromatography, Sephadex, SPE, prep-TLC or preparative reverse phase HPLC. Unambiguous 

structural characterization of purified metabolites will be achieved by high resolution mass 

spectrometry, nuclear magnetic resonance (NMR) spectroscopy, chemical derivatization, other 

spectroscopic methods  (UV, OR, CD) and evaluation of the existing literature.  
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CHAPTER II 

 

 

ISOLATION, CHARACTERIZATION AND QUANTIFICATION OF 

CHAETOGLOBOSINS AND AZAPHILONES FROM CHAETOMIUM GLOBOSUM 
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INTRODUCTION 

Chaetomium globosum is one of the most common fungi found growing on wet or damp building 

materials in Canada and Europe (Flannigan and Miller 2011; Fogle et al. 2007; Miller et al. 

2008). Andersen et al. (2011) list it as the third most common fungal species on damp building 

materials. This species, the most common species within the genus, is distributed worldwide, 

commonly found in soil and plant debris due to its strong cellulolytic activity. When the 

cellulolytic activity of several fungi was tested, C. globosum readily degraded cotton fabrics 

(Flannigan and Miller 2001). Chaetomium species are tertiary colonizers that require a aw > 0.90 

to proliferate (Nielsen et al. 1999). It is common on wallboard, solid wood, textiles, 

manufactured wood, ceiling tiles and is frequently found on insulation (Flannigan and Miller 

2011; Miller et al. 2008). C. globosum is also tolerant to calcium salts since it is regularly 

isolated from gypsum wallboard, a material that is primarily made up of these salts (Miller et al. 

2008). As a hydrophilic mold, it is not surprising that this prominent indoor species is abundant 

in bathrooms, kitchens and around window frames (Piecková 2003). C. globosum has an 

optimum temperature for growth between 16-25 ºC, will not grow above 37 ºC and prefers a 

neutral pH (Fogle et al. 2008). It also has a characteristic appearance; distinct black or dark green 

parathecia, visible to the naked eye (Nielsen et al. 1999).  

 

Figure 2.1: C. globosum grown on 2% MEA. 
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Previous studies of metabolites from C. globosum in Canada were done in an agricultural 

context, namely on identifying the causative agents of ill-thrift in sheep before 1973. Isolates 

obtained from pastures and moldy corn in Nova Scotia established that chetomin is at least 

partially responsible for the etiology of the ill-thrift (Brewer et al. 1972). Chetomin is moderately 

toxic to rats and ewes, exhibits strong antibacterial properties (Brewer et al. 1972) and is a potent 

inhibitor of HeLa and cultured epithelial cells (Trown 1968). These strains also produced the 

purple pigment cochliodinol that is moderately antifungal and antibiotic (Brewer et al. 1968). 

Cochliodinol was not cytotoxic to mammalian cells, nor did it demonstrate any toxicity in 

turkeys or rats (Brewer et al. 1970). The structures of chetomin and cochliodinol are shown in 

figure 2.2. 

 

Figure 2.2: Structures of the toxin chetomin and the purple pigment cochliodinol. 

 

C. globosum produces a variety of cytotoxic cytochalasans called chaetoglobosins. 

Chaetoglobosins A-B (Sekita et al. 1973), C-F (Sekita et al. 1976), G and J (Sekita et al. 1977), 

Q, R, and T (Jiao et al. 2004) have all been isolated from soil-derived C. globosum strains. The 

metabolites arise from a mixed polyketide-amino acid biosynthetic pathway and have a wide 
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variety of biological activities (Scherlach et al. 2010). Chaetoglobosins all possess the amino 

acid tryptophan and a structurally variable thirteen-membered macrocycle. Other cytochalasans 

may bear the amino acid phenylalanine as opposed to tryptophan (Sekita et al. 1976). 

Chaetoglobosins inhibits cytoplasmic cleavage and restricting movement in mammalian cells. 

This is achieved by capping actin, specifically within in the hydrophobic cleft between actin 

subunits 1 and 3, inhibiting the actin cytoskeletal proteins from polymerizing into microfilaments 

(Scherlach et al. 2010).  

 

 

Figure 2.3: Structures of chaetoglobosin A and C. 

 

Chaetoglobosins are potently cytotoxic metabolites which cause polynucleation of HeLa cells 

and acute oral toxicity to experimental animals (Udagawa et al. 1978; Umeda et al. 1975). 

Cytotoxic effects are observed for chaetoglobosin A and C at 3.2-10 µg/mL and 10-32 µg/mL in 

HeLa cells, respectively (figure 2.3; Udagawa et al. 1978). However, the toxic effects elicited by 

chaetoglobosins depend on the mechanism of exposure which is lower when ingested orally 

compared to intravenous injection (Nielsen et al. 1999). LD50 values for subcutaneous injections 

in mice were determined to be 6.5mg/kg bw and 17.8 mg/kg bw for male and females 

respectively (Binder and Tamm 1973). Chaetoglobosin A has low toxicity to mice (Ohtsubo et 
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al. 1978) but is potently antifungal (Amemiya et al. 1994; Betina et al. 1972), antibacterial and 

cytotoxic (Betina et al. 1972; Scherlach et al. 2010; Umeda et al. 1975).  

 

 

Figure 2.4: Structures of chaetoviridin A-D isolated from C. globosum. 

 

The azaphilones chaetoviridin A-D (figure 2.4) were additionally isolated from a soil C. 

globosum isolate (Takahashi et al. 1990). Azaphilones are a structurally diverse group of highly 

conjugated polyketides that possess a pyrano-quinone core structure. They have been isolated 

from more than 23 fungal genera and have a variety of intriguing biological activities (Osmanova 

et al. 2010). Azaphilones isolated from C. globosum include chaetoviridins as well as 

chaetomugilins, chaetoglobins, and isochromophilones (Ming et al. 2008; McMullin et al. 2013). 

Chaetoviridins demonstrate weak monoamine oxidase inhibition (Takahashi et al. 1990), potent 

antifungal activity (Park et al. 2005) and inhibit cholesteryl ester transferase (Tomoda et al. 

1999). Chaetomugilin metabolites have been shown to exhibit cytotoxic growth inhibition 



45 

 

activity against murine P388, human HL-60, murine L1210 and human KB cell lines (Muroga et 

al. 2009). Isochromophilones inhibit acyl-CoA acytltransferase (Arai et al. 1995). However, the 

non-selective cytotoxicity most azaphilones elicit prevents them from being pursued as useful 

pharmaceutical targets (Osmanova et al. 2010).  

 

 

Figure 2.5: Structures of chaetomugilin A, D, I and M isolated from C. globosum. 

 

Examination of C. globosum strains reported from marine environments or as endophytes has 

yielded chaetomugilins A-F (Yasuhide et al. 2008), I-O (Muroga et al. 2009) and seco- 

chaetomugilins A-D (Yamada et al. 2008) from the marine fish Mugil cephalus, the indole 

alkaloid chaetoglobosin U (Ding et al. 2006) and chaetoglobins A and B (Ming et al. 2008) from 

the normal stem of Imperata cylindrical, the benzaldehyde derivative chaetopyranin from the 

marine red algae Polysiphonia urceolata (Wang et al. 2006), globosumones A-C from the stem 
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tissue of Ephedra fasiculata (Bharat et al. 2005) and various azaphilones from the leaves of a 

Viguiera robusta endophytic strain (Borges et al. 2011). The structures of chaetoglobosin U and 

chaetoglobin A characterized from endophytic C. globosum isolates can be found in figure 2.6. 

Chaetoglobins A and B inhibited the breast cancer cell line MCF-7 as well as the colon cancer 

cell line SW1116 with IC50 values of 26.8 and 35.4 µg mL
-1

, respectively (Ming et al. 2008). 

 

 

Figure 2.6: Structures of chaetoglobosin U and chaetoglobin A. 

 

Chaetoglobosin A and C, were shown to be produced on various naturally and artificially 

infested damp building materials in the US and Denmark (Fogle et al. 2007; Nielsen et al. 1999). 

Numerous unidentified C. globosum metabolites were additionally reported to be produced on 

damp wallpaper by Nielsen et al. (1999). More recently, chaetoglobosin A and chetomin were 

reported from a moldy wooden wall scraping from Vienna (Vishwanath et al. 2009) and 

chaetoglobosin A was additionally detected from moldy building materials in Finland (Täubel et 

al. 2011). Strains were collected from the built environment in Canada and a comprehensive 

examination of the secondary metabolite profiles of Canadian strains derived from damp 

buildings was conducted herein.  
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RESULTS AND DISCUSSION 

 

In order to structurally characterize the major metabolites from the strains of C. globosum 

obtained, large scale fermentations of a representative strain, DAOM 240349, were carried out. 

The crude EtOAc extract was initially separated by column chromatography and the major 

components were further purified by reverse phase semi-preparative HPLC. Each major 

metabolite was structurally characterized by high resolution mass spectrometry, NMR, UV, OR 

and comparisons to the literature. This work was highlighted by the characterization of several 

previously reported chaetoglobosins and azaphilones as well as three new azaphilones. Major 

metabolites isolated were utilized as analytical standards to quantify each compound from the 

twenty five indoor C. globosum isolates within the labs possession. No evidence of chemotypes 

was observed in the strains investigated here, refer to table 2.4. Each strain obtained from 

Canadian buildings was characterized by morphology, sequencing of their internal transcribed 

spacer (ITS), and secondary metabolite profile (see materials and methods).  

 

Major Metabolites: Chaetoglobosins and Azaphilones 

 

Chaetoglobosin A (2.1); pale yellow solid; [α]D −269 (c 0.2, MeOH) [−270 (MeOH), Sekita et al. 

1973]; UV (MeOH)/nm λmax (log ε) 280 and (3.51) 220 (3.52); HRESIMS m/z 529.2707 [M+H]
+
 

(calculated for C32H37N2O5 , 529.2702); 
1
Hand 

13
C NMR data were consistent with published 

data (Cole and Schweikert 2003) and are reported in table 2.1. The presence of chaetoglobosin A 

in the filtrate extracts of C. globosum strains examined was confirmed by an analytical standard 

(Alexis Biochemicals). The HRESIMS spectrum for chaetoglobosin A can be found in figure 

2.12. The structure of chaetoglobosin A can be found in figure 2.7. 
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Figure 2.7: Structure of chaetoglobosin A (2.1). 

 

Chaetoglobosin F (2.2); pale yellow solid; [α]D −42 (c 0.4, CHCl3) [−69 (CHCl3), Sekita et al. 

1976]; UV (MeOH)/nm λmax 290 (3.44), 280 (3.50), and 220 (3.74); HRESIMS m/z 531.2865 

[M+H]
+
 (calculated for C32H39N2O5, 531.2859); 

1
Hand 

13
C NMR data were consistent with 

published data (Cole and Schweikert 2003) and are reported in table 2.1. The structure of 

chaetoglobosin F can be found in figure 2.8. 

 

 

 

Figure 2.8: Structure of chaetoglobosin F (2.4). 

 

Chaetoglobosin C (2.3); colorless solid; [α]D −40 (c 0.05, MeOH) [−30 (MeOH), Sekita et al. 

1976]; UV (MeOH)/nm λmax 280 (2.66) and 220 (3.05); HRESIMS m/z 529.2706 [M+H]
+
 

(calculated for C32H37N2O5, 529.2702); 
1
H data were consistent with published data (Cole and 

Schweikert 2003; Sekita et al. 1976) and are reported in table 2.1. The presence of 
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chaetoglobosin C in the extracts of C. globosum was confirmed by an analytical standard (Alexis 

Biochemicals). The 
13

C data for 2.3 are adapted from Cole and Schweikert (2003). The structure 

of chaetoglobosin C can be found in figure 2.9. 

 

 

Figure 2.9: Structure of chaetoglobosin C (2.3). 

 

 

Chaetomugilin D (2.4); optically active yellow gum; [α]D −89 (c 0.1, MeOH) [−170 (c 0.1, 

EtOH), Yasuhide et al. 2008]; UV (MeOH)/nm λmax (log ε) 385 (3.10), 290 (2.90) and 220 

(3.03); HRESIMS m/z 435.1600 [M+H]
+
 (calculated for C23H28O6Cl, 435.1574); 

1
H and 

13
C 

NMR data were consistent with published data (Yasuhide et al. 2008) and are reported in table 

2.2. The approximate 3:1 peak ratio of [M+H]
+
: [M+H+2]

+
 indicates the presence of a single 

chlorine atom in the molecule, figure 2.12. The structure of chaetomugilin D can be found in 

figure 2.10.  



50 

 

Table 2.1: 
1
H (400 MHz) and 

13
C NMR (100 MHz) data for chaetoglobosin A (2.1), F (2.2) and C (2.3). 

 (2.1), CD3CN (2.2), CDCl3 (2.3), CD3OD 

Position δC, type δH (J,  Hz)  δC, type δH (J,  Hz)  δC, type δH (J, Hz)  

1 173.9, C  174.8, C  173.8, C  

2  6.65, s  6.08, s   

3 53.2, CH 3.80, m 52.5, CH 3.75, m 52.3, CH 3.80, m 

4 47.5, CH 2.73, o 49.4, CH 2.66, m 48.4, CH 2.82, m 

5 37.1, CH 1.71, dq (5.5, 7.2) 36.4, CH 1.80, m 36.1, CH 1.82, m 

6 58.4, C  57.4, C  56.6, C  

7 62.7, CH 2.70, d (5.2) 61.8, CH 2.82, d (5.7) 60.3, CH 2.68, d (5.7) 

8 48.7, CH 2.08, dd (5.2, 9.7) 48.4, CH 2.26, dd (5.7, 10.0) 48.4, CH 2.26 (5.6, 10.0) 

9 64.0, C  64.5, C  62.2, C  

10 33.5, CH2 2.73, o 34.5, CH2 2.64, m 39.5, CH2 2.68, m 

11 13.1, CH3 1.19, s 12.8, CH3 1.19, s 9.9, CH3 1.24, s 

12 19.6, CH3 0.97, d (7.2) 19.5, CH3 1.11, d (7.2) 19.3, CH3 1.11, d (7.3) 

13 129.0, CH 6.05, ddd (1.8, 9.6, 15.5) 128.7, CH 6.35, ddd (2.0, 9.8, 15.2) 127.0, CH 6.06, dd (10.1, 15.4) 

14 134.2, CH 5.17, ddd (3.6, 10.2, 15.5) 133.5, CH 5.24, m 133.1, CH 5.03, m 

15 41.8, CH2 1.93, m 41.1, CH2 2.05, m 32.6, CH2  

  2.22, m  2.40, m   

16 32.8, CH 2.48, m 33.3, CH 2.74, m 37.0, CH 2.72, m 

17 140.2, CH 5.45, dd (1.7, 9.5) 149.5, CH 6.11, d (9.0) 155.8, CH 5.92, d (9.6) 

18 130.0, C  127.0, C  130.9, C  

19 82.7, CH 4.88, s 203.5, C  196.1, C  

20 201.8, C  71.8, CH 4.68, t (4.7) 205.2, C  

21 133.5, CH 6.35, d (16.5) 31.5, CH2 1.70, m 31.9, CH2 2.22, m 

    1.82, m  2.40, m 

22 136.3, CH 7.40, d (16.5) 38.1, CH2 2.44, m 31.9, CH2 2.44, m 

    2.88, m  2.81, dd (3.54, 15.5) 

23 198.9, C  208.3, C  208.1, C  

1’  9.15, s  8.46, s   

2’ 125.1, CH 6.98, d (2.4) 123.3, CH 6.98, d (2.2) 125.1, CH 7.02, s 

3’ 110.4, C  110.4, C  108.0, C  

4’ 119.3, CH 7.49, d (7.8) 118.2, CH 7.49, d (7.8) 118.3, CH 7.54, d (8.0) 

5’ 119.9, CH 7.02, m 119.9, CH 7.14, m 118.6, CH 7.06, m 

6’ 122.3, CH 7.07, m  122.4, CH 7.20, m 120.9, CH 7.12, m 

7’ 112.3, CH 7.33, d (8.0) 111.5, CH 7.37, d (8.1) 111.3, CH 7.33, d (8.1) 

16’ 21.1, CH3 0.95, d (6.4) 19.9, CH3  1.02, d (6.5)  19.1, CH3 0.99, d (6.63) 

18’ 10.7, CH3 1.28, s 12.2, CH3 1.81, s 12.3, CH3 1.74, s 

3a’ 128.6, C  134.2, C  127.6, C  

7a’ 137.3, C  136.2, C  135.8, C  
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Figure 2.10: Structure of chaetomugilin D (2.4). 

 

Table 2.2: 
1
H (400 MHz) and 

13
C NMR (100 MHz) data for chaetomugilin D (2.4) in CD3CN. 

 

 (2.4) 

Position δC, type δH (J,  Hz)  
1 146.3, CH 7.30, s 

3 158.3, C  

4 105.4, CH 6.60, s 

4a 140.7, C  

5 110.8, C  

6 188.9, C  

7 84.1, C  

8 50.1, CH 3.20, d (10.5) 

8a 115.3, C  

9 121.2, CH 6.22, d (15.8) 

10 146.6, CH 6.54, dd (8.0, 15.8) 

11 39.3, CH 2.27, m 

12 29.7, CH2 1.43, m 

13 11.9, CH3 0.89, t (7.4) 

7-CH3 23.2, CH3 1.29, s 

11- CH3 19.5, CH3 1.06, d (6.7) 

1’ 170.7, C  

2’ 59.1, CH 2.88, d (10.5) 

3’ 104.7, C  

4’ 46.1, CH 1.80, dq (6.4, 10.2) 

5’ 77.2, CH 4.33, dq (6.9, 10.2) 

6’ 18.6, CH3 1.32, d (6.9) 

4’-CH3 8.9, CH3 1.04, d (6.4) 

 

 

Chaetoviridin A (2.5); optically active yellow gum; [α]D +80 (c 0.01, MeOH) [+98 (c 0.05, 

CHCl3), Takahashi et al. 1990]; UV (MeOH)/nm λmax (log ε) 370 (3.81) and 320 (3.81); 

HRESIMS m/z 433.1437 [M+H]
+
 (calculated for C23H26O6Cl, 433.1418); 

1
H and 

13
C NMR data 
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was consistent with published data (Takahashi et al. 1990) and are reported in table 2.3. An 

approximate 3:1 peak ratio of [M+H]
+
:[M+H+2]

+
 was also observed indicating the presence of a 

single chlorine atom in the molecule. The structure of chaetoviridin A can be found in figure 

2.11. 

 

 

Figure 2.11: Structure of chaetoviridin A (2.5). 

 

Table 2.3: 
1
H (400 MHz) and 

13
C NMR (100 MHz) data for chaetoviridin A (2.5) in CD3CN. 

 

 (2.5) 

Position δC, type δH (J, Hz)  
1 152.0, CH 8.59, s 

3 158.2, C  

4 105.9, CH 6.66, s 

4a 141.4, C  

5 108.7, C  

6 184.3, C  

7 88.3, C  

8 162.2, C  

8a 111.3, C  

9 120.8, CH 6.25, d (15.4) 

10 148.2, CH 6.65, dd (7.1, 15.6) 

11 39.5, CH 2.29, m 

12 29.6, CH2 1.43, m 

13 11.9, CH3 0.89, t (7.4) 

7-CH3 25.7, CH3 1.63, s 

11- CH3 19.3, CH3 1.08, d (7.0) 

1’ 169.1, C  

2’ 126.7, C  

3’ 104.7, C  

4’ 51.8, CH 3.48, p (7.0) 

5’ 70.8, CH 3.69, p (6.4) 

6’ 21.4, CH3 1.06, d (6.4) 

4’-CH3 12.9, CH3 1.04, d (7.0) 
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Figure 2.12: HRESIMS spectra of compounds 2.1 (A) and 2.4 (B) in positive mode. The 

[M+H]
+
 of each secondary metabolite is visualized to show the isotopic peak profile. 

 

 

Quantification of Major Secondary Metabolites 

 

The major metabolites quantified in the filtrate and mycelial extracts were chaetoglobosin A, 

chaetoglobosin F, chaetoglobosin C, chaetomugilin D, and chaetoviridin A (Table 2.4). Figure 

2.13 shows a characteristic HPLC chromatogram from strain DAOM 240349 at 254 and 400 nm 

identifying each of the major metabolites. For quantification of metabolites, results are reported 

as the mean of three fermentations in Roux bottles normalized for mycelial mass. 

 

The standard curves for each major metabolite were plotted as peak area counts versus the 

amount (mg) of compound on the column. The standard curves generated from the gradient 

elution program for chaetoglobosin A, chaetoglobosin F, chaetoglobosin C, chaetomugilin D, 
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and chaetoviridin A each showed a linear relationship over the entire concentration range with R
2
 

values of 0.99, 1.00, 0.99, 0.99, and 0.99 respectfully. The calibration curves of chaetoglobosin 

A and chaetomugilin D are displayed in figure 2.14. Using the standard curves, the recovery 

from spiked medium for chaetoglobosin A was 78.5 ± 5.9 %, and, for chaetomugilin D 80.7 ± 

8.1%. The limits of detection were: for chaetoglobosin A and F and chaetoviridin A, 10 ng; 

chaetoglobosin C, 100 ng; chaetomugilin D, 1 ng and the corresponding limits of quantification 

were 15 ng, 15 ng, 20 ng, 150 ng and 3 ng. When all C. globosum strains were screened, the 

major metabolites observed in the filtrate extracts were chaetoglobosin A, chaetoglobosin F, 

chaetoglobosin C, chaetomugilin D, and chaetoviridin A (Table 2.4). Yields varied but the 

amounts of toxins other than chaetoviridin A were generally similar. Eight strains produced only 

trace amounts of chaetoviridin A. There was no evidence of chemotypes in the strains using 

cluster analysis with the Ward linkage method (SYSTAT v. 13). The same metabolites were 

retained in the mycelia at about 50% of the normalized values for liquid culture (Table 2.4). 

Chaetoviridin A was not observed in the mycelium and a number of strains only produced trace 

amounts.  
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Table 2.4: Metabolite production by Canadian strains of C. globosum in the filtrate and mycelium extracts (mg l
-1

 g dry mycelium
-2

)
 a
. 

Strain
 

Filtrate Mycelium 
 (2.1) (2.2) (2.3) (2.4) (2.5) (2.1) (2.2) (2.3) (2.4) 

224120
 

7.84 ± 1.77 9.70 ± 0.37 3.24 ± 1.02 1.03 ± 0 .68 - 0.54 ± 0.18 0.86 ± 0.28 1.61 ± 0.52 0.01 ± 0.002 

234120 16.50 ± 2.90 13.32 ± 2.80 6.11 ± 1.58 0.44 ± 0.18 0.12 ± 0.06 6.57 ± 0.74 1.90 ± 0.25 6.61 ± 0.80 - 

240348 11.66 ± 2.60 9.88 ± 3.13 11.54 ± 4.78 0.58 ± 0.08 0.04 ± 0.02 3.76 ± 0.96 1.66 ± 0.44 5.34 ± 1.58 0.05 ± 0.02 

240349 25.69 ± 2.34 6.39 ± 0.49 9.88 ± 1.41 2.69 ± 0.36 0.56 ± 0.09 4.07 ± 1.03 1.40 ± 0.25 3.22 ± 0.54 - 

240350 15.57 ± 1.19 4.21 ± 1.36 5.86 ± 1.14 1.05 ± 0.17 0.30 ± 0.09 6.38 ± 0.47 2.11 ± 0.33 12.48 ± 0.91 - 

240351 2.48 ± 0.07 6.28 ± 1.56 1.20 ± 0.10 1.64 ± 0.21 0.90 ± 0.20 0.10 ± 0.005 0.59 ± 0.01 0.72 ± 0.02 0.05 ± 0.002 

240352 8.12 ± 2.73 8.98 ± 0.64 6.63 ± 3.38 1.25 ± 0.25 1.55 ± 1.20 2.07 ± 0.23 0.83 ± 0.11 3.63 ± 0.41 0.33 ± 0.05 

240353 10.45 ± 1.59 9.97 ± 0.44 5.84 ± 0.85 1.09 ± 0.44 0.32 ± 0.17 7.85 ± 1.03 2.38 ± 0.24 5.43 ± 0.34 - 

240354 2.20 ± 0.61 3.97 ± 0.55 1.82 ± 0.33 1.40 ± 0.03 1.84 ± 0.78 0.35 ± 0.03 0.34 ± 0.03 0.87 ± 0.07 0.03 ± 0.005 

240355 4.47 ± 0.36 4.26 ± 0.07 6.13 ± 0.20 1.68 ± 0.04 1.19 ± 0.12 9.97 ± 0.29 1.71 ± 0.19 16.43 ± 0.94 - 

240356 11.33 ± 2.21 8.06 ± 1.36 8.87 ± 2.66 0.92 ± 0.64 1.14 ± 1.10 4.30 ± 0.50 2.10 ± 0.20 9.43 ± 0.80 0.13 ± 0.006 

240357 1.67 ± 0.27 3.13 ± 1.04 4.41 ± 1.26 1.91 ± 0.04 - 1.88 ± 0.21 1.72 ± 0.15 4.73 ± 0.42 - 

240358 2.28 ± 1.05 2.79 ± 0.14 0.96 ± 0.22 0.12 ± 0.04 - 1.81 ± 063 0.39 ± 0.06 0.84 ± 0.45 - 

240359 3.44 ± 1.06 1.10 ± 0.48 1.41 ± 0.30 1.32 ± 0.07 2.02 ± 0.65 2.40 ± 1.42 0.30 ± 0.13 1.01 ± 0.51 0.36  ± 0.13 

242036 7.59 ± 1.25 12.81 ± 1.09 7.99 ± 2.18 0.56 ± 0.13 0.39 ± 0.15 5.74 ± 0.21 4.06 ± 0.37 8.37 ± 0.37 - 

242037 9.80 ± 1.13 7.71 ± 0.60 5.50 ± 0.39 0.50 ± 0.34 - 7.45 ± 1.64 1.38 ± 0.30 5.14 ± 1.49 0.03 ± 0.02 

242038 7.98 ± 0.79 12.58 ± 2.56 8.63 ± 0.77 1.61 ± 0.43 1.19 ± 0.59 2.44 ± 0.10 2.10 ± 0.09 5.45 ± 0.29 - 

242039 4.24 ± 1.30 10.65 ± 0.82 4.06 ± 1.92 1.55 ± 0.82 5.82 ± 2.09 0.60 ± 0.11 1.45 ± 0.23 3.21 ± 0.32 0.37 ± 0.02 

242040 5.41 ± 1.05 5.66 ± 0.35 2.13 ± 0.14 1.14 ± 0.11 0.52 ± 0.35 1.29 ±0.14 0.36 ± 0.06 0.90 ± 0.09 0.04 ± 0.006 

242041 1.04 ± 0.04 4.25 ± 1.02 7.99 ± 0.66 2.93 ± 0.19 - 0.98 ± 0.10 1.06 ± 0.06 3.02 ± 0.24 0.42 ± 0.02 

242042 4.09 ± 0.83 2.56 ± 0.16 1.98 ± 0.25 0.99 ± 0.48 1.06 ± 0.28 0.70 ± 0.26 0.17 ± 0.08 0.51 ± 0.02 0.08 ± 0.03 

242043 9.93 ± 3.10 12.08 ± 3.53 8.36 ± 3.36 1.19 ± 0.83 0.93 ± 0.62 2.24 ± 0.37 2.40 ± 0.43 7.32 ± 1.23 0.47 ± 0.09 

242044 11.99 ± 2.04 4.26 ± 0.81 5.41 ± 1.47 0.14 ± 0.06 - 13.08 ± 1.07 1.76 ± 0.27 11.70 ± 1.81 - 

7142
b 

8.39 ± 2.75 10.49 ± 2.98 5.32 ± 1.75 1.11 ± 0.54 0.26 ± 0.15 3.06 ± 0.31 0.72 ± 0.12 1.85 ± 0.29 0.04 ± 0.01 

7773
b 

4.05 ± 0.65 6.15 ± 0.60 2.39 ± 0.29 0.84 ± 0.32 0.14 ± 0.05 0.10 ± 0.04 0.72 ± 0.26 0.99 ± 0.35 0.01 ± 0.002 

          

Mean 7.93 ± 1.43 7.24 ± 1.16 5.35 ± 1.29 1.18 ± 0.30 1.07 ± 0.46 3.59 ± 0.48 1.38 ± 0.20 4.83 ± 0.59 0.16 ± 0.04 

a. mean of three replicate fermentations 

b. UAMH, all other strains deposited with DAOM 

- Below limit of detection. 
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Figure 2.13: HPLC chromatogram of C. globosum DAOM 240349 filtrate extract at 254 nm (a) 

and 400 nm (b) with associated UV spectra (200-600nm) of major metabolites. 

 

 

 

 

 

Figure 2.14: Calibration plots for chaetoglobosin A (2.1) and chaetomugilin D (2.4). 
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Structural Characterization of New Azaphilones from C. globosum DAOM 240359 

 

Compound 2.6 was isolated as an optically active dark red gum with the molecular formula 

C25H30NO6Cl determined by the HRESIMS in positive mode at m/z 476.1847 [M+H]
 +

. A 3:1 

isotopic peak ratio for [M+H]
+
:[M+H+2]

+
 was observed indicating the presence of a single 

chlorine in the molecule. The odd molecular weight in addition to the interpretation of the 
13

C 

and 
1
H NMR spectra suggest the presence of a single nitrogen atom and eleven units of 

unsaturation attributed to three rings and eight double bonds. 

 

The 
1
H spectrum indicated the presence of four aliphatic methyl groups at δ 0.91 (t, J=7.5), δ 

1.03 (d, 7.0), δ 1.09 (d, J=6.7), δ 1.11 (d, J=6.4), a downfield tertiary methyl at δ 1.67, a 

multiplet methylene at δ 1.47 and a multiplet methine at δ 2.33.  Two methines were observed at 

δ 3.51 (p, J=6.4/7.0) and δ 3.95 (p, J=6.4/7.0) suggesting they were vicinal. Two additional 

substituted methylenes that were not observed in the 
1
H spectrum of chaetoviridin A (2.5) 

appeared at δ 3.75 (t, J= 5.1) and δ 4.08 (m).  Two proton signals at δ 6.44 (d, J=15.4) and δ 6.49 

(dd, J= 6.2, 15.4) illustrate a trans-olefinic group due their chemical shifts and large coupling 

constants. Two unsaturated proton singlets at δ 6.99 and δ 7.92 are similar to those of 

chaetoviridin A (2.5) but chemical shift differences suggested the nitrogen at position 2 instead 

of an oxygen.  

 

The 
13

C spectrum displayed twenty five carbon signals of which ten were quaternary which is 

indicative of a highly conjugated, planar structure. These signals were a result of a chlorine 

bearing carbon at δ 95.3, three carbonyls at δ 171.0, δ 193.4, and δ 201.1, an oxygenated carbon 

at δ 87.7, and five conjugated sp
2
 carbons at δ 109.0, δ 116.6, δ 145.7, δ 151.2, and δ 165.5. 
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These data are similar to that of chaetoviridin A (2.5) reported by Takahashi et al. (1990) but 

again chemical shift differences suggests that the lone nitrogen atom occurs at position 2. 

 

Analysis of the COSY, HSQC, and HMBC identified the 3-methyl-1-pentenyl and 2-butanol-3-

yl moieties as in chaetoviridin A (2.5). The HMBC correlation between H-9 and C-3 attaches the 

3-methyl-1-pentyl chain to C-3.  HMBC correlations to C-3’ from H-4’, H-4’-Me, and H-5’ 

attaches the 2-butanol-3-yl substituent to the conjugated carbonyl.  The COSY spectrum showed 

that the two substituted methylenes (δ 3.75 and δ 4.08) not present in chaetoviridin A (2.5) are 

vicinal and an HMBC correlation from H-1 to C-1”  indicates the nitrogen occupies position 2 

and bears a hydroxy ethyl group analogous to isochromophilone VI (Arai et al. 1995).
 
The 

1
H 

and 
13

C assignments of 2.6 are reported in table 2.5 and observed COSY and HMBC correlations 

are illustrated in figure 2.16. 

 

The structure of 2.6 was established as a N-2- hydroxy ethyl derivative of chaetoviridin A. The 

optical rotation of 2.6, [α]D -40 (c 0.01, MeOH), has the opposite sign compared to chaetoviridin 

A (2.5) isolated here, [α]D 80 (c 0.01, MeOH), and reported by Takahashi et al. (1990), ([α]D 98, 

c 0.05), suggesting a change in stereochemistry. The stereochemistry of the C-7 and C-11 methyl 

moieties were both determined to be of the (S) configuration by Takahashi et al. (1990) and later 

confirmed by X-ray crystallography (Borges et al. 2011). 

 

Comparison of our 
1
H, 

13
C (Table 2.5) and NOE data for compounds 2.5 and 2.6 demonstrate the 

same (S) configuration at these two stereocenters. A strong NOE correlation between H-9/H-11 

and a weak correlation between H-9/H-11-Me in both compounds 2.5 and 2.6 also confirms the 
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stereochemistry at C-11 as (S), consistent with reported chaetovirdins (Takahashi et al. 1990),
 

chaetomugilins (Muroga et al. 2009; Yasuhide et al. 2008) and isochromophilones (Arai et al. 

1995). Germain et al. (2011) who examined stereoselective synthesis of sclerotiorin compounds 

at the C-7 position showed that a nitrogen bearing a non-chiral moiety does not affect the sign of 

the optical rotation. Together, this data suggests that the difference in stereochemistry accounting 

 

Figure 2.15: Structure of 4’-epi-N-2-hydroxyethyl-azachaetoviridin A (2.6). 

Table 2.5: 
1
H (400 MHz) and 

13
C NMR (100 MHz) data for 2.6 in CD3CN. 

 

 

 (2.6) 

Position δC, type δH (J, Hz)  
1 143.2, CH 7.92, s 

3 151.2, C  

4 113.0, CH 6.99, s 

4a 145.7, C  

5 95.3, C  

6 193.4, C  

7 87.7, C  

8 165.5, C  

8a 116.6, C  

9 121.1, CH 6.44, d (15.4) 

10 150.5, CH 6.49, dd (6.2, 15.5) 

11 40.0, CH 2.33, m 

12 29.6, CH2 1.47, m 

13 12.0, CH3 0.91, t (7.5) 

7-CH3 30.0, CH3 1.67, s 

11- CH3 19.5, CH3 1.09, d (6.7) 

1’ 171.0, C  

2’ 109.0, C  

3’ 201.1, C  

4’ 52.5, CH 3.51, p (6.4, 7.0) 

5’ 69.7, CH 3.69, p (6.4, 7.0) 

6’ 20.6, CH3 1.11, d (6.4) 

4’-CH3 12.5, CH3 1.02, d (7.0) 

1’’ 57.2, CH2 4.08, m 

2’’ 60.5, CH2 3.75, t (5.1) 



60 

 

for the opposite sign of the optical rotation between 2.5 and 2.6 is attributed to the 2-butanol-3-yl 

moiety. A difference was observed between the H-5’ chemical shifts of 2.5 (δ 3.69) and 2.6 (δ 

3.95). Comparison of chemical shifts for positions C-4’, C-5’, and C-6’ of compound 2.6 to that 

of chaetoviridin A, 4’-epi-chaetoviridin A, and 5’-epi-chaetoviridin A as reported by Borges et 

al. (2011) suggests the (R) configuration for position C-5’. NOE correlations were observed 

between H-4’/H-6’ and H-4’-Me/H-5’ but no NOE was observed between H-4’ and H-5’ that is 

consistent with data for 4’-epi-chaetoviridin A indicating the stereochemistry at C-4’ and C5’ are 

(R) and (R) respectively for 2.6.  Furthermore, invoking a hydrogen bond stabilization between 

the C-3’ carbonyl and 5’ hydroxyl confirms the observed NOE’s and the coupling constant 

between H-4’ and H-5’ of 7.0 Hz. A similar argument was utilized by Takahashi et al. (1990) to 

establish the stereochemistry of C-4’ and C-5’ as (S) and (R) respectively of chaetoviridin A.  

The single point stereochemical difference at position C-4’ accounts for the opposite sign of the 

optical rotation compared to chaetoviridin A. Thus, the structure of 2.6 was established as 4’-epi-

N-2-hydroxyethyl-azachaetoviridin A, figure 2.15. 

 

 

 

Figure 2.16: Observed COSY and key HMBC correlations for compound 2.6. 
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4’-epi-N-2-hydroxyethyl-azachaetoviridin A (2.6); 4.1 mg; optically active red gum; [α]D -40 (c 

0.01, MeOH); UV (MeOH)/nm λmax (log ε) 267 (4.22), 435 (3.98), 515 (4.01); HRESIMS m/z 

476.1847 [M+H]
+
 (calculated for C25H31NO6Cl, 476.1840). 

1
Hand 

13
C NMR data and are 

reported in table 2.5. The structure of 2.6 can be found in figure 2.15. 

 

Compound 2.7 was isolated as an optically active orange gum with the molecular formula 

C27H30NO6Cl determined from the HRESI-MS in positive mode at m/z 500.1867 [M+H]
 +

.  A 

similar 3:1 isotopic peak ratio was observed and the odd molecular weight suggests a single 

chlorine and nitrogen in the molecule. The thirteen units of unsaturation were attributed to ten 

double bonds and three rings indicating two additional double bonds compared to compound 2.6 

plus the addition of two carbon atoms. 

 

The 
1
H spectrum displayed many of the features of compound 2.7 including two aliphatic methyl 

groups at δ 0.95 (t, J=7.5), δ 1.14 (d, J=7.0), a tertiary methyl at δ 1.65, a multiplet methylene at 

δ 1.50, and a multiplet methine at δ 2.38.  The proton singlets at δ 7.02, δ 7.89 as well as the two 

proton signals at δ 6.51 (dd, J=7.6, 15.5) and δ 6.64 (d, J=15.5) that are similar to compounds 2.6 

and chaetoviridin A (2.5) indicate the same chlorinated, conjugated lactone structure with a 9, 10 

trans double bond. In contrast to 2.6, two downfield methyl groups at δ 1.86 and δ 1.87 (d, 

J=6.7) as well as a quartet methine at δ 6.60 (q, J=6.8) identify a 2-butene-3-yl moiety as 

observed in chaetoviridin E (Phonkerd et al. 2008). Finally, three vicinal methylene groups were 

observed at δ 4.12, δ 2.00, and δ 2.36 suggesting a structurally different chain from the N-2 

position compared to the hydroxyethyl moiety observed in compound 2.6. 
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The 
13

C spectrum of 2.7 was similar to that of 2.6 (refer to Table 2.6 and 2.5 respectively) 

however two additional resonances were observed including a carboxylic acid functionality at δ 

176.3 and methylene at δ 31.4. A new carbon double bond was observed at δ 139.1 and δ 147.5, 

concomitant with the absence of the C-4’ and C-5’ methines of 2.6. The C-2” of 2.6 at δ 60.5 has 

been replaced by a methylene at δ 26.6 indicating the loss of the hydroxy group at this position.  

 

Analysis of the COSY, HSQC and HMBC revealed the same core structure as 2.6 but with 

differences in the N-2 and C-3’ conjugated carbonyl side chains. COSY correlations from H-2” 

to H-1” and H-3” as well as HMBC correlations from H-2” and H-3” to the carboxylic acid C-4” 

(δ 176.3) establishes the N-2 side chain as gamma butyric acid. HMBC correlations between C-

4’-Me singlet (δ 1.86) to 
13

C resonances at δ 192.1, δ 139.1, and δ 147.5 as well as between the 

methyl doublet at δ 1.87 to δ 139.1 and δ 147.5 establishes a 2-butene-3-yl function at C-3’. This 

represents a beta oxidation at the C-4’, C-5’ over 2.6 as seen in chaetoviridin E (Phonkerd et al. 

2008). 

   

NOE correlations between H-9/H-11, H-9/H-11-Me and H-10/H-12 establish the stereochemistry 

at the C-11 position as (S) as in 2.5 and 2.6. Absence of an NOE between H-4’-Me and H-5’ as 

well as similar chemical shifts indicates the configuration of the double bond as (E) as in 

chaetoviridin E.  The 4’ and 6’ methyl moieties are too close in chemical shift to observe the 

confirming NOE.  Additional NOE correlations between H-1/H-1” and H-2”/H-9 indicate 

interactions between the planar pyrano quinone core and the flexible side chain off the nitrogen, 

which was also observed in 2.6. The optical rotation of 2.7, [α]D -80 (c 0.01, MeOH),  is of the 
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same sign as chaetoviridin E, [α]D -385 (c 0.02, CHCl3)
 
(Phonkerd et al. 2008), establishing the 

structure of 2.7 as N-2-butyric-azochaetoviridin E.   

 

N-2-butyric-azochaetoviridin E (2.7); 6.1 mg; optically active orange gum; [α]D -80 (c 0.01, 

MeOH); UV (MeOH)/nm λmax (log ε) 238 (2.66), 294 (2.48), 348 (2.54), 390 (1.77), 472 (0.41); 

HRESIMS m/z 500.1867 [M+H]
+
 (calculated for C27H31NO6Cl:  500.1840). 

1
Hand 

13
C NMR 

data and are reported in table 2.6. The structure of 2.7 can be found in figure 2.17. 

 

 

Figure 2.17: Structure of N-2-butyric-azochaetoviridin E (2.7). 

 

Compound 2.8 was isolated as an optically active orange gum with the molecular formula 

C18H22NO4Cl determined by HRESI-MS at m/z 352.1379 [M+H]
 +

. Again, the 3:1 isotopic ratio 

of [M+H]
+
:[M+H+2]

+
 was observed in the mass spectrum and the odd molecular weight 

suggested the presence a single chlorine and nitrogen in the molecule. The eight units of 

unsaturation calculated from the molecular formula were a result of six double bonds and two 

rings indicating a planar, isochromophilone structure (Arai et al. 1995).
 

 

The 
1
H spectrum of 2.8 showed characteristic chemical shifts of the pyrano quinone structure as 

in 2.4-2.7. Two vicinal substituted methylene signals at δ 3.76 (t, J=5.2) and δ 4.06 (t, J=5.2) 

were observed as in 2.6 identifying the same N-2-hydroxy ethyl side chain.  The 
13

C spectrum 
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Table 2.6: 
1
H (400 MHz) and 

13
C NMR (100 MHz) data for 2.7 in CD3OD. 

 

 (2.7) 

Position δC, type δH (J, Hz)  
1 140.3, CH 7.89, s 

3 151.1, C  

4 111.9, CH 7.02, s 

4a 148.2, C  

5 99.4, C  

6 182.0, C  

7 89.9, C  

8 164.3, C  

8a 113.8, C  

9 121.2, CH 6.64, d (15.3) 

10 151.2, CH 6.51, dd (7.6, 15.5) 

11 40.6, CH 2.38, m 

12 30.2, CH2 1.50, m 

13 12.2, CH3 0.95, t (7.5) 

7-CH3 26.4, CH3 1.65, s 

11- CH3 19.7, CH3 1.14, d (7.0) 

1’ 170.1, C  

2’ 125.7, C  

3’ 192.1, C  

4’ 139.1 C  

5’ 147.5, CH 6.60, q (6.8) 

6’ 15.3, CH3 1.87, d (6.7) 

4’-CH3 10.7, CH3 1.86, s 

1’’ 55.1, CH2 4.12, t (7.6) 

2’’ 26.6, CH2 2.00, m 

3’’ 31.4, CH2 2.36, t (5.6) 

4’’ 176.3, C  

 

 

also showed pyrano-quinone characteristic chemical shifts as in 2.4-2.7. The same carbon 

chemical shifts for the N-2-hydroxy ethyl side chain were also observed as in 2.6 (Table 2.5 and 

Table 2.7). Interpretation of the COSY, HSQC and HMBC spectra of 2.8 identified the same 3-

methyl-1-pentyl moiety present in other characterized azaphilones. No other aliphatic moieties 

were observed and the C-8 chemical shift of δ 197.8 indicates a ketone as opposed to the fused 

lactone ring observed in compounds 2.4-2.7 isolated from the same EtOAc filtrate extract. 

  

The stereochemistry at C-7 and C-11 were determined to be of the (S) configuration when 

comparing the optical rotation, [α]D -90 (c 0.2, MeOH), to that of compounds isolated here and to 
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the literature (Arai et al. 1995).  The negative value of the optical rotation is also consistent with 

Germain et al. (2011) who examined stereoselective synthesis of sclerotiorin compounds at the 

C-7 position.  Similar natural products where both C-11 and C-7 are (S) had a negative optical 

rotation; however, when C-7 was (R) the sign switched to positive with the same magnitude. 

This demonstrated that a nitrogen bearing, non-chiral moiety does not affect the sign of the 

optical rotation. The structure of 2.8 was determined to be (E)-5-chloro-7-hydroxy-2-(2-

hydroxyethyl)-7-methyl-3-(3-methylpent-1-en-1-yl)-isoquinoline-6, 8-(2H,7H)-dione but given 

the name isochromophilone XIII based on the pyrano quinone presence and the lack of fused 

lactone ring. 

 

Isochromophilone XIII (2.8); 9.8 mg; optically active orange gum; [α]D -90 (c 0.2, MeOH); UV 

(MeOH)/nm λmax (log ε) 204 (2.66), 277 (2.48), 379 (2.54), 463 (1.77); HRESIMS m/z 352.1379 

[M+H]
+
 (calculated for C18H23NO4Cl: 352.1316). 

1
Hand 

13
C NMR data and are reported in table 

2.7. The structure of 2.8 can be found in figure 2.18. 

 

 

 

 

Figure 2.18: Structure of Isochromophilone XIII (2.8). 
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Table 2.7: 
1
H (400 MHz) and 

13
C NMR (100 MHz) data for 2.8 in CD3CN. 

 

 (2.8) 

Position δC, type δH (J, Hz)  
1 142.7, CH 7.87, s 

3 150.7, C  

4 111.6, CH 6.94, s 

4a 147.7, C  

5 98.8, C  

6 187.7, C  

7 84.2, C  

8 197.8, C  

8a 116.2, C  

9 121.0, CH 6.43, d (15.5) 

10 149.9, CH 6.44, dd (6.1, 15.5) 

11 40.0, CH 2.32, m 

12 29.8, CH2 1.46, m 

13 12.0, CH3 0.91, t (7.4) 

7-CH3 29.4, CH3 1.43, s 

11- CH3 19.5, CH3 1.10, d (6.7) 

1’ 56.8, CH2 4.06, t (5.2) 

2’ 60.7, CH2 3.76, t (5.2) 

  

 

Antimicrobial activity of purified C. globosum metabolites  

 

In vitro, 200 µM of compounds 2.1, 2.2, 2.4, 2.7 and 2.8, respectively, resulted in significant 

reduction in the growth of the Gram positive bacterium Bacillus subtilis and the Gram negative 

bacterium Psuedomonas putida (ANOVA, Tukey’s Test, P < 0.05) (refer to Table 2.8). 

Additionally, 20 µM concentrations of compounds 2.1, 2.2, 2.4 and 2.7 reduced the growth of 

both species. 200 µM of 2.4 and 2.7, respectively, gave similar results compared to the same 

concentration of the positive control, chloramphenicol; whereas, the rest were less antibiotic. 200 

µM of compounds 2.1, 2.2 and 2.7 Saccharomyces cerevisiae. Compound 2.4 showed antifungal 

activity at 2 mM. Structurally diverse azaphilones have been shown to be inhibitors of acetyl-

CoA cholesterol acyltransferases, and here we demonstrate their antimicrobial properties. Of the 

new azaphilones tested for antimicrobial activities, compound 2.7 appears to be the most potent. 

2.6 could not be tested due to a lack of material since it readily degraded.  
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Table 2.8: Inhibition of B. subtilis, P. putida and S. cerevisiae by chaetoglobosins and 

azaphilones at 20 and 200 µM. 
a
 

 

+  inhibition; -  no inhibition 

 
a
 ANOVA, Tukey’s Test, P < 0.05) 

 

Taxonomic Significance 

 

This is the first comprehensive examination of metabolites produced by strains of C. globousm 

isolated from Canada buildings. The structures of chaetoglobosins and azaphilones isolated here 

were determined by high resolution mass spectrometry, NMR spectroscopy and comparison to 

the literature. Working with soil isolates from Nova Scotia, Brewer and Taylor (1978) reported 

chaetoglobosin A (2.1) and a number of other metabolites including chetomin, chaetocin and 

cochliodinol that were not found in these building-derived strains.  

 

Fogle et al. (2007) studied isolates of C. globosum from a number of commercial laboratories 

that provide analysis for indoor air investigations in the U.S.A. They reported that all isolates 

produced chaetoglobosin C and half produced chaetoglobosin A. The analysis was apparently 

done without authentic standards, both of which are commercially available, and was based on 

HPLC analysis and UV spectra for confirmation. Their C. globosum indoor isolates were grown 

on agar media prior to extraction for chaetoglobosin quantification. The use of agar media for 

metabolite screening can underestimate the toxigenic potential of fungi (Nielsen et al. 2006). It is 

likely that all of their isolates produced both A and C as is the case for our strains (Table 2.4) and 

the strains investigated by Nielsen et al. (1999).  

Compound (2.7) (2.8) (2.5) (2.4) (2.1) (2.2) 

Assay 20µM 200µM 20µM 200µM 20µM 200µM 20µM 200µM 20µM 200µM 20µM 200µM 

P. putida + + - + - + + + + + + + 

B. subtilis + + - + - + + + + + + + 

S cerevisiae - + - - - - - - - + - + 
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These strains appeared morphologically correct, had ITS sequences consistent with C. globosum 

from the NCBI database, produced predominantly chaetoglobosin A (2.1), chaetoglobosin F 

(2.2), chaetoglobosin C (2.3), chaetomugilin D (2.4) and chaetoviridin A (2.5) as well as other 

chaetoglobosins and azaphilones in minor amounts. All of the metabolites described here were 

also present in freeze dried media (data not shown). Few studies have reported both 

chaetoglobosins and azaphilones from C. globosum. 

 

Brewer et al. (1972) reported that their Canadian strains of C. globosum produced chetomin and 

chaetoglobosin A (2.1). Udegawa et al. (1978) did not find chetomin in their strains of C. 

globosum from Japan but did report it in the type strain of C. subglobosum Sergeeva ATCC 

14533 (CBS 149.60) isolated from dead plant material. The metabolite profiles reported here 

support the view of Asgari and Zare (2011) that this is likely a good species rather than 

conspecific with C. globosum.  

 

Brewer et al. (1968) reported that an American soil isolate of C. globosum (HLX 819) produced 

cochliodinol which our strains did not although the media used were similar. Cochliodinol is 

moderately antifungal and antibiotic but not cytotoxic and displayed no evident toxicity in 

turkeys and rats (Brewer et al. 1970). This metabolite was originally reported from C. cochliodes 

Palliser by Safe and Taylor (1972) and detected in additional Canadian strains of that species 

(Brewer et al. 1968) as well as C. elatum Kunz ex Fr. (Seitka et al. 1981). In reporting 

production of cochliodinol by C. globosum, Brewer et al. (1968) were unable to confirm the 

identity of the strain which was from Minnesota. It was received as a soil culture from Prof. 
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Mirocha and was sterile (Brewer et al. 1968). Based on this information and our data, it seems 

likely that the strain in question was misidentified. Recently, cochliodinol was identified in an 

extract of C. globosum when examining secondary metabolite profiles following disruption of 

transcriptional regulators (Nakazawa et al. 2013). The media and fermentation conditions used 

by these researchers were different than utilized here however they report the production of 

chaetoglobosin A (2.1), various chaetoviridins, 4’-epi-N-2-hydroxyethyl-azachaetoviridin A 

(2.6), aureonitol, another nitrogenated azaphilone and chaetoglobin A (Nakazawa et al. 2013).  

 

Chaetomugilin D was also detected from all strains I studied from damp building materials in 

Canada. This metabolite had previous been reported from a C. globosum strain isolated from the 

intestinal contents of Mugil cephalus caught off the coast of Japan (Yasuhide et al. 2008). 

Chaetomugilin metabolites are potently cytotoxic in many human immortalized cell lines 

(Muroga et al. 2009). While chaetomugilin D was originally characterized by Yasuhide et al. 

(2008), other reports addressing this metabolite convolute the literature.  Qin et al. (2009) 

incorrectly report the stereochemistry of C-11 as (R). The physical and spectroscopic data 

generated agreed with that of Yasuhide et al. (2008). Our strains also produced chaetoviridin A 

which was originally isolated from Chaetomium globosum var. flavor-viride Novak identified by 

Dr. Udegawa (Takahashi et al. 1990). Some strains produced modest amounts under our growth 

conditions which were quite different than those of Takahashi et al. (1990) who reported using a 

wheat extract. Chaetoviridin A is a moderate inhibitor of a cholesteryl ester transfer protein 

(Tomoda et al. 1999) and is potently antifungal (Park et al. 2005). 

All azaphilones isolated here had a chlorine atom at C-5 and conserved stereochemistry at the C-

7 and C-11 positions which is consistent with the literature. Additionally, all azaphilones 
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reported here had the same 3-methyl-1-pentyl chain attached to C-3 similar to known 

chaetomugilins and chaetoviridins (Muroga et al. 2009; Takahashi et al. 1990). Various chains 

branching from the C-3 position are possible including 3-methyl-4-hydroxy-1-pentyl chains 

observed in some chaetomugilins
 
(Muroga et al. 2009) and longer 3, 5-dimethyl-1,3-heptadienyl 

residue observed in some isochromophilones (Arai et al. 1995), luteusins, and sclerotiorin 

(Osmanova et al. 2010). The 3-methyl-4-hydroxy-1-pentyl chain appears prevalent in 

azaphilones produced by the Chaetomium genus. The latter appears to be more common in 

azaphilones produced by Penicillium species (Osmanova et al. 2010). Compound 2.6 was 

isolated as a nitrogenous derivative of chaetoviridin A (2.5) with an addition of an N-2 hydroxy 

ethyl chain at position 2 and the stereochemistry at the C-4’ position is (R) instead of (S). 

Isochromophilone XIII (2.8) had the same N-2-hydroxy ethyl moiety that is also present in 

isochromophilone VI
 
(Arai et al. 1995) and the cytotoxic chaetoglobin B (Ming et al. 2008). 

Compound 2.7 was isolated as a nitrogenated derivative of chaetoviridin E with a gamma-

aminobutyric acid (GABA) at position 2 as observed in isochromophilone IX (Michael et al. 

2003). These are the first reported azaphilones with the 3-methyl-1-pentyl and an N-2 side chain.  

Recently, a biosynthetic gene cluster (caz) was characterized in C. globosum that was 

demonstrated to yield both chaetomugilin and chaetoviridin azaphilones. The 65 kb cluster coded 

for both a reducing and non-reducing polyketide synthase, an acyltransferase, a halogenase, 

various regulatory and tailoring genes (Winter et al. 2012). 

 

Unlike some of the other toxins discussed above, chaetoglobosins are produced by several 

Chaetomium species (Brewer and Taylor 1978; Udagawa et al. 1978). Under the conditions we 

used, chaetoglobosins A, F and C were dominant in our strains of C. globosum although there 
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were other chaetoglobosins produced in minor amounts based on LC-UV-MS data. 

Chaetoglobosin A has low toxicity to mice (Ohtsubo et al. 1978) but is potently antifungal 

(Amemiya et al. 1994; Betina et al. 1972), antibacterial and cytotoxic (Betina et al. 1972; 

Scherlach et al. 2010; Umeda et al. 1975). 

 

Nielsen et al. (1999) examined mycotoxin production of European-derived molds on naturally 

and artificially infested building materials. Their C. globosum strains produced primarily 

chaetoglobosin A and C, as well as other chaetoglobosins and unidentified compounds.  An 

unidentified compound produced by five of six of their isolates appears to be chaetoviridin A by 

comparisons of the two sets of HPLC and UV data.  Chaetocin, chaetomin, or sterigmatocystin 

were not observed in the European extracts as well. Both Canadian and European strains of C. 

globosum produce both chaetoglobosins, of which some remain unidentified, and azaphilones 

when grown on building materials or in liquid culture validating in situ production indoors. 

 

In summary, a number of known C. globosum metabolites (2.1-2.5) including both 

chaetoglobosins and azaphilones, were isolated and quantified from strains obtained from 

Canadian building materials. Further, three new nitrogenous azaphilones (2.6-2.8) were also 

isolated and spectroscopically characterized. Of which, the newly isolated compounds, 2.6 and 

2.8, demonstrated antibiotic activity in an in vitro assay. From these data, we found no evidence 

of chemotypes within C. globosum. This information has been useful in the examination of older 

reports of metabolites from this genus and suggests that metabolite profiles would be a useful 

adjunct to future taxonomic studies of this genus in addition to molecular and morphological 

data. 
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EXPERIMENTAL 

 

C. globosum Cultures 

Chaetomium globosum isolates were obtained from Paracel Laboratories Ltd. (Ottawa, ON), 

Mycotaxon (Halifax, NS) and the Microfungus Collection and Herbarium from the University of 

Alberta (UAMH 7142, 7773). All strains were collected from indoor air samples or building 

materials from Ontario, Alberta, Saskatchewan, and Nova Scotia, Canada. Each of the strains 

from Ottawa came from different buildings in the National Capital Region (Table 2.9). Cultures 

were grown on malt extract agar, potato carrot agar, hay infusion agar and water agar overlaid 

with a sterile Whatman #1 filter paper and incubated in the dark for 3 weeks at 25°C. Ascocarps 

and ascospores were examined microscopically and were consistent with literature descriptions 

of this species (Domsch et al. 2007; Von Arx et al. 1986). DNA was extracted from the 

mycelium of each strain using an UltraClean DNA Isolation Kit (MO BIO Laboratories 12224-

250). PCR and sequencing was done by Laboratory Services, University of Guelph, Ontario. The 

PCR primers used were ITS-4 (5' TCC TCC GCT TAT TGA TAT GC 3') and ITS-1F (5' CTT 

GGT CAT TTA GAG GAA GTA A 3'). The PCR fragments were subsequently sequenced then 

aligned using MAFFT and compared to each other and the sequence of C. globosum using the 

BLASTN algorithm against the NCBI nucleotide collection database. The strains from Paracel 

were deposited in the National Mycological Herbarium, Ottawa; Table 2.9.  All strains were 

aseptically transferred to sterilized 2% malt extract (Difco) agar slants that were incubated at 

25
o
C until sufficient growth was observed. After this incubation period, the metal caps on the 

slants were sealed with Parafilm and stored at 4
o
C until further use. 
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Fermentation and Metabolite Screening 

A slant of each C. globosum strain was macerated in 40 mL of sterile distilled deionized water 

and a 5% (v/v) aliquot was utilized to inoculate three Roux bottles each containing 200 mL 

Czapek-Dox broth supplemented with 5% corn steep solids (30 g sucrose, 3g NaNO3, 1g 

K2HPO4, 0.5 g MgSO4, 0.5g KCl, 0.01g FeSO4, 5g corn steep solids (Fermtech) per liter of ultra-

pure water. The resulting cultures incubated for 4 weeks in darkness at 25
o
C. 

 

Table 2.9: C. globosum strains examined for metabolite production, fungal source and ITS 

Genbank accession number.  

 

Strain Source GenBank Accession  

DAOM 240348 Indoor air sample, Ottawa, ON, Canada JX130354 

DAOM 240349 Indoor air sample, Ottawa, ON, Canada JX130355 

DAOM 240350 Indoor air sample, Ottawa, ON, Canada JX130356 

DAOM 240351 Indoor air sample, Ottawa, ON, Canada JX130357 

DAOM 240352 Indoor air sample, Halifax, Canada JX130358 

DAOM 240353 Indoor air sample, Ottawa, ON, Canada JX130359 

DAOM 240354 Indoor air sample, Ottawa, ON, Canada JX130360 

DAOM 240355 Indoor air sample, Ottawa, ON, Canada  

DAOM 240356 Indoor air sample, Ottawa, ON, Canada JX130361 

DAOM 240357 Indoor air sample, Ottawa, ON, Canada JX130362 

DAOM 240358 Indoor air sample, Ottawa, ON, Canada JX130363 

DAOM 240359 Indoor air sample, Ottawa, ON, Canada JX130364 

UAMH 7142 Indoor air sample, Edmonton, AB, Canada JX130366 

UAMH 7773 Indoor air sample, Grimshaw, AB, Canada JX130367 

DAOM 234120 Indoor swab of building material, Guelph, ON, Canada JX130365 

DAOM 242036 Indoor air sample, Ottawa, ON, Canada JX130345 

DAOM 242037 Indoor swab of building material, Ottawa, ON, Canada JX130346 

DAOM 242038 Indoor air sample, Ottawa, ON, Canada JX130347 

DAOM 242039 Indoor air sample, Saskatoon, AB, Canada JX130348 

DAOM 242040 Indoor air sample, Ottawa, ON, Canada JX130349 

DAOM 242041 Indoor air sample, Saskatoon, AB, Canada JX130350 

DAOM 242042 Indoor air sample, Ottawa, ON, Canada JX130351 

DAOM 242043 Indoor air sample, Longueuil, QC, Canada JX130352 

DAOM 242044 Indoor air sample, Ottawa, ON, Canada JX130353 

 

 

After fermentation, the fungal filtrate was separated from the cells by vacuum filtration through a 

Whatman number 1 filter paper. The filtrate volumes and pH were recorded prior to being 
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extracted twice with equal volumes of ethyl acetate. The organic layers were pooled and filtered 

(Whatman number 1) through anhydrous Na2SO4, dried by rotary evaporation, re-dissolved in 

ethyl acetate and transferred to a vial where they were dried under a gentle stream of nitrogen to 

yield crude filtrate extracts.  The mycelium was wrapped in Aluminum foil, stored at -20
o
C 

overnight and freeze-dried.  The dried cells were weighed and extracted with ethyl acetate (100 

mL g
-1

 dry cells) overnight with constant stirring in darkness.  The mycelial extract was 

separated from the cells by filtering (Whatman number 4) and treated as previously described.  

Both crude filtrate and mycelial extracts for all strains were initially screened for metabolite 

production by TLC (0.2 mm silica gel 60 F254 pre-coated) using 10% (v/v) methanol in 

chloroform (MeOH-CHCl3). Plates were first visualized under both long (365nm) and short 

wavelength (254nm) light.  Subsequently, TLC plates were dipped in ceric ammonium 

molybdate stain (90 mL H2O, 10 mL H2SO4, 2.5 g ammonium molybdate, 1.0 g cerium (IV) 

sulfate) and dried with a heat gun until dark spots representing compounds were visible. 

Quantitative analysis of metabolites was performed using an Agilent 1100 series HPLC equipped 

with a quaternary pump and diode-array detector (Agilent, Mississauga, ON). Extracts were 

separated by a Phenomenex Gemini C18 (150 x 4.60mm, 3μm, 110 Å) column (Torrance, 

California) using a mobile phase consisting of acetonitrile-water (ACN- H2O) with 

trifluoroacetic acid (TFA); [0.05%, (v:v)]. The solvent gradient was linear programmed from 5 to 

100% acetonitrile over 13 minutes with a flow rate of 1.0 mL min
-1

. The detector was set to 210, 

254, and 400 nm for quantitative metabolite detection.  All extracts were dissolved in HPLC 

grade acetonitrile and filtered through a 13 mm PTFE (0.2μm) membrane prior to injection.   

 

 



75 

 

Metabolite Isolation 

 

Larger scale fermentations of a high metabolite producing strain were carried out to provide 

adequate amounts of compounds for structural elucidation, HPLC standards and toxicity 

experiments. DAOM 240349 was selected based on HPLC-DAD analysis and its large filtrate 

extract mass. Starter cultures (50 ml in 250 ml Erlenmeyer flasks) using the above media were 

inoculated and incubated as above. After sufficient growth of the starter cultures (approximately 

1 week); they were macerated and used to inoculate Glaxo bottles each containing one liter of the 

same media. The filtrates from Glaxo bottles were incubated and extracted using the previously 

described method for the Roux bottles.   

 

Purification of C. globosum metabolites was achieved by normal phase column chromatography 

followed by reverse phase semi preparative HPLC. Filtrate extracts were combined, dissolved in 

a minimal volume of CHCl3, and loaded onto a silica gel (40-63 µm) column. Metabolites were 

fractionated using a MeOH-CHCl3 gradient increasing from 0 to 10% MeOH in 1% increments.  

Column fractions were screened by TLC as described above and similar fractions were 

combined. Column fractions and isolated metabolites were further purified using a Phenomenex 

Luna C18 (250 x 10.00 mm, 5μm, 100 Å) column (Torrance, California) and a mobile phase 

consisting ACN- H2O. The gradient was linear programmed from 10 to 100 % ACN over 30 

minutes for column fraction cleanup and 15 minutes for additional compound purification with a 

flow rate of 4 mL min
-1

. HPLC fractions were dried by rotary evaporation and metabolites were 

stored dry in amber vials. 
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The dry crude fungal extract (1.2g) from 10 L was dissolved in a minimal amount of chloroform 

and chromatographed on a silica gel column using a CHCl3-MeOH (0 to 10% MeOH in 1% 

increments) gradient. Column fractions were screened by TLC (CHCl3: MeOH; 9:1) and similar 

fractions were combined and dried by rotary evaporation to yield a total of 12 fractions.  Column 

fractions of interest were further fractionated by semi preparative HPLC to yield pure 

metabolites. Fraction 4 (57 mg) was bright yellow, eluted in 1% MeOH, and afforded 2.5 

(chaetoviridin A; 5.7 mg) and chaetomugilin D (chaetomugilin D; 26.9 mg). Fraction 5 (112 mg) 

was light yellow, eluted in 1-2% MeOH and yielded 2.1 (chaetoglobosin A; 20.6 mg), 2.2 (9.6 

mg; chaetoglobosin F) and 2.3 (chaetoglobosin C; 1.8 mg). Numerous other chaetoglobosins 

were in this fraction in minor amounts based on UV and MS data. 8% MeOH was subdivided 

into fraction 8 (16 mg) and fraction 9 (53 mg). Fraction 8 was dark red and yielded 4’-epi-N-2-

hydroxyethyl-azachaetoviridin A (4.1 mg).  Fraction 9 was bright orange that provided N-2-

butyric-azochaetoviridin E (6.1 mg), isochromophilone XIII (9.8 mg), and other unidentified 

azaphilones in minor amounts. For semi-preparative HPLC, fractions containing azaphilones 

were dissolved in HPLC grade ACN whereas chaetoglobosin containing fractions were dissolved 

in HPLC grade MeOH.   

 

NMR, LC-MS, UV spectroscopy and Polarimetry 

 

Metabolite NMR spectra were obtained on a Bruker Avance 400 Spectrometer (Milton, On) at 

400.13 (
1
H) and 100 MHz (

13
C) using a 5 mm auto-tuning broadband probe with a Z-gradient.  

Secondary metabolites were dissolved in CD3CN (δH 1.94 and δC 118.7/1.39), CDCl3 (δH 7.24 

and δC 77.3) or CD3OD (δH 3.30 and δC 49.0) (CDN Isotopes, Point Claire, QC) and were 
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referenced to the solvent peak. Chemicals shifts were assigned based on 
1
H, 

13
C, 

1
H/

1
H 

correlation spectroscopy (COSY), heteronuclear single quantum coherence (HSQC), 

heteronuclear multiple bond correlation (HMBC), and distortionless enhancement by 

polarization transfer (DEPT-135) spectra utilizing standard Bruker pulse sequences. High 

resolution mass spectrometry data was acquired on a system equipped with an Agilent 1100 

binary pump connected to an Agilent G1969A LC/MSD TOF HRMS. Compounds were 

separated on a Phenomenex Zorbax C18 (50 x 3.0 mm, 1.8μm) column using a mobile phase 

consisting of ACN- H2O with formic acid (FA); [0.1%, (v:v)]. The gradient was linear 

programmed from 10 to 95% ACN over 4 minutes at a flow rate of 1 mL min
-1

.  The MS was 

operated in both positive and negative ion mode. UV spectra of all major metabolites were 

obtained using a Varian Cary 3 UV-visible spectrophotometer scanning from 190- 800 nm. 

Optical rotations were determined using an Autopol IV polarimeter (Rudolph Analytical, NJ).  

 

Calibration Plots and Recovery Studies 

 

Purified compounds were used to generate standard solutions in HPLC grade acetonitrile or 

methanol. A 5 mg mL
-1

 solution was prepared for chaetoglobosin F, chaetoglobosin A, 

chaetoglobosin C, chaetomugilin D and 1 mg mL
-1

 solution for chaetoviridin A.  A concentration 

range of 0.001-5 mg mL
-1 

and 0.0001-1 mg mL
-1

, respectively, were used for standard curves. 

This represents 0.01 to 50 µg and 0.001 and 10 µg compound on column. The calibration curves 

were plotted as compound peak area versus the amount of compound on column (mg) at λ=254 

nm for chaetoglobosins and λ= 400 nm for chaetomugilin D and chaetoviridin A.  
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For recovery studies, 50 mL sterile media was spiked with 1 and 10 µg of chaetoglobosin A and 

chaetomugilin D in triplicate. The spiked media was extracted, dried, and analyzed by HPLC-

DAD as described.  Peak identities were determined by retention time and UV full scan spectra 

and the recoveries were determined. Quantitative data are reported as mg compound L
-1

 g dry 

cell
-2

 to accommodate differential growth rates of each strain and blank media was used as a 

negative control. 

 

Antimicrobial Testing 

 

The purified compounds 2.1, 2.2, 2.4, 2.5, 2.7, 2.8 were tested for antimicrobial activity against 

Pseudomonas putida (ATCC 12633), Bacillus subtilus (ATCC 23857) and Saccharomyces 

cerevisae.  The bacteria were grown in 5 g L
-1

 yeast extract, 10 g L
-1

 peptone and 10 g L
-1

 NaCl. 

S. cerevisae was grown in 1g L
-1

 yeast extract supplemented with 10 g L
-1

 glucose. Compounds 

were dissolved in DMSO, individually tested at both 20 and 200 µM concentrations in 96 well 

microplates (Nunc-Immuno MaxiSorp). A 10 µL aliquot of each metabolite solution was added 

to 200 µL of bacterial and yeast suspension. Chloramphenicol (~200 µM) and nystatin (~200 

µM) were used as positive controls, respectively; whereas, DMSO was the negative control.  

Assays were performed in triplicate, incubated at 28
o
C with constant shaking (700 RPM), and 

optical density measurements were made at 600 nm with a Molecular Devices Spectra Max 

340PC reader (Sunnyvale, CA).  Readings were taken hourly for prokaryotes and every 6 hours 

for yeast. The data were analyzed by ANOVA followed by Tukey’s test (P < 0.05) for significant 

difference (Systat V13) compared to DMSO. 
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CHAPTER III 

 

 

ISOLATION AND STRUCTURAL ELUCIDATION OF SECONDARY METABOLITES 

FROM PENICILLIUM CORYLOPHILUM 
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INTRODUCTION 

 

Penicillium corylophilum Dierckx is found in soil, is somewhat xerophilic and prefers temperate 

climates. It is included in Raper and Thom’s P. citrinum series (Raper and Thom 1949) as well 

as Pitt’s series Citrina (Pitt 1979), however was removed from the Penicillium section Citrina by 

Houbraken et al. (2011) and moved to their section Exilicaulis. It is additionally not found in the 

related P. micznskii series by Christensen et al. (1999). This is not surprising as its morphology 

and secondary metabolite profiles are distinctly different compared to the tropical species 

included in those series. P. corylophilum has been reported to cause food spoilage on some low 

water activity foods like jams, high fat food commodities such as rapeseed or peanuts and is 

frequently found on cereals including barly, wheat and flour (Pitt and Hocking 2009). Samson et 

al. (2010) also reports it to grow on cereals, frozen fruit cakes, acid liquids and nuts mainly in 

temperate regions. When examining the fungal diversity associated with terrestrial plant and bird 

habitats in the Antarctic, P. corylophilum was the most dominant species encountered (McRae et 

al. 1999).  

 

Figure 3.1: P. corylophilum growing on 2% MEA. 
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P. corylophilum is surprisingly frequently isolated from damp building materials. In a 

compendium of fungi isolated from moldy building materials in the USA and Canada, P. 

corylophilum was common on paper faced gypsum wallboard and was also reported from fibrous 

insulation, wood and manufactured wood (Miller et al. 2008). It has additionally been reported as 

the most frequently encountered species, 27.8% (65/234), on water damaged building materials 

in Northern Europe (Lian et al. 2011). P. corylophilum was found primarily on plywood, 

woodchip, chipboard, gypsum board, insulator wool, and flooring materials in this study. This 

species comprised ~5% of the penicillia isolated from both damp buildings in Scandinavia and 

on indoor painted surfaces in Western Europe by Andersen et al. (2011) and Samson et al. 

(2010), respectively. It is also common in damp buildings in Japan (Ohnishi et al. 2002). In a 

study of moldy crawl spaces in Sweden, P. corylophilum was found to be dominant (Bok et al. 

2009). These studies suggest that P. corylophilum will be more frequently found growing in drier 

indoor environments where the temperature and relative humidity fluctuate. 

 

 

Figure 3.2: Structure of the iscohroman DHMI isolated from P. corylophilum and its synthetic 

derivative 8-methoxy-DHMI. 

 

 

In contrast to many other Penicillium species, there are few studies of secondary metabolites of 

P. corylophilum. Working with a soil isolate, Cutler et al. (1989) isolated 3,7-dimethyl-8-

hydroxy-6-methoxyisochroman (DHMI) that exhibited plant regulatory activity. DHMI’s 
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synthetic derivatives, DHMI-8-acetoxy and DHMI-8-methoxy, retained biological activity and 

were examined in a structure activity relationship study to determine their potential agrochemical 

applications (figure 3.2; Cutler et al. 1997). The isocoumarins, (+) orthosporin and 

citreoisocoumarinol, as well as the sesquiterpene phomenone were isolated from P. citreoviens, a 

synonym of P. corylophilum (IFO 6030 = CBS 320.59; Lai et al. 1991; Frisvad and Filtenborg 

1990). Their structures can be found in figure 3.3. Malmström et al. (2000) examined the HPLC 

chromatograms of ten P. corylophilum isolates. They were able to detect the two isocoumarins 

from all strains except two that were maintained too long in culture collections but could not 

confirm the presence of phomenone or furan-2-carboxylic acid in the extracts due to lack of 

reference material. 

 

Figure 3.3: Structure of the sesquiterpene phomenone and the isocoumarins (+)-orthosporin and 

citreoisocoumarinol reported from P. corylophilum. 

 

Decarestrictines A-D that in vivo inhibit cholesterol biosynthesis and the ergot alkaloid 

epoxyagroclavine-I were isolated from a Portuguese soil P. corylophilum isolate (Grabley et al. 

1992). More recently, an antibacterial compound, fumiquinozoline F, was characterized from the 

chloroform extract of a Brazilian soil P. corylophilum isolate (Silva et al. 2004) and the 

mycotoxin citrinin from an insect-derived strain (dos Santos et al. 2011). However, the fungal 

identifications for the previous chemical reports are somewhat dubious, see figure 3.4 for the 

structures of citrinin, epoxyagroclavine-I and decarestrictine D. Additionally, P. corylophilum 
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has long been known to produce allergens leading to the serious lung disease hypersensitivity 

pneumonititis (Kremer et al. 1989; Ohnishi et al. 2002; Unoura et al. 2011).  

 

 

 

 

Figure 3.4: Structures of citrinin, epoxyagroclavine-I and decarestrictine D previously reported 

to be produced by P. corylophilum. 
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RESULTS AND DISCUSSION 

 

P. corylophilum DAOM 242293 was isolated from a damp building in Nova Scotia and was 

grown in a culture conditions that favored metabolite production. The crude EtOAc extract was 

initially screened by LC-MS and NMR. The major components were purified from the crude 

extract by a combination of normal phase column chromatography, Sephadex LH20, and semi-

preparative reverse phase HPLC. Secondary metabolite structures were determined by analysis 

of NMR spectra, mass spectrometry, chemical derivatization, optical rotation, UV and 

comparisons to the literature. This investigation of P. corylophilum secondary metabolites is 

highlighted by the characterization of seven new compounds including four isochromans and 

three α-pyrones. Additionally, three koninginins were also isolated from the EtOAc filtrate 

extract. These metabolites have previously been only reported from the genus Trichoderma. Two 

known meroterpenoids and the sesquiterpene phomenone were also isolated. Previously reported 

metabolites (phomenone, meroterpenoids, koninginins) were obtained from the more non-polar 

fractions; whereas, the new isochromans and α-pyrones were predominantly isolated from the 

more polar silica gel column fractions. Metabolite production was examined from the additional 

eight indoor derived P. corylophilum strains. The fermentation, isolation, structural 

characterization and bioactivity of the isolated secondary metabolites are discussed here. 

 

Structural Elucidation of New Isochromans 

 

Compound 3.1 was isolated as a light brown oil with the molecular formula C17H24O7 

determined by high resolution ESI-MS in positive mode at m/z 323.1499 [M-H2O+H]
+
. The UV 

spectrum displayed absorption maxima at 250 and 307 nm. The 
1
H and 

13
C NMR spectra 
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revealed nineteen proton and seventeen carbon signals (Table 3.1). Examination of the mass 

spectrometry, NMR and UV data suggest an isochroman structure with six units of unsaturation 

that can be attributed to two rings and four double bonds.  

 

The 
1
H spectrum displayed six aliphatic methylenes between δ 1.27-1.57, unequivalent 

methylene signals at δ 2.46 (dd, J= 10.9, 16.8 Hz) and δ 2.55 (dd, J= 3.5, 16.8 Hz), an 

oxygenated methylene at δ 3.54 (t, J= 6.7 Hz) and methine at δ 4.04 (m), a hemiacetal methine at 

δ 5.49 (s), and an aromatic methine at δ 6.01 (s). Examination of the 
13

C and DEPT showed that 

six of the seventeen carbon signals were quaternary. These signals were a result of five aromatic 

carbons at δ 103.2, δ 112.7, δ 141.0, δ 161.0, δ 162.9, and a carbonyl at δ 177.9. 

 

 

 

Figure 3.5: Structure of (1S,3S)-1,6,8-trihydroxy-3-(7-hydroxyheptyl) isochroman-7-carboxylic 

acid (3.1). 

 

 

COSY correlations were observed from H-3 (δ 4.04) to H-4a (δ 2.55), H-4b (δ 2.46) and H-9 (δ 

1.57) with additional correlations sequentially from H-9 (δ 1.57) to H-15 (δ 3.54). An allylic 

coupling was observed between the aromatic H-5 (δ 6.01) proton and one of the uniquivalent H-

4 resonances, H-4b (δ 2.46). The chemical shift and coupling constants of H-15, (δ 3.54, J=6.7 

Hz) suggests it is hydroxylated with a primary alcohol. An HMBC correlation from H-9 to C-3 

(δ 67.6) attaches a 7-hydroxyheptyl moiety to C-3. Both H-4a and H-4b signals (δ 2.46 and 2.55) 

had long range correlations to C-5 (δ 105.6), C-4a (δ 141.0), and C-8a δ (112.7) where H-4b had 
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additional HMBC correlations to C-3 (δ 67.6) and C-9 (δ 36.7). HMBC correlation from H-5 (δ 

6.01) to C-4 (δ 35.4), C-4a (δ 141.0), C6 (δ 162.9), C-8a (δ 112.7), and C-16 (δ 177.9) suggest its 

presence in a penta-substituted aromatic ring. The hemiacetal methine H-1 (δ 5.49) showed long 

range correlations with C-3 (δ 67.6), C8 (δ 161.0), C-4a (δ 141.0), and C-8a (112.7) suggesting 

C-1 and C-3 are bound by an oxygen at position 2.  

 

The physical, mass spectrometry, NMR and derivatization data illustrated here for compound 3.1 

is consistent with a structurally similar isochroman, CJ-12,373, reported by Inagaki et al. (1998), 

figure 3.7. These isochromans each have two chiral centers, both at C-1 and C-3. The optical 

rotation of compound 3.1, [α]
 25 

D +40.0 (c 0.20, MeOH), has the same sign and magnitude 

compared to the structural analog CJ-12,373’s optical rotation, [α]
 25 

D +32.4 (c 0.13, MeOH) 

suggesting the same stereochemistry at C-1 and C-3. An ROE correlation between H-1/H-3 

indicates an axial symmetry and establishes the configuration at both C-1 and C-3 as (S). As with 

CJ-12,373, the HRESIMS of compound 3.1 did not yield the parent ion, [M+H]
+
, but rather the 

[M-H2O+H]
+
 ion. This is due to the presence of a hemiacetal within compound 3.1. The same 

observation is made with 3.2 which also bears a hemiacetal but not 3.3 and 3.4 that lack this 

particular functionality. Methylation of compound 3.1 with an excess of diazomethane yielded a 

tetramethyl derivative, (3.5), that confirms the presence of four exchangeable acidic protons and 

a primary alcohol at H-15 that was not methylated (figure 3.6). The structure of 3.1 was 

determined to be (1S,3S)-1, 6, 8-trihydroxy-3-(7-hydroxyheptyl) isochroman-7-carboxylic acid.  
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Figure 3.6: Methylation of compound (3.1) to its tetramethyl derivative (3.5) with diazomethane. 

 

 

 

 

Figure 3.7: Structure of CJ- 12,373 isolated from an unidentified Penicillium species. 

 

 

 

(1S,3S)-1,6,8-trihydroxy-3-(7-hydroxyheptyl) isochroman-7-carboxylic acid (3.1); 8.4 mg; light 

brown oil; [α]
25 

D +40.0 (c 0.20, MeOH); UV (MeOH)/nm λmax (log ε) 220 (3.54), 250 (3.44), 

307 (3.32); HRESIMS m/z 323.1499 [M-H2O+H]
+
 (calculated for C17H23O6, 323.1494). 

1
H and 

13
C NMR data are found in table 3.1. The structure of 3.1 can be found in figure 3.5. 

 

Compound 3.2 was isolated as a light brown oil with the molecular formula C17H24O7 determined 

by high resolution ESI-MS in positive mode at m/z 323.1498  [M-H2O+H]
+
. The UV spectrum 

displayed absorption maxima at 253 and 307 nm.  The 
1
H and 

13
C NMR spectra revealed 

nineteen proton and seventeen carbon signals (Table 3.1). The mass spectrometry, NMR and UV 

data suggest a similar isochroman structure to compound 3.1 with six units of unsaturation that 

can be attributed to two rings and four double bonds.  
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Figure 3.8: Structure of (1S,3S)-1,6,8-trihydroxy-3-((R)-6-hydroxyheptyl) isochroman-7-

carboxylic acid (3.2). 

 

The 1 and 2D NMR data for compounds 3.1 and 3.2 are very similar indicating they have the 

same (S)-1,6,8-trihydroxyisochroman-7-carboxylic acid core structure. A mixture of compounds 

3.1 and 3.2 produced a 
13

C spectrum where all of the carbons in the isochroman rings had the 

same chemical shifts however there were small differences in the aliphatic methylene signals 

suggesting a structural change in the acyclic chains of the two isomers. The triplet methylene at 

H-15 (δ 3.54) in compound 3.1 was replaced with an oxygenated methine multiplet at δ 3.71 in 

compound 3.2. Additionally, compound 3.2 had five aliphatic methylenes and a doublet methyl 

at δ 1.14 (d, J= 6.5Hz) whereas compound 3.1 had six aliphatic methylenes and no methyl 

functionality. COSY correlations from H-14 (δ 3.71) to H-13 (δ 1.40) and H-15 (δ 1.14) establish 

the presence of a 6-hydroxyheptyl moiety. COSY correlations from H-3 (δ 4.04) to H-4a (δ 

2.55), H-4b (δ H-4b) and H-9 (δ 1.57) as well as an HMBC correlation from H-4b (δ 2.46) to C-9 

(δ 36.6) attach the aliphatic chain to C-3 (δ 67.6).  

 

The optical rotation of compound 3.2, [α]
 25 

D +34.5 (c 0.15, MeOH), is of the same sign and 

similar magnitude of compound 3.1 and CJ-12,373 (Inagaki et al. 1998). An ROE between H-

1/H-3 shows that they are in the same plain indicating the same (S) configuration of C-1 and C-3 

as both related compounds, compound 3.1 and CJ-12,373. The absolute configuration of C-14 

was confirmed by a modified Mosher’s method where compound 3.2 was treated with both the 

(R)- and (S)-MTPA chlorides to yield the corresponding esters. The differences in chemical 
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shifts (Δδ= δS-δR) for relevant signals determined the absolute configuration of C-14 as (R), see 

figure 3.9. The structure of compound 3.2 was determined to be (1S, 3S)-1,6,8-trihydroxy-3-((R)-

6-hydroxyheptyl) isochroman-7-carboxylic acid. 

 

(1S,3S)-1,6,8-trihydroxy-3-((R)-6-hydroxyheptyl) isochroman-7-carboxylic acid (3.2); 12.3 mg; 

light brown oil; [α]
25 

D +34.5 (c 0.15, MeOH); UV (MeOH)/nm λmax (log ε) 220 (3.51), 253 

(3.30), 307 (3.17); HRESIMS m/z 323.1498 [M-H2O+H]
+
 (calculated for C17H23O6, 323.1494). 

1
H and 

13
C NMR data are found in table 3.1. The structure of 3.2 can be found in figure 3.8.   

 

 
 

 

Figure 3.9: Δδ (δS − δR) values (in ppm) for the MTPA ester of compound 3.2. 

 

Compound 3 was isolated a light brown oil with the molecular formula C17H24O6 determined by 

high resolution ESI-MS in positive at m/z 325.1780 [M+H]
 +

. The UV spectrum displayed 

absorption maxima at 257 and 317 nm. The 
1
H and 

13
C NMR spectra revealed twenty proton and 

seventeen carbon signals (Table 3.1). Interpretation of the NMR data and mass spectral data 

suggest six units of unsaturation that can be attributed to two rings and four double bonds. 

 

The proton spectra of compounds 3.1 and 3.3 are almost identical except for the hemiacetal 

proton signal of 3.1 is replaced with unequivalent methylene signals at δ 4.50 (d, J= 14.7 Hz) and 

δ 4.80 (d, J= 14.7 Hz) indicating compound 3.3 lacks a hydroxyl group at this position opposed 

to compounds 3.1, 3.2 and CJ-12,373. COSY and HMBC data identical to compound 3.1 attach 
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the same 7-hydroxyheptyl chain to C-3. The optical rotation of compound 3.3, [α]
 25 

D -58.0 (c 

0.10 MeOH), is of the opposite sign compared to compounds 3.1 and 3.2 due to the loss of a 

chiral center at C-1. The coupling constants (refer to Table 3.1) of H-4a and H-4b were identical 

for compounds 3.1-3.3, as well as the previously reported isochroman CJ-12,373. This indicates 

the same axial orientation of H-3 and (S) configuration at C-3 of the biosynthetically related 

isochromans. The structure of compounds 3.3 was determined to be (S)-6,8-dihydroxy-3-(7-

hydroxyheptyl) isochroman-7-carboxylic acid. 

 

(S)-6,8-dihydroxy-3-(7-hydroxyheptyl) isochroman-7-carboxylic acid (3.3); 4.6 mg; light brown 

oil; [α]
 25 

D -40.0 (c 0.15, MeOH); UV (MeOH)/nm λmax (log ε) 222 (3.78), 257 (3.76), 317 

(3.34); HRESIMS m/z 325.1680 [M+H]
+
 (calcd for C17H25O6, 325.1651); 

1
H and 

13
C NMR data 

are found in table 3.1. The structure of 3.3 can be found in figure 3.10. 

 

 

Figure 3.10: Structure of (S)-6, 8-dihydroxy-3-(7-hydroxyheptyl) isochroman-7-carboxylic acid 

(3.3). 

 

 

Compound 3.4 was isolated a light brown oil with the molecular formula C17H24O6 determined 

by high resolution ESI-MS in positive at m/z 325.1780 [M+H]
 +

. The UV spectrum displayed 

absorption maxima at 255 and 310 nm. The 
1
H and 

13
C NMR spectra revealed twenty proton and 

seventeen carbon signals that can be found in table 3.1. Interpretation of the NMR data and mass 

spectral data suggest six units of unsaturation that can be attributed to two rings and four double 

bonds. 
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The 
1
H and 

13
C spectra for 3.3 and 3.4 were very similar indicating they share the same 6,8-

dihydroxyisochroman-7-carboxylic acid core. HMBC correlations from the aromatic H-5 (δ 

6.01) proton to C-4 (δ 35.6) C-6 (δ 161.0), C-7 (δ 103.0), and C-8a (δ 112.6) are indicative of the 

same pentasubstituted aromatic ring previously described. COSY correlations from H-3 to H-4a, 

H-4b and H-9 attach an aliphatic chain to H-3. The triplet methylene, observed in both 

compound 3.1 and 3.3, has been replaced with a multiplet methine, H-15, and doublet methyl, H-

16. These chemical shifts, refer to table 3.1, and COSY correlations from H-14 to H-13 and H-15 

indicate the presence of an analogous heptan-2-ol chain as observed in compound 3.2. The 

stereochemistry of C-3 and C-15 were assigned based on the same rational as the previously 

described biosynthetically related isochromans. Key COSY and HMBC correlations for 

compound 3.4 can be found in figure 3.12. These correlations are representative of the 

biosynthetically related isochromans 3.1-3.4. The structure of compound 3.4 was determined to 

be (S)-6,8-dihydroxy-3-((R)-6-hydroxyheptyl) isochroman-7-carboxylic acid. 

 

 

(S)-6,8-dihydroxy-3-((R)-6-hydroxyheptyl) isochroman-7-carboxylic acid (3.4); 3.6 mg; light 

brown oil; [α]
 25

D -58.0 (c 0.10, MeOH); UV (MeOH)/nm λmax (log ε) 220 (3.98), 255 (3.76), 310 

(3.35); HRESIMS m/z 325.1680 [M+H]
 +

 (calculated for C17H25O6, 325.1651);  
1
H and 

13
C NMR 

data are in table 3.1. The structure of 3.4 can be found in figure 3.11. 
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Table 3.1: 
1
H (700 MHz) and 

13
C NMR Data (175 MHz) for new isochromans 3.1-3.4 in CD3OD. 

 (3.1) (3.2) (3.3) (3.4) 

Position δC, type δH (J, Hz)  δC, type δH (J, Hz)  δC, type δH (J, Hz)  δC, type δH (J, Hz)  
1 97.2, CH 5.49, s 97.2, CH 5.49, s 65.5, CH 4.80, d (14.7) 65.5, CH 4.80, d (14.7) 

      4.50, d (14.7)  4.50, d (14.7) 

3 67.6, CH 4.04, m 67.6, CH 4.04, m 76.0, CH 3.56, m 76.0, CH 3.56, m 

4 35.4, CH2 2.55, dd (3.5, 16.8) 35.4, CH2 2.55, dd (3.5, 16.8) 35.6, CH2 2.58, dd (3.5, 16.5) 35.6, CH2 2.58, dd (3.5, 16.5) 

  2.46, dd (10.9, 16.8)  2.46, dd (10.9, 16.8)  2.50, dd (10.5, 16.5)  2.50, dd (10.5, 16.5) 

4a 141.0, C  141.0, C  139.8, C  139.8, C  

5 105.6, CH 6.01, s 105.6, CH 6.01, s 106.0, CH 6.01, s 106.0, CH 6.01, s 

6 162.9, C  162.9, C  161.0, C  161.0, C  

7 103.2, C  103.2, C  103.0, C  103.0, C  

8 161.0, C  161.0, C  158.7, C  158.7, C  

8a 112.7, C  112.7, C  112.6, C  112.6, C  

9 36.7, CH2 1.57, m 36.6, CH2 1.57, m 36.9, CH2 1.54, m 36.9, CH2 1.54, m 

10 26.9, CH2 1.36, m 26.8, CH2 1.41, m 26.9, CH2 1.41, m 26.8, CH2 1.41, m 

11 30.6, CH2 1.27, m 30.7, CH2 1.36, m 30.5, CH2 1.35, m 30.8, CH2 1.35, m 

12 30.7, CH2 1.36, m 26.9, CH2 1.39, m 30.7, CH2 1.35, m 26.5, CH2 1.35, m 

13 26.7, CH2 1.44, m 40.2, CH2 1.40, m 26.5, CH2 1.40, m 40.2, CH2 1.40, m 

14 33.7, CH2 1.52, m 68.5, CH 3.71, m 33.7, CH2 1.53, m 68.5, CH 3.71, m 

15 62.9, CH2 3.54, t (6.7) 23.5, CH3 1.14, d (6.5) 63.0, CH2 3.54, d (6.6) 23.5, CH3 1.14, d (6.7) 

16 177.9, C  177.9, C  178.0, C  178.0, C  
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Figure 3.11: Structure of (S)-6,8-dihydroxy-3-((R)-6-hydroxyheptyl) isochroman-7-carboxylic 

acid (3.4). 

 

 

 

 

Figure 3.12: Observed COSY and key HMBC correlations for 3.4 that are representative of the 

four new isochromans (3.1-3.4) discussed herein. 

 

1
H, 

13
C and mass spectrometry data are presented for the tetramethyl derivative of compound 3.2 

are presented here after the reaction mixture was cleaned up by semi-preparative HPLC (see 

materials and methods). (1S,3S)-methyl 3-(7-hydroxyheptyl)-1,6,8-trimethoxyisochroman-7-

carboxylate (3.5): 1.6 mg; clear gum; 
1
H NMR (CD3OD, 400MHz) δ 6.59 (1H, s), 5.50 (1H, s), 

4.08 (1H, s), 3.85 (3H, s), 3.80 (3H, s), 3.78 (3H, s), 3.54 (2H, d, J= 6.5 Hz), 3.49 (3H, s), 2.68 

(1H, m), 2.56 (1H, m), 1.66-1.21 (12H, m); 
13

C NMR (CD3OD, 100 MHz) δ 168.6 (C-16), 158.8 

(C-6), 157.2 (C-8), 140.3 (C-4a), 123.1 (C-8a), 121.9 (C-8a), 117.2 (C-7), 107.4 (C-5), 96.5 (C-

1), 67.4 (C-3), 62.9 (C-15), 63.2, 56.5, 55.3, 52.8 (O-CH3 at C-1, C-6, C-8, C-16), 35.2 (C-4), 

36.6 (C-9), 33.6, 30.7, 30.5, 27.0, 26.7 (C10-C14); LRESIMS m/z 365 [M-CH3OH+H]
+
 



94 

 

(calculated for C20H29O6, 365.1964). The structure of the tetramethyl derivative (3.5) can be 

found in figure 3.13.  

 

 

Figure 3.13: Structure of (1S,3S)-methyl 3-(7-hydroxyheptyl)-1,6,8-trimethoxyisochroman-7-

carboxylate (3.5), the tetramethyl derivative of 3.1 prepared by derivatization with 

diazomethane. 

 

Compounds 3.1-3.4 were isolated here as new isochromans structurally similar to CJ-12,373 that 

was produced by an unidentified Penicillium species (Inagaki et al. 1998). These compounds all 

share the same 6,8-dihydroxyisochroman-7-carboxylic acid core where structural differences 

occur only in the acyclic moiety and at C-1. Compounds 3.1 and 3.2, as well as CJ-12,373, 

possess a hydroxyl group at C-1 that is not present in 3.3 and 3.4.  A 7-hydroxyheptyl moiety is 

attached at C-3 in both compounds 3.1 and 3.3 whereas 3.2 and 3.4 each have a 6-hydroxyheptyl 

chain with the (R) configuration. As with CJ-12,373, HRESIMS of compounds 3.1 and 3.2 did 

not yield the parent ion, [M+H]
+
, but rather the dehydrated ion, [M-H2O+H]

+
 that is due to the 

labile nature of the hemiacetal functionality. 

 

Structural Elucidation of New α-Pyrones 

 

Compound 3.6 was isolated as clear oil with the molecular formula C15H24O5 determined by high 

resolution ESI-MS in positive mode at m/z 285.1745 [M+H]
 +

. The UV spectrum displayed 

absorption maxima at 212 and 290 nm.  The 
1
H and 

13
C NMR spectra revealed twenty one 
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proton and fifteen carbon signals (Table 3.2). Examination of the mass spectrometry, NMR and 

UV data suggest a tri-substituted pyran-2-one structure with four units of unsaturation that can be 

attributed to one ring and three double bonds. 

 

The 
1
H spectrum displayed one methyl singlet at δ 1.83 (s), six aliphatic methylenes between δ 

1.31-1.51, unequivalent methylene signals at δ 2.47 (dd, J= 8.3, 14.4 Hz) and δ 2.59 (dd, J= 8.3, 

14.4 Hz), an oxygenated methylene at δ 3.53 (t, J= 7.0 Hz), an oxygenated methine at δ 3.90 (m) 

and a deshielded methine singlet at δ 6.0 (s). Examination of the 
13

C and DEPT showed four of 

the fifteen carbon signals were quaternary. These were all the result of sp
2
 carbons at δ 98.7, δ 

161.8, δ 169.4, and δ 170.6. 

 

 

 

Figure 3.14: Structure of 6-((2S, 4R)-2, 4-dihydroxyundecyl)-4-hydroxy-3-methyl-2H-pyran-2-

one (3.6). 

 

HMBC correlations from the singlet methyl H-16 (δ  1.83) to C-2 (δ 169.4), C-3 (δ 98.7), and C-

4 (δ 170.6) and from the singlet methine H-5 (δ 6.00) to C-3 (δ 98.7), C-4 (δ 170.3), C-6 (δ 

161.8), C-7 (δ 42.6) confirms the core of compound 3.6 is a substituted pyran-2-one. The 

presence of a saturated aliphatic is supported by all four units of unsaturation absorbed by the 2-

pyranone and the six methylenes between δ 1.31-1.51. COSY correlations were observed from 

H-8 (δ 3.90) to H-7a (δ 2.59), H-7b (δ 2.47) and H-9 (δ 1.46) confirming its position in the 

aliphatic chain.  A 
1
H-

1
H correlation from the oxygenated methylene triplet H-15 (δ 3.53, J=7.0 

Hz) to H-14 (δ 1.51) demonstrates that end of the aliphatic chain is hydroxylated with a primary 
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alcohol. HMBC correlations from both H-7a and H-7b to C-5 (δ 104.1), C-6 (δ 161.8), C-8 (δ 

70.0), and C-9 (δ 38.1) connect a 2, 9-dihydroxynonyl moiety to C-6 of the pyran-2-one ring.  

 

The structure of 3.6 was determined to be a new α-pyrone structure with a single chiral center at 

C-8 in the acyclic moiety. The optical rotation of 3.6, [α]
25 

D -44.0 (c , 0.1 MeOH), is of the same 

sign and similar magnitude to that of the related pyrone (S)-4-hydroxy-6-(2-hydroxypropyl)-2H-

pyran-2-one, [α]
 
D -20.32 (c 1.0, MeOH) (Zhou et al. 2010), where C-8  has the (S) configuration. 

Verrucosapyrone B, [α]D +26.5 (c 0.04, EtOH) (Rahbaek et al. 2003), and PC-2, [α]D +78.5 (c 

1.0, MeOH) (Kimura et al. 1978) are structurally related α-pyrones reported from Penicillium sp. 

with a single non-terminal hydroxyl in their aliphatic chains with the (R) confirmation that each 

have a positive optical rotation. The antifungal compound, (+) pulvilloric acid isolated from P. 

pulvillorum, and its (+) resorcinol derivative additionally each have a single chiral center with 

the (R) confirmation. They examined stereoselective synthesis of pulvilloric acid and 

unambiguously determined the (R) and (S) configurations for the (+) and (-) resorcinol derivative 

respectively (Rodel et al. 1996). These data indicate the confirmation of C-8 in compound 3.6 is 

(S) establishing the structure as (S)-6-(2,9-dihydroxynonyl)-4-hydroxy-3-methyl-2H-pyran-2-

one. 

 

6-((2S,4R)-2, 4-dihydroxyundecyl)-4-hydroxy-3-methyl-2H-pyran-2-one (3.6); 3.0 mg; clear oil; 

[α]
 25 

D +8.0 (c 0.15, MeOH); UV (MeOH)/nm λmax (log ε) 217 (3.74), 290 (3.72); HRESIMS m/z 

313.1995 [M+H]
+
 (calculated for C17H29O5, 313.2015).  

1
H and 

13
C NMR data are in table 3.2. 

The structure of 3.6 can be found in figure 3.14. 
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Compound 3.7 was isolated as a clear oil with the molecular formula C17H28O5 that was 

determined by high resolution ESI-MS in positive mode at m/z 313.1995 [M+H]
 +

. The UV 

spectrum displayed absorption maxima at 217 and 290 nm. The 
1
H and 

13
C NMR spectra 

revealed twenty five proton and seventeen carbon signals that can be found in table 3.2. The 

mass spectrometry, NMR and UV data suggest a tri-substituted pyran-2-one structure analogous 

to compound 3.6 with structural differences occurring in the aliphatic chain. The same HMBC 

correlations observed in compound 3.6 attach a different acyclic chain C-6 of 3.7. Key HMBC 

and COSY correlations for 3.7 that are representative of the three new α-pyrones discussed here 

can be found in figure 3.16.  

 

 

 

Figure 3.15: Structure of 6-((2S,4R)-2,4-dihydroxyundecyl)-4-hydroxy-3-methyl-2H-pyran-2-

one (3.7). 

 

 

The 
1
H spectrum of compound 3.7 displayed many of the same resonances observed for 

compound 3.6 (Table 2) but with the addition of a methyl triplet at δ 0.89 (t, J=6.8 Hz) and 

another oxygenated methine at δ 3.78 (m). A COSY cross peak was observed between the 

methylene H-16 (δ 1.29) and the triplet methyl H-17 (δ 0.89) indicating the aliphatic chain 

terminates with a methyl instead of a primary alcohol as in compound 3.6. COSY correlations 

were observed sequentially through the aliphatic chain including between H-7 (δ 2.52/2.58), H-8 

(δ 4.18), H-9 (δ 1.52), H-10 (δ 3.78) and H-11 (δ 1.41). These chemical shifts confirm the 

position of a 1,3-diol system within a 2,4-dihydroxyundecyl chain.   
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Figure 3.16: Observed COSY and key HMBC correlations for 3.7 that are representative of the 

three new α-pyrones (3.6-3.8) discussed herein. 

 

The relative configuration at C8/C10 was elucidated by Kishi’s universal NMR database 

(Kobayashi et al. 2000). Based on this method, the stereochemical assignment of a 1,3-diol 

system, connected with two or more methylene bridges, can be achieved by comparison of the 

carbon chemical shift observed and that recorded in the database for the two only possible 1,3-

diol configuration (syn or anti).  The comparison of the carbon chemical shift of C-10 (δ 69.0) 

with the reported one indicated an anti-configuration (Kobayashi et al. 2000). This establishes 

the structure of compound 3.7 as 6-((2S,4R)-2,4-dihydroxyundecyl)-4-hydroxy-3-methyl-2H-

pyran-2-one. 

 

6-((2S,4R)-2,4-dihydroxyundecyl)-4-hydroxy-3-methyl-2H-pyran-2-one (3.7); 3.0 mg; clear oil; 

[α]
 25 

D +8.0 (c 0.15, MeOH); UV (MeOH)/nm λmax (log ε) 217 (3.74), 290 (3.72); HRESIMS m/z 

313.1995 [M+H]
+
 (calculated for C17H29O5, 313.2015) 

1
H and 

13
C NMR data found in table 3.2. 

The structure of 3.7 can be found in figure 3.15. 

 

Compound 3.8 was isolated as a clear oil with the molecular formula C17H28O6 that was 

determined by high resolution ESI-MS in positive mode at m/z 329.1978 [M+H]
 +

. The UV 
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spectrum displayed absorption maxima at 215 and 290 nm. The 
1
H and 

13
C NMR spectra 

revealed twenty five proton and seventeen carbon signals (Table 3.2). Interpretation of the mass 

spectrometry, NMR and UV data indicate compound 3.8 is a tri-substituted pyran-2-one with 

four units of unsaturation attributed to one ring and three double bonds structurally similar to 

both α-pyrones discussed above, 3.6 and 3.7. 

 

The proton spectrum of compound 3.8 was very similar to that of compound 3.7. A single 

methylene was more deshielded, δ 1.52 compared to δ 1.29 in compound 6, and the presence of 

an oxygenated methylene at δ 3.53 (t, J= 7.0 Hz) replaced a triplet methyl indicating the chain 

terminates with an primary alcohol as in compound 5. COSY correlations were observed from 

sequentially from H-7 through H-11 establishing the same 1,3-diol found in compound 3.7. An 

additional COSY was observed from H-16 (δ 1.53) to H-17 (δ 3.54) confirming the aliphatic 

chain terminates with a primary alcohol as in compound 3.6. HMBC correlations from H-8 to C-

6 and C-5 are further indicators that an undecane-1,8,10-triol chain is attached to C-6. The 

optical rotations of compounds 3.7 and 3.8, [α]
 25 

D +8.0 (c 0.15, MeOH) and [α]
 25 

D +20.0 (c 

0.05, MeOH), are both of the same sign. Additionally, the chemical shifts of both C-8 and C-10 

are identical; refer to table 2, in 3.7 and 3.8. Invoking the Kishi method argument used for 

compound 3.7, these biosynthetically related natural products have the same anti configuration 

of their 1,3-diol systems (Kobayashi et al. 2000).  The structure of compound 3.8 has been 

established as 4-hydroxy-3-methyl-6-((2S,4R)-2,4,11-trihydroxyundecyl)-2H-pyran-2-one. 

 

4-hydroxy-3-methyl-6-((2S,4R)-2, 4, 11-trihydroxyundecyl)-2H-pyran-2-one (3.8); 1.1 mg; clear 

oil; [α]
 25 

D +20.0 (c 0.05, MeOH); UV (MeOH)/nm λmax (log ε) 215 (3.99), 290 (3.72); 
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HRESIMS m/z 329.1978 [M+H]
+
 (calculated for C17H29O6, 329.1964); 

1
H and 

13
C NMR data 

can be found in table 3.2. The structure of 3.8 can be found in figure 3.17. 

 

 

Figure 3.17: Structure of 4-hydroxy-3-methyl-6-((2S, 4R)-2, 4, 11-trihydroxyundecyl)-2H-

pyran-2-one (3.8). 

 

 

Compounds 3.6-3.8 are all structurally related α-pyrones having the same pyran-2-one core with 

variability coming from their aliphatic chains. This is the first report of α-pyrones from P. 

corylophilum which additionally rules out their use as indicators for fungi producing nephrotoxic 

ochratoxins (Rahbaek et al. 2003). α-Pyrones are produced ubiquitously in nature and have been 

isolated from a wide range of fungi, plants, insects and animals (McGlaken et al. 2005). The α-

pyrones isolated here are 4-hydroxy-α-pyrones that have been rigorously investigated as HIV-1 

protease inhibitors (Sun et al. 2005). The α-pyrones with the same 4-hydroxy-2H-pyran-2-one 

core structure as compounds 3.6-3.8 elicited antimicrobial activity to Gram-positive bacteria but 

not Gram-negative bacteria in the low µM range. The proposed mode of action is disruption of 

membranes due to inhibition of fatty acid biosynthesis (Singh et al. 2003). 
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Table 3.2: 
1
H (700 MHz) and 

13
C NMR Data (175 MHz) for new α-pyrones 3.6-3.8 in CD3OD. 

 

 (3.6) (3.7) (3.8) 

Position δC, type δH (J, Hz)  δC, type δH (J, Hz)  δC, type δH (J, Hz)  
2 169.4, C  169.9, C  169.9, C  

3 98.7, C  98.4, C  98.4, C  

4 170.6, C  172.9, C  172.9, C  

5 104.1, CH 6.00, s 105.7, CH 5.97, s 105.7, CH 5.96, s 

6 161.8, C  161.2, C  161.2, C  

7 42.6, CH2 2.59, dd (4.5, 14.4) 43.2, CH2 2.58, dd (5.3, 14.5) 43.2, CH2 2.58, dd (5.2, 14.4) 

  2.47, dd (8.3, 14.4)  2.52, dd (7.5, 14.5)  2.54, dd, (7.8, 14.4) 

8 70.0, CH 3.90, m 67.2, CH 4.18, m 67.2, CH 4.19, m 

9 38.1, CH2 1.46, m 45.3, CH2 1.52, m 45.3, CH2 1.55, m 

10 26.6, CH2 1.34, m 69.0, CH 3.78, m 69.0, CH 3.80, m 

11 30.5, CH2 1.31, m 39.1, CH2 1.41, m 39.1, CH2 1.45, m 

12 30.6, CH2 1.34, m 26.8, CH2 1.30, m 26.9, CH2 1.46, m 

13 26.9, CH2 1.34, m 30.8, CH2 1.28, m 30.8, CH2 1.36, m 

14 33.7, CH2 1.51, m 30.4, CH2 1.28, m 30.6, CH2 1.31, m 

15 63.0, CH2 3.53, t (7.0)  33.0, CH2 1.27, m 26.8, CH2 1.37, m 

16 8.3, CH3 1.83, s 23.7, CH2 1.29, m 33.7, CH2 1.53, m 

17   14.4, CH3 0.89, t (6.8) 63.0, CH2 3.54, t (6.7) 

18   8.4, CH3 1.83, s 8.3, CH3 1.83, s 
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Antimicrobial Activity of New Isochromans and α-Pyrones 

 

The newly characterized compounds 3.1-3.4 and 3.6-3.8 were tested for in vitro antimicrobial 

activity against yeast (Saccharomyces cerevisiae), as well as the Gram-positive and Gram-

negative bacteria Bacillus subtilis (ATCC 23857) and Pseudomonas putida (ATCC 12633) 

respectively. All compounds were tested at 0.5, 5 and 50 µg mL
-1

 in 96 well microplates. 

Compounds 3.1-3.4 were additionally tested at 100 µg mL
-1

; compounds 3.6-3.8 were not tested 

at the highest concentration due to pure sample limitations. Compounds 3.1-3.4 significantly 

inhibited the growth of S. cerevisiae at 100 µg mL
-1

 (ANOVA, Tukey’s Test, P < 0.05) 

compared to the negative control, DMSO. Compounds 3.1-3.4 and 3.6-3.8 were inactive at < 50 

µg mL
-1

 for antimicrobial activity under the conditions tested. 

 

Previously Reported Secondary Metabolites Isolated from Indoor Strains of P. 

corylophilum 

 

Phomenone (3.9); 3 mg; isolated as a light yellow powder; [α]D +170.7 (c 0.15, MeOH); UV 

(MeOH)/nm λmax (log ε) 203 (3.93), 240 (3.76); HRESIMS m/z 265.1436 [M+H]
+
 (calculated for 

C15H21O4, 265.1440). The structure of phomenone was originally determined by X ray 

crystallography without NMR data Riche and Pascard-Billy (1975). 
1
H and 

13
C NMR data are 

reported in table 3.3. The 
1
H NMR data generated here are consistent with a literature report on 

various derivatives of phomenone (Capasso et al. 1986). The structure of phomenone (3.9) can 

be found in figure 3.18. 
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Figure 3.18: Structure of Phomenone (3.9). 

 

 

Table 3.3: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) Phomenone (3.9) in CD3OD. 

 

Position δC, type δH (J, Hz)  
1 32.0, CH2 2.60, m 

  2.33, m 

2 36.4, CH2 2.10, m 

  1.34, m 

3 71.3, CH 3.58, m 

4 46.0, CH 1.72, m 

5 42.0, C  

6 70.4, CH 3.39, s 

7 62.8, C  

8 194.6, C  

9 121.3, CH 5.71, d (1.8) 

10 166.9, C  

11 145.9, C  

12 113.3, CH2 5.25, m  

  5.20, m 

13 64.0, CH2 4.34, br d (13.8) 

  4.27, br d (13.8) 

14 11.6, CH3 1.30, s 

15 18.8, CH3 1.23, d (6.8) 

 

Andrastin A (3.10); 3.4 mg; isolated as a clear gum; [α]D -30.0 (c 0.10, MeOH); UV (MeOH)/nm 

λmax (log ε) 210 (4.05), 284 (3.75); HRESIMS m/z 487.2723 [M+H]
+
 (calculated for C28H39O7 

487.2696). 
1
H and 

13
C NMR data were consistent with published data (Shiomi et al. 1996) and 

are reported in table 3.4. The structure of andrastin A (3.10) can be found in figure 3.19. 
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Figure 3.19: Structure of Andrastin A (3.10). 

 

 

Citreohybridonol (3.11); [α]D +39.0 (c 0.20, MeOH); UV (MeOH)/nm λmax (log ε) 205 (3.75), 

279 (3.55); HRESIMS m/z 501.2475 [M+H]
+
 (calculated for C28H37O8, 501.2488). 

1
H and 

13
C 

NMR data were consistent with published data (Kosemura et al. 1992) and are reported in table 

3.4. The structure of citreohybridinol (3.11) can be found in figure 3.20. 

 

Figure 3.20: Structure of Citreohybridonol (3.11). 

 

 

Koninginin A (3.12); 22.0 mg; light yellow powder; [α]D -33.0 (c 0.30, MeOH); UV (MeOH)/nm 

λmax (log ε) 220 (2.45), 262 (2.47); HRESIMS m/z 285.2085 [M+H]
+
 (calculated for C16H29O4, 

285.2066). 
1
H and 

13
C NMR data were consistent with published data (Cutler et al. 1989) and are 

reported in table 3.5. The structure of koninginin A (3.12) can be found in figure 3.21. 
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Figure 3.21: Structure of Koninginin A (3.12). 

 

Koninginin E (3.13); 6.0 mg; isolated as a light yellow powder; [α]D +8.3 (c 0.30, MeOH); UV 

(MeOH)/nm λmax (log ε) 205 (2.94), 265 (3.40); HRESIMS m/z 283.1927 [M+H]
+
 (calculated for 

C16H27O4, 283.1909). 
1
H and 

13
C NMR data were consistent with published data (Parker et al. 

1995) and are reported in table 3.5. The optical rotation and δC at position 4 distinguish 

koninginin E from its diastereomer koninginin B. The structure of koninginin E (3.13) can be 

found in figure 3.22. 

 

 

 

Figure 3.22: Structure of Koninginin E (3.13). 
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Table 3.4: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) for Andrastin A (3.10) and Citreohybrionol (3.11) in CD3OD. 

 (3.10) (3.11) 

Position δC, type δH (J, Hz)  δC, type δH (J, Hz)  
1 28.9, CH2 1.00, dd (4.76, 12.8) 22.1, CH2 1.30, m 

  2.26, m  2.10, m 

2 24.4, CH2 1.55, m 23.1, CH2 1.70, m 

3 79.2, CH 4.60, t (2.5) 77.6, CH 4.62, t (2.6) 

4 38.1, C  35.4, C  

5 49.4, CH 1.86, dd (2.6, 13.3) 56.1, CH 2.06, d (14.6) 

6 17.9, CH2 1.68, m 80.1, CH 4.83, d (3.9) 

  2.08, m   

7 33.5, CH2 2.22, m 38.1, CH2 2.50, dd (4.5, 14.5) 

  3.15, dt (4.1, 13.3)  3.45, d (14.5) 

8 43.0, C  43.4, C  

9 54.8, CH 2.17, bs 53.0, CH 2.46, d (2.5) 

10 53.6, C  45.2, C  

11 122.8, CH 5.33, bs 122.4, CH 5.53, s 

12 138.2, C  140.1, C  

13 57.4, C  57.2, C  

14 69.3, C  71.8, C  

15 192.5, C  195.5, C  

16 112.7, C  113.0, C  

17 201.7, C  198.1, C  

18 172.8, C  172.9, C  

19 21.1, CH3 2.04, s 20.9, CH3 2.03, s 

20 27.1, CH3 0.93, s 26.5, CH3 0.97, s 

21 21.6, CH3 0.86, s 22.8, CH3 0.87, s 

22 19.9, CH3 1.22, s 24.6, CH3 1.29, s 

23 207.3, CH 10.2, s 182.1, C  

24 20.2, CH3 1.76, bs 20.8, CH3 1.85, bs 

25 16.2, CH3 1.14, s 17.9, CH3 1.24, s 

26 172.3, C  172.2, C  

27 52.0, CH3 3.55, s 51.7, CH3 3.56, s  

28 6.7, CH3 1.55, s 6.7, CH3 1.57, s 
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Table 3.5: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) for koninginin A (3.12), koninginin E (3.13) and koninginin G (3.14) in 

CD3OD. 

 

 (3.12) (3.13) (3.14) 

Position δC, type δH (J, Hz)  δC, type δH (J, Hz)  δC, type δH (J, Hz)  
1 80.3, CH 4.25, bs 200.3, C  75.5, CH 3.38, m 

2 28.1, CH2 1.48, m 33.6 2.27, m 33.2, CH2 1.36, m 

  2.18, m  2.61, ddd (4.8, 9.5 17.0)  1.49, m 

3 21.7, CH2 1.63, m 30.4, CH2 1.98, m 26.8, CH2 1.36, m 

  2.13, m  2.16, m  1.70, m 

4 80.5, CH 4.01, t (6.6) 66.6, CH 4.35, t (5.0) 74.8, CH 3.52, dd (5.1, 10.9) 

5 110.1, C  172.6, C  98.0, C  

6 43.1, CH 1.55, m 112.3, C  44.5, CH 1.45, m 

7 36.1, CH2 1.46, m 18.7, CH2 2.10, m 26.8, CH2 1.49, m 

  1.60, m  2.40, m  1.79, m 

8 27.4, CH2 1.83, m 26.7, CH2 1.38, m 28.7, CH2 1.31, m 

    1.54, m  1.72, m 

9 73.5, CH 3.84, m 82.3, CH 3.85, ddd (2.3, 4.8, 11.1) 75.0, CH 3.78, ddd (2.5, 7.2, 11.9) 

10 70.9, CH 3.51, dd (5.5, 11.5) 73.7, CH 3.34, m 71.0, CH 3.66, m 

11 32.1, CH2 1.58, m 33.5, CH2 1.58, m 32.3, CH2 1.58, m 

  1.77, m    1.78, m 

12 26.7, CH2 1.31, m 23.6, CH2 1.31, m 22.2, CH2 1.52, m 

13 30.4, CH2 1.31, m 30.6, CH2 1.33, m 30.5, CH2 1.31, m 

14 33.0, CH2 1.32, m 33.0, CH2 1.32, m 33.0, CH2 1.30, m 

15 23.7, CH2 1.31, m 23.7, CH2 1.33, m 23.7, CH2 1.31, m 

16 14.4, CH3 0.91, t (7.0) 14.4, CH3 0.91, t (6.8) 14.3, CH3 0.90, t (6.9) 
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Koninginin G (3.14); 5.3 mg; isolated as a light yellow powder; [α]D +61.3 (c 0.30, MeOH); UV 

(MeOH)/nm λmax (log ε) 205(2.96), 264 (3.43); HRESIMS m/z 303.2209 [M+H]
+
 (calculated for 

C16H31O5, 303.2171). 
1
H and 

13
C NMR data were consistent with published data (Cutler et al. 

1999) and are reported in table 3.5. The structure of 3.14 can be found in figure 3.23. 

 

 

 

Figure 3.23: Structure of Koninginin G (3.14). 

 

 

Quantification of P. corylophilum Metabolites  

 

LC-UV-MS chromatograms of the extracts of the various culture conditions examined revealed 

that YES in still culture at 25 ºC proved to be optimal for metabolite production. The use of the 

other liquid media tested (2% malt extract, Czapek-Dox) or increasing the aeration in YES 

cultures did not yield appreciable amounts of compounds or metabolite profiles of interest by 

LC-UV-MS. DAOM 242293 was selected for large scale fermentations because it readily 

produced a high metabolite yield after the screening of each extract by LC-UV-MS. The 

metabolites isolated above were utilized as analytical standards to quantify their production from 

the nine Canadian indoor P. corylophilum isolates by LC-MS when the instrument was operated 

in selected ion monitoring (SIM) mode, see materials and methods. Regardless of geographic 

origin, the strains examined produced these compounds in yields of the individual compounds 

from 0.5 to >10 mg L
-1

, with an average total yield of ~140 mg L
-1

. We could not detect two of 
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the three α-pyrones from DAOM 242296 and one was not detected in DAOM 242290, refer to 

table 3.6.  The koninginins (3.12-3.14), meroterpenoids (3.10 and 3.11) and isochromans (3.1-

3.4) were generally produced in larger amounts compared to phomenone (3.9) and the α-pyrones 

(3.6-3.8). The standard curves generated for each compound had an R
2
 value over 0.97 over the 

entire concentration range. The mycotoxin citrinin was not isolated and could not be detected by 

LC-UV-MS in each of the nine P. corylophilum filtrate extracts by comparison to an authentic 

standard (Sigma).  

 

Taxonomic Significance 
 

This is the first comprehensive examination of secondary metabolites produced by P. 

corylophilum. The nine indoor derived strains were morphologically correct, had their internal 

transcribed spacer (ITS) sequenced and were deposited in a recognized culture collection 

(DAOM). Only when our strains were grown on 15% YES media did we extract appreciable 

amounts of secondary metabolites from the culture filtrate. Shaking the culture to increase 

aeration or other media did not result in production of appreciable amounts of secondary 

metabolites by P. corylophilum. All strains examined had the same metabolite profiles but 

production of compounds varied. Fractionation of the crude extract into polar and non-polar 

samples by normal phase silica gel chromatography yielded two fractions with different LC-UV-

MS patterns. The previously reported compounds phomenone (3.9), andrastin A (3.10), 

citreohybridonol (3.11) koninginin A (3.12), E (3.13) and G (3.14) were all found in the more 

non-polar EtOAc fractions with two of the new α-pyrones (3.6 and 3.7). The new isochromans 

(3.1–3.4) and the other new α-pyrone (3.8) were isolated from the more polar 20% MeOH-    
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Table 3.6: Metabolite production by indoor P. corylophilum strains studied. 

 

 Compound 

DAOM (3.9) (3.11) (3.10) (3.12) (3.13) (3.14) (3.6) (3.7) (3.8) (3.1) (3.2) (3.3) (3.4) 

242288 ++ ++ + +++ ++ ++ ++ + + + ++ +++ + 

242289 + ++ ++ +++ ++ ++ + + + + + + + 

242290 + + ++ +++ ++ + + + - + + + + 

242291 + + ++ ++++ + ++ + + + + + + + 

242292 + ++ + +++ + + ++ + + ++ ++ +++ ++ 

242293 + + + +++ ++ +++ + + + ++ ++ +++ + 

242294 + + ++ ++++ ++ +++ + + + + + + + 

242295 + ++ + +++ + + ++ + + ++ ++ +++ ++ 

242296 + ++ ++ ++++ ++ ++++ - + - + + + + 

 

+: < 1mg/L 

++: > 1mg/L, < 5mg/L 

+++: > 5mg/L, < 10 mg/L 

++++: > 10mg/L 

-: not detected 
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EtOAc fraction. This chemical data agrees with the observations of Smedsgaard (1997) that YES 

media is a better medium compared to MEA or CYA for isochroman production. 

 

This work confirms that this species produces phomenone (3.9) but in contrast to previous 

investigations, these strains did not produce the isocoumarins (+) orthosporin and 

citreoisocoumarinol (Lai et al. 1991; Malmström et al. 2000). The latter authors were able to 

detect the two isocoumarins in all strains except two that were maintained for too long in culture 

collections but could not confirm the presence of phomenone (3.9) or furan-2-carboxylic acid 

due to lack of reference material. Phomenone (3.9) was isolated from a representative strain and 

detected from all of the P. corylophilum strains examined here by LC-MS (Table 3.6). This 

phytotoxin was originally isolated from the pathogenic mushroom Phoma exigua var. 

nonoxydabilis and has since been identified from Drechslera gigantean, Macrophomis 

phaseolina and a Xylaria sp. Apart from being a growth inhibitor of tomato plants causing 

wilting and necrosis, phomenone demonstrates antifungal, antimalarial and cytotoxicity activity 

(Isaka et al. 2001). Even though phomenone exhibits significant anti-plasmodial activity its 

cytotoxicity probably limits its applicability as an antimalarial drug. Phomenone has been 

studied in structure activity relationship studies with other eremophilane sesquiterpenes 

including PR toxin produced by P. roqueforti (Capasso et al. 1984; Moule et al. 1977). These 

natural products and derivatives were investigated to determine the role of the epoxide in the 

activity of the eremophilanes. The toxic activity of these compounds appears to be related to the 

existence of an aldehyde at position12. Phomenone does not have an aldehyde at this position, 

was found to be less toxic to mice and have less of an effect on in vitro transcription compared to 

PR toxin and some of its derivatives (Moule et al. 1977). Other metabolites including 
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fumiquinazolin F, decarestrictines A-D, epoxyagroclavine-I, agroclavine-I, quinocitrinin A and 

B have been reported from P. corylophilum by Silva et al. (2004), Grabley et al. (1992) and 

Kozlovskii et al. (2013). The strains used in these studies were not deposited in recognized 

culture collections for further examination. None of these compounds or structurally similar 

metabolites were produced by the strains examined here. 

 

From a taxonomic perspective, it is not surprising that isochromans (3.1–3.4) were produced by 

P. corylophilum. Cutler et al. (1989) reported the isochroman 3,7-dimethyl-8-hydroxy-6-

methoxyisochroman (DHMI) as a plant growth regulator of P. corylophilum. DHMI had an LD50 

of 800 mg/kg in day old chickens and inhibited etiolated wheat coleoptiles by 100 and 43% at 

10
-3

 and 10
-4

 respectively. However, this isochroman was originally characterized from a P. 

steckii strain isolated from moldy millet implicated in the death of some cattle (Cox et al. 1979). 

DHMI and another related compound, 3,7-dimethyl-1,8-dihydroxy-6-methoxyisochroman, were 

characterized from the polar extract fractions of a marine P. steckii isolate (Malmström et al. 

2000). These isochromans are structurally similar to the mycotoxin citrinin. Malmström et al. 

(2000) did not observe any citrinin in the culture filtrate extracts of ten P. corylophilum strains. 

Citrinin also was not observed in the extracts of the strains examined here, although some 

authors have reported citrinin from P. corylophilum (dos Santos et al. 2011; El-Kady et al. 1994).  

However, the isolates were not identified by Penicillium specialists and were not deposited in a 

culture collection. The absence of citrinin is consistent with the separation of P. corylophilum 

from citrinin-producing Penicillium species (Houbraken and Samson 2011).  
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Compounds 3.1-3.4 are structurally similar to the isochroman CJ-12, 373 that was characterized 

from an unidentified Penicillium species. CJ-12, 373 demonstrated inhibition of prokaryotic 

DNA gyrase mediated supercoiling (IC50 = 6 µg mL
-1

) and relaxation (IC50 = 9 µg mL
-1

) as well 

as eukaryotic topoisomerase II relaxation (IC50 = 1 µg mL
-1

). Moderate antimicrobial activity 

(IC50 = 25-100 µg mL
-1

) against many Gram-positive bacteria attributed to inhibition of DNA 

gyrase was observed however it was not active against Gram positive species (Inagaki et al. 

1998).    

 

Compounds (3.6-3.8) are the first reported α-pyrones produced by P. corylophilum. At least one 

α-pyrone was identified by LC-MS in each strains EtOAc filtrate extract indicating all of the 

strains examined produce this metabolite class. The failure to detect all α-pyrones in each strain 

is possibly because they were produced at low levels (Table 3.6).  Rahbaek et al. (2003) 

characterized two new α-pyrones, verrucosapyrone A and B, as well as two known related 

structures, PC-2 and LL-P888γ from P. verrucosum. They proposed that these α-pyrones, 

particularly PC-2 due to high production, would be good biomarkers for ochratoxin A producing 

fungi since all these metabolites were additionally detected in the extracts of P. nordicum and P. 

olsonii. Citing unpublished HPLC UV data, Rahbaek et al. (2003), report that they never observe 

α-pyrones from P. citreovirens and P. citreo-viride. However, P. citreo-viride produces a wide 

variety of phenolics, meroterpenoids, and α-pyrones including citreoviridin (Lai et al. 1991; 

Kosemura 2003). Citreoviridin is a potent inhibitor of mitochondrial ATP-synthesis/hydrolysis 

as are some other pyrones and meroterpenoids (Kosemura 2003; Sakabe et al. 1997). Similar α-

pyrones were reported from P. verrucosum and the related ochratoxin-producing species P. 

nordicum and P. olsonii (Rahbaek et al. 2003). The α-pyrones isolated from ochratoxin-
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producing fungi were isolated from the same medium used in the present study. This suggests 

that different media caused differential secondary metabolites to be observed rather than 

taxonomic misidentifications in the past.  

 

The meroterpenoids andrastin A (3.10) and citreohybridonol (3.11) isolated from indoor strains 

of P. corylophilum are examples of compounds arising from a mixed polyketide-terpenoid 

biosynthesis. These particular meroterpenoids are derived from a tertraketide moiety and 3,5-

dimethylorsellinic acid. No other related structures were observed in our extracts. These natural 

products are synthesized by plants, marine organisms and many fungal genera having diverse 

structures and biological activities (Kosemura 2003). Andrastin A was originally isolated from 

the culture broth of a hybrid strain of Penicillium sp. FO-3929 with andrastin B-C. However, it is 

also produced by various Penicillium species including the P. roqueforti complex isolated from 

silage (Nielsen et al. 2005), P. panum (Rasmussen et al. 2010) P. crustosum (Sonjak et al. 2005) 

and P. albocoremium (Overy et al. 2005). Andrastin A is a fairly potent inhibitor of farnesyl 

transferase (Overy et al. 2005; Shiomi et al. 1996).  O’Brien et al. (2006) report upwards of 20 

mg kg
-1

 of andrastin A in bale grass silage fungal hot spots which agrees with the data reported 

by Rasmussen et al. (2010), mg kg
-1

. It is also present in all blue cheeses and a high percentage 

(70%) of visibly unmoldy maize silage at 0.16 mg kg
-1

 (Rasmussen et al. 2010). Recently, the 

andrastin biosynthetic gene cluster was identified and characterized constituting approximately 

30 kb and 11 genes encoding a polyketide synthase, terpene cyclase and numerous tailoring 

enyzmes (Matsuda et al. 2013). Using Aspergillus oryzae as an expression host, andrastin A, the 

most complex andrastin, was obtained illustrating the potential of fungal expression systems as a 

means of synthesizing economically important natural products. Citreohybridonol was originally 
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isolated from the mycelium of P. citreonigrum (formerly called P. citreo-viride) together with 

the related compounds citreohybridones A-B, isocitreohybridones A-B, and citreohybriddiones 

A-B (Kosemura et al. 1994). Citreohybridonol demonstrates potent anti-feedant and anti-insectal 

activities to the diamond black moth, Plutella xylostella, an economically important pest of 

cruciferous crops (Kosemura et al. 2003). These compounds exist in equilibrium between two 

different D ring tautomers and 
13

C biosynthetic studies of citreohybridones confirm that these 

compounds are produced by a mixed polyketide-terpenoid pathway suggesting that andrastins 

are precursors of citreohybridones (Kosemura et al. 2003).  

 

This is the first report of koninginins from any genus outside of Trichoderma. Koninginin A 

(3.12), E (3.13), and G (3.14) were detected from the culture filtrates of all nine strains of P. 

corylophilum, table 3.6. Other koninginins were present in these P. corylophilum extracts in 

minor amounts based on UV and MS data. Koninginin A, the first reported metabolite from this 

natural products class, was originally characterized from a strain of Trichoderma koningii 

isolated from a wilting plant (Cutler et al. 1989) and has since been reported from T. harzianum 

(Ghisalberti and Rowland 1993). Following this, koninginin E also from T. koningii (Parker et al. 

1995) and koninginin G from T. aureoviride were reported (Cutler et al. 1999). Additional 

koninginins have been characterized from other Trichoderma spp. including T. koningii, T. 

pseudokoningii, T. harazium, and T. aureoviride (Reino et al. 2008). These metabolites exhibit 

plant growth regulatory properties by inhibiting the etiolation of wheat coleoptiles at 10
-3

M; 

however, they do not possess any potent antimicrobial properties. Ghisalberti and Rowland 

(1993) investigated the use of antibiotic metabolites for agricultural bio-control applications. 

They report some modest antifungal activity for koninginins D and F against the fungus, 
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Gaeumannomyces graminis var tritici that causes take all in wheat and barley (Ghisalberti and 

Rowland 1993).  Due to the structurally similarities certain koninginins have to vitamin E and 

some flavonoids that inhibit phopholipase A2 (PLA2), they were investigated for this activity. 

Koninginin E and F were both efficient inhibitors of two PLA2 homologs as well as pit viper 

(Bothrops jararacussu) venom. Koninginin A could not inhibit either of the three which is most 

likely due to the presence of an additional endocyclic ring preventing interaction with the 

enzymes (Souza et al. 2008). Koninginins are not known for potent or broadspectrum biological 

activities however they may elicit amplified activity when in their proper biological niche.  

 

This investigation of secondary metabolites produced by P. corylophilum strains isolated from 

the built environment geographically distributed across Canada has revealed a number of 

expected, unexpected and previously unknown compounds. The identifications of isochromans 

and phomenone were consistent with the literature. The report of the meroterpenoid andrastin A 

is consistent with unpublished data from some European strains (Dr. J. David Miller with Prof. 

Jens Frisvad, personal communication). The identification of the koninginins from P. 

corylophilum was unexpected, but there are other examples of secondary metabolites appearing 

in unrelated taxa, and these appear to be increasing in number. The use of larger scale 

fermentations with various culture media has produced unexpected metabolites even in very well 

studied Penicillium species (Nielsen et al. 2006).  Penicillium corylophilum was included in the 

P. citrinum series by Raper and Thom (1949) and series Citrina by Pitt (1979). The metabolite 

data presented here, particularly the absence of citrinin, support the removal of P. corylophilum 

from the Penicillium section Citrina by Houbraken et al. (2011) to their section Exilicaulis.  

EXPERIMENTAL 
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P. corylophilum Cultures 

Penicillium corylophilum Dierckx isolates were obtained from Paracel Laboratories Ltd. 

(Ottawa, Ontario) and were all collected directly from building materials or indoor air samples 

(Table 3.7). Cultures were grown on 2% malt extract agar (MEA) and Czapek yeast extract agar 

and microscopic features were consistent with literature descriptions of this species (Samson et 

al. 2010).  DNA was extracted from the mycelium of each strain using an UltraClean DNA 

Isolation Kit (MO BIO Laboratories 12224-250). PCR amplification and sequencing of the ITS1, 

5.8S and ITS2 genes were performed by the National Fungal Identification Service, Ottawa, 

Ontario. The PCR primers used were UN-Up18S42 (5′ - CGTAACAAGGTTTCCGTAGGT 

GAAC-3′) and UN-Lo28S22 (5′ -GTTTCTTTTCCTCCGCTTATTGATATG-3′).The PCR 

fragments were sequenced, aligned using MAFFT and subsequently compared to each other and 

the sequence of P. corylophilum using the BLASTN algorithm against the NCBI nucleotide 

collection database.  The identifications were confirmed by the identification service at the 

National Mycological Herbarium (Agriculture Agri-Food Canada, Ottawa) and deposited with 

the Canadian Collection of Fungal Cultures, DAOM; refer to table 3.7. All strains were 

aseptically transferred to sterile 2% malt extract agar plates and slants. These were incubated at 

25ºC until sufficient growth was observed. After this incubation period, plates were sealed with 

Parafilm and stored at 4ºC until required. 

 

 

 

Fermentation and Metabolite Screening 
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A slant of P. corylophilum DAOM 242291, randomly selected, was macerated in sterile distilled 

deionized water and an aliquot was utilized to inoculate (5%, v/v) five Roux bottles each 

containing 200 mL of yeast extract sucrose broth (YES;  20 g/L yeast extract [Difco], 150 g/L 

sucrose, 0.5 g/L MgSO4 · 7 H2O), malt extract broth (20 g/L malt extract [Difco]), or Czapek-

Dox broth (30 g/L sucrose, 3 g/L NaNO3, 1 g/L K2HPO4, 0.5 g/L MgSO4 · 7 H2O, 0.5 g/L KCl, 

0.01 g/L FeSO4 · 7 H2O, 5 g/L yeast extract). Cultures were incubated at 25ºC in the dark. To 

determine the time course for metabolite production, one Roux bottle was extracted at one week 

intervals. Fernbach flasks containing 560 mL of YES were inoculated (5%, v/v) and incubated in 

shake culture to examine the effect of aeration on metabolite production (NB Scientific triple tier 

shaker, 3.5 cm throw, 220 rpm). 

 

Table 3.7: Indoor P. corylophilum strains examined for metabolite production, location, fungal 

source and GenBank accession. 

 

Strain Location Source GenBank Accession 

DAOM 242288 Ottawa, ON Indoor air sample KF170363 

DAOM 242289 Ottawa, ON Indoor air sample KF170358 

DAOM 242290 Ottawa, ON Indoor air sample KF170357 

DAOM 242291 Montreal, QC Building materials KF170364 

DAOM 242292 Calgary, AB Indoor air sample KF170361 

DAOM 242293 Halifax, NS Building materials KF170356 

DAOM 242294 Ottawa, ON Indoor air sample KF170362 

DAOM 242295 Calgary, AB Indoor air sample KF170360 

DAOM 242296 Victoria, BC Indoor air sample KF170359 

 

 

The liquid cultures were filtered (Whatman #4) and the volume of the culture filtrate and pH 

were measured. The mycelium was frozen and stored in the freezer at -20 C. The culture filtrates 

were saturated with sodium chloride, exhaustively extracted with ethyl acetate and filtered 
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(Whatman #1) through anhydrous sodium sulfate prior to being dried by rotary evaporation. The 

dried crude extract was re-dissolved in a minimal amount of HPLC grade methanol, filtered 

through a 13 mm PTFE 0.2μm filter, and dried under a gentle stream of nitrogen gas. 

 

The dry P. corylophilum extracts were each dissolved in 1 mL of HPLC grade methanol and 

analyzed by liquid chromatography-ultra violet-mass spectrometry (LC-UV-MS). This was 

achieved using a Waters 2795 separations module, Waters 996 diode array detector, and Waters 

MicroMass Quattro LC mass spectrometer. Compounds were separated by a Phenomenex 

Kinetex C18 (100 x 4.60mm, 2.6μm, 100 Å) column (Torrance, California) using a mobile phase 

consisting of ACN- H2O with FA; [0.1%, (v/v)]. The solvent gradient was linear programmed 

from 5 to 100% ACN over 13 minutes with a flow rate of 1.0 mL min
-1

. 

 

Based on the UV and mass spectrometry data of the representative extracts, the optimal medium 

and fermentation time were determined for metabolite production by P. corylophilum DAOM 

242291. All nine strains were subsequently inoculated as above into three Roux bottles 

containing 200 mL of sterile YES media and grown in stationary culture for two weeks in the 

dark at 25 C. The culture filtrate and cells were treated as above. 

 

Calibration plots for compounds (3.1-3.4, 3.6-3.14) were constructed using the same LC 

conditions described above for screening extracts; however, the gradient was linear programmed 

for 20 minutes instead of 13. The MS was operated in selected ion monitoring (SIM) mode using 

the [M+H]
+
 ion for all compounds except 3.1 and 3.2 where the dehydrated ion, [M-H2O+H]

+
 , 

was utilized. Each standard solution was analyzed in triplicate and the calibration plot was 
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represented by 0.1, 1.0, and 10 µg purified compound on the column. The extracts were screened 

by LC-MS for the production of citrinin by reference to an authentic standard (Sigma). 

 

 

 

Metabolite Isolation 

Larger scale fermentations of P. corylophilum DAOM 242293 were done to produce sufficient 

quantities of metabolites for structural elucidation and toxicity assays. The optimal fermentation 

conditions determined during the screening process (YES liquid media, 25ºC, stationary in the 

dark) were used for larger scale fermentations in Glaxo bottles. Twenty 250 mL Erlenmeyer 

flasks containing 50 mL of sterile YES liquid media were inoculated (5% v/v) and incubated 

using conditions that favored metabolite production until sufficient growth was observed (~3 

days). Starter cultures were macerated, individually transferred to Glaxo bottles containing 1 L 

of the same sterile media and left for two weeks under the same fermentation conditions 

described above. 

 

After fermentation, the culture filtrate was separated from the mycelia by vacuum filtration 

(Whatman #4), saturated with NaCl, exhaustively extracted with ethyl acetate (EtOAc), filtered 

(Whatman #1) through anhydrous Na2SO4 and dried by rotary evaporation. The crude filtrate 

extracts were pooled, taken up in a minimal amount of methanol and dried under a gentle stream 

of nitrogen. 
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The crude EtOAc extract (5.2 g) was subjected to vacuum liquid chromatography on a short 

silica gel column using a step gradient elution with hexanes-EtOAc (0-100%) in 20% increments 

followed by EtOAc-MeOH (0-100%) in 10% increments. The 100% EtOAc fraction (1.5 g) was 

further fractionated by flash column chromatography on silica gel (40-63 µm) using a MeOH-

CHCl3 gradient that increased from 0 to 10% MeOH-CHCl3 in 1% increments to yield nine 

fractions. Fraction 2 eluted in 1% MeOH and yielded phomenone, 3.9, (3.0 mg) as well as the 

meroterpenoids andrastin A, 3.10, (3.4 mg) and citreohybridinol, 3.11, (5.3 mg). Fraction 4 

eluted in 3% MeOH-CHCl3 and yielded koninginin A, 3.12, (22.0 mg), E, 3.13, (6.0 mg) and G, 

3.14, (5.3 mg) as well as compound 3.6 (2.3 mg). Fraction 7 eluted in 7% MeOH-CHCl3 and 

provided compound 3.7 (3.0 mg). Both fractions 4 and 7 were further purified by reverse phase 

(RP) semi-preparative HPLC using a Phenomenex Luna C18 (250 x 10.00 mm, 5μm, 100 Å) 

column to yield the mentioned metabolites. The linear gradient was programmed from 10-80% 

ACN-H2O over 19 minutes with a flow rate of 4 ml min
-1

. Compound 3.7 was obtained from 

fraction 7 eluting in 70% ACN-H2O and compound 3.6 was purified from fraction 4 eluting in 

56% ACN-H2O.  

 

The 50% EtOAc-MeOH (3.2 g) fraction from the step gradient was applied to a silica gel column 

and washed with 10% MeOH-CHCl3 to remove less polar components and further fractionated 

by a MeOH-CHCl3 gradient using 10% increments. The 20% MeOH-CHCl3 fraction (1.5 g) was 

subjected to Sephadex LH-20 using 100% MeOH as the mobile phase, yielding nine fractions. 

The first three fractions were pooled and applied to a silica gel column using a MeOH-CHCl3 

gradient increasing from 0 to 10% MeOH-CHCl3 in 1% increments, yielding three fractions. 

Fraction 2 was further purified by RP semi-preparative HPLC using a Whatman Partisil 10 ODS-
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3 C18 (250 x 9.40 mm, 10μm) and a linear gradient programmed from 5 to 45% ACN-H2O over 

19 minutes.  This afforded compound 3.8 (1.1 mg) that eluted in 49% ACN-H2O. The other six 

Sephadex fractions were spectroscopically the same and were fractionated by RP semi-

preparative HPLC using the same methods as described for compound 3.8. Compounds 3.1 (8.4 

mg), 3.2 (12.3 mg), 3.3 (4.6) and 3.4 (3.6 mg) eluted in 58, 60, 69, and 71% ACN- H2O, 

respectively.  

 

Methylation of 3.1 with Diazomethane  

 

Compound 3.1 (4.0 mg) was dissolved in 500 µL of HPLC grade methanol and an excess of 

diazomethane was added at room temperature. The reaction mixture was stirred until nitrogen 

gas liberation halted. The reaction mixture was dried under a gentle stream of nitrogen and the 

methylated product was cleaned up by semi-preparative reverse phase HPLC to yield 3.5, as 

previously described above for compounds 3.1-3.4. 

 

Preparation of the (R)- and (S)-MTPA Esters of compound 3.2 

 

Compound 3.2 (1.5 mg) was dissolved in 500 µL of dry pyridine. 2 mg of N, N-dimethyl-4-

aminopyridine (DMAP) and 10 µL of (S)-MTPACl were added. The reaction mixture was stirred 

at room temperature overnight. The reaction was quenched with 1 mL of distilled deionized H2O 

and extracted with EtOAc (3 x 2 mL). The organic phase was washed with 2 mL of 5% 

NaHCO3, passed through anhydrous Na2SO4 and dried under a gentle stream of nitrogen to yield 
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the (S)-MTPA ester of compound 3.2. By the same methods, the (R)-MTPA ester of compound 

3.2 was also obtained. 

 

General Experimental Procedures 

 

NMR experiments (
1
H, 

13
C, HSQC, HMBC, COSY, DEPT, ROESY) were performed on a 

Bruker Avance III 700 MHz NMR spectrometer equipped with a 5 mm QNP cryoprobe and 

operating at 700.17 MHz for 
1
H and 176.06 MHz for 

13
C or Bruker Avance 400 Spectrometer 

(Milton, On) at 400.13 (
1
H) and 100 MHz (

13
C) using a 5 mm auto-tuning broadband probe with 

a Z-gradient.  Compounds were dissolved in CD3OD (CDN Isotopes, Point Claire, Quebec) and 

referenced to the solvent peak (δH 3.31 or δC 49.1). HRESIMS spectra were obtained on a Q-

Star high resolution mass spectrometer. Semi-preparative HPLC was achieved using an Agilent 

1100 HPLC system equipped with a diode array detector and compounds were separated by 

either a Whatman Partisil 10 ODS-3 C18 (250 x 9.40 mm, 10μm) or Phenomenex Luna C18 (250 

x 10.00 mm, 5μm, 100 Å) column. Column fractions were screened by LC-UV-MS using a 

Waters 2795 separations module, Waters 996 diode array detector, and Micromass Quatro LC 

mass spectrometer. Fractions were separated by a Phenomenex Kinetix C18 (100 x 4.60mm, 

2.6μm, 100 Å) column (Torrance, California) using a mobile phase consisting of ACN- H2O 

with formic acid (FA); [0.1%, (v/v)]. The solvent gradient was linear programmed from 5 to 

100% ACN over 13 minutes with a flow rate of 1.0 ml min
-1

. Optical rotations were measured 

using an Autopol IV polarimeter (Rudolph Analytical, NJ). UV spectra were obtained on a 

Varian Cary 3 UV-visible spectrophotometer scanning from 800-190 nm. silica gel (Silicycle; 



124 

 

40-63 µm), Sephadex LH-20 (GE) and TLC (0.2 mm silica gel 60 F254 pre-coated) plates were 

used in the isolation of metabolites. 

 

Antimicrobial Assays 

 

Compounds 3.1-3.4, 3.6-3.8 were tested for in vitro antimicrobial activity against Pseudomonas 

putida (ATCC 12633), Bacillus subtilis (ATCC 23857) and Saccharomyces cerevisiae. Bacteria 

were inoculated and grown in 5 g L
-1

 yeast extract, 10 g L
-1

 peptone and 10 g L
-1

 NaCl. S. 

cerevisiae was inoculated and grown in 1g L
-1

 yeast extract supplemented with 10 g L
-1

 glucose. 

Compounds were individually tested at 0.5, 5 and 50 µg mL
-1

 in 96 well microplates (Nunc-

Immuno MaxiSorp). Compounds 3.1-3.4 were additionally tested at 100 µg mL
-1

 due to 

metabolite availability. Compounds were dissolved in DMSO and a 10 µL aliquot of each 

individual metabolite solution was added to 200 µL of bacterial and yeast suspension. 

Chloramphenicol (50 µg mL
-1

) and nystatin (100 µg mL
-1

) were used as respective positive 

controls whereas DMSO was the negative control. Assays were performed in triplicate and 

incubated at 28
o
C with constant shaking (700 RPM). Optical density (OD) measurements were 

made at 600 nm with a Molecular Devices Spectra Max 340PC reader (Sunnyvale, CA) taken 

hourly for bacteria and every four hours for yeast. Antimicrobial OD data were analyzed by 

ANOVA followed by Tukey’s test (P < 0.05) for significant growth differences (Systat V13) 

compared to the negative control (DMSO). 
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CHAPTER IV 

 

 

CHARACTERIZATION OF METABOLITES FROM WALLEMIA SEBI 
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INTRODUCTION 

 

The genus Wallemia has been taxonomically placed in the phylum Basidiomycota and is 

comprised of three species: W. sebi, W. muriae, and W. ichthyophaga (Zalar et al. 2005). This 

genus was previously described by mycologists as halophilic; however, it is xerophilic as growth 

within this phylogenetic grouping is independent of the solute used to increase the osmotic 

pressure of the medium (Pitt and Hocking 2009; Wheeler et al. 1988). Xerophilicity within the 

Basidiomycetes is rare. However, phylogenetic analysis of both nuclear small subunit ribosomal 

DNA and ITS 1 and 2 regions including the 5.8S rDNA supports the placement of this genus 

within this taxonomic group (Matheny et al. 2006; Padamesee et al. 2012; Zalar et al. 2005).  

 

W. sebi is a primary colonizer that grows when the aw of the substrate is below 0.80. The term 

water activity, aw, refers to the amount of biologically available water within a substrate. This is 

defined as the ratio of the vapour pressure exerted by water in the (hygroscopic or porous) 

material to the vapour pressure of pure water at the same temperature and pressure. The aw can 

be determined indirectly by using a dew point meter to measure the relative humidity of the 

atmosphere within a sealed container in which a sample of the material has been allowed to 

equilibrate (Flannigan and Miller 2011). This species is capable of sporulation within one or two 

days when grown on media with aw values between 0.99-0.91 and within five days when the aw 

was 0.85 at 25
o
C (Pitt and Hocking 2009). W. sebi is capable of growth over a wide aw range, 

0.69 to 0.99, at 25
o
C in glucose or fructose media. It grows slowly on higher aw media such as 

CYA or MEA whereas the other two currently recognized Wallemia species, W. muriae and W. 

ichthyophaga, cannot grow on these media (Pitt and Hocking 2009; Zalara et al. 2005). W. sebi 
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has been shown to grow very slowly when there is no solute within the growth medium (Kuncic 

et al. 2010). Figure 4.1 depicts W. sebi growing on MEA.  

 

 

Figure 4.1: W. sebi growing on 2% Malt Extract Agar.  

 

W. sebi is cosmopolitan; however, it is easily overlooked because  it forms small, dull brown 

colonies that would typically be overgrown by other fungi on conventional growth media (Botic 

et al. 2012; Wood et al. 1990). More than a century ago, it was studied because it grew on and 

spoiled dried salted fish (Frank and Hess 1941). W. sebi frequently spoils low moisture 

commodities, particularly sweet (cakes, dates, jams, fruits), salty (fish, meat, peanuts) and or 

dried (cereal, bread, rice) foods (Samson et al. 2010). This cosmopolitan species is also often 

isolated from indoor and outdoor air (Takahashi 1997), soil and sea salt (Domsch et al. 2007). 

Japanese and European researchers first demonstrated that W. sebi is abundant in the settled dust 

of homes (Lustgraaf 1978; Sakamoto et al. 1989; Takahashi 1997) and more recently, it has been 

frequently detected in house dust in Canada, USA and Western Europe (Amend et al. 2010; 

Miller and Day 1997; Nonnenmann et al. 2012). This species has been reported to cause both 
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cutaneous and sub-cutaneous infections in humans and occupational allergy in farmers 

(Lappalainen et al. 1998; Reboux et al. 2007). Sensitization to W. sebi was first reported in Japan 

(Sakamoto et al. 1989). This species is known to elicit an IgE response in humans (Simon-Nobbe 

et al. 2007).  

 

Despite its small genome, W. sebi has evolved specific adaptions to thrive in high saline and 

sugar environments. These adaptations could include altered cell morphology, a compatible 

solutes strategy, changing plasma membrane fluidity and altered gene expression (Gunde-

Cimerman et al. 2009). Increased cell wall thickness and decreased hyphal compartment length 

have been reported from Wallemia species in response to high salt concentrations (Kuncic et al. 

2010). Three gene families found in Wallema are thought responsible for the ability to adapt to 

conditions with high osmotic tension: HSP20, Dabb and AA_trans genes. Some of these are also 

found in in poplar (Populus balsamifera) (Padamesee et al. 2012). This intriguing fungus has 

received increased attention due to its unique phylogenetic position, its ability to at adapt to 

harsh environments and increased awareness of its health implications. 

 

There are a limited number of reports regarding secondary metabolites from W. sebi. This is 

most likely due to its xerophilic nature that makes it difficult to culture by conventional methods. 

A strain isolated from a spoiled sweet cake produced the sesquiterpenes walleminol and 

walleminone (figure 4.2; Frank et al. 1999). These caryophyllenes were previously designated 

walleminol A and B by Wood et al. (1990) respectively. Walleminol has an LD50 of 40 µg mL
-1

 

for brine shrimp and a minimum inhibitory dose of 50 µg mL
-1

 for rat liver cells (Wood et al. 

1990). The tryptophan metabolite tryptophol was also isolated as a major impurity during the 
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purification of walleminol (Wood et al. 1990). Tryptophol is an endogenous plant constituent 

and growth regulator that is also a byproduct of alcohol fermentation by S. cerevisiae. It has also 

been reported to have cytotoxic and genotoxic effects in human cell lines (Kosalec et al. 2008). 

The antibiotic antitumor azasteroids UCA 1064-A and UCA 1064-B (figure 4.2) have also been 

reported from W. sebi. The latter compound demonstrated weak activity against Saccharomyces 

cerevisea, Gram positive bacteria and was cyctotoxic to HeLa cells (IC50, 15 µM; Takahashi et 

al. 1992). A cyclopentanopyridine alkaloid (figure 4.2) with modest activity to Enterobacter 

aerogenes and weak cytotoxic was reported from a marine halotolerant W. sebi isolate along 

with eleven known aromatic compounds by Peng et al. (2011). This species is also reported to 

produce the pyrrol-2-ylpolyene pigments wallemia A- F (figure 4.2; Badar et al. 1973; Ito et al. 

1981) and hemolytic compounds in response to salt stress (Botic et al. 2012). Kogej et al. (2006) 

screened various xerophilic fungi for mycosporine production when cultured on a medium of 

high osmotic tension. No mycosporine production was observed for the one strain of W. sebi 

studied. Figure 4.2 illustrates some previously reported secondary metabolites from W. sebi. 

 

There are no reports of the metabolites produced by strains of W. sebi from the USA or Canada. 

Here, metabolites isolated from W. sebi UAMH 7897, a strain recovered from dust in a school 

vent in northern Saskatchewan, were isolated and identified. Additional indoor strains were 

shown to produce the same metabolites in similar yields.  
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Figure 4.2: Secondary metabolites previously reported from W. sebi. 
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RESULTS AND DISCUSSION 

 

 

Isolation and Structural Characterization of W. sebi Metabolites 

 

 

The W. sebi strains (table 4.4) examined for metabolites produced the compounds isolated in 

similar amounts (table 4.4). All metabolites isolated and structurally characterized by NMR and 

mass spectrometry were done with W. sebi UAMH 7897 extracts as it was easily grown in liquid 

culture compared to some of the other strains investigated here. Walleminone (4.1) and 

tryptophol (4.3), both previously reported from W. sebi, a structurally new compound named 

wallimidione (4.2) here and tryptophol acetate (4.4), phenylacetic acid (4.5) and p-

hydroxybenzaldehyde (4.6), reported from W. sebi for the first time, were isolated from the 

EtOAc extract of the liquid culture. Their isolation and structural elucidation are described 

below. 

 

Walleminone (4.1); 4.2 mg; colorless oil; []
25

D + 35 (c 0.2, MeOH); UV (MeOH)/nm max (log 

) 296 (2.20), 230 (2.56); HRESIMS m/z 253.1819 [M+H]
+
 (calculated for C15H25O3, 253.1804). 

1
H NMR (CD3OD, 400 MHz) and 

13
C NMR (CD3OD, 100 MHz) data were consistent with 

published data by Frank et al. (1999) and can be found in table 4.1. The structure of walleminone 

can be found in figure 4.3. 
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Figure 4.3: Structure of Walleminone (4.1). 

 

Table 4.1: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) Walleminone (4.1) in CD3OD. 

 

Position δC, type δH (J, Hz)  
1 50.2, CH 2.29, m 

2 42.6, CH2 2.05, dd (1.8, 12.8) 

  2.88, dd (10.8, 12.8) 

3 224.0, C  

4 48.2, CH 3.31, m 

5 79.8, CH 3.45, dd (2.8, 10) 

6 71.7, CH 3.34, dd (2.6, 10) 

7 45.2, 2.30, m 

  2.42, dd (11.0, 14.6) 

8 147.8, C  

9 38.2, CH 3.15, m 

10 36.1 1.69, ddd (3.0, 8.1, 11.2) 

  2.00, dd (11.1, 11.2)  

11 34.5, C  

12 30.1, CH3 1.26, s 

13 25.1, CH3 0.90, s 

14 14.0 1.11, d (7.0) 

15 115.0, CH2 5.09, d (1.5) 

  5.32, bs 

 

 

1-Benzylhexahydroimidazo [1,5-α] pyridine-3,5-dione (4.2) was isolated as a light yellow oil 

with the molecular formula C14H16N2O2 determined by HRESIMS with m/z 245.1293 [M+H]
+
 

(calculated for 245.1290). The UV spectrum displayed absorption maxima at 275, 248 and 220 

nm, indicating the presence of a conjugated system within the molecule. Examination of the 
1
H 
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and 
13

C NMR data (Table 4.2), displayed three sp
2
 quaternary carbons including two carbonyls 

and one aromatic carbon, five aromatic methines, two sp
3
 methines and four sp

3
 methylenes. 

 

Analysis of 
1
H NMR spectroscopic data revealed the presence of a mono-substituted aromatic 

ring. In the HMBC spectrum, the cross-peak observed between the methylene protons at  3.16 

(dd, J = 2.7, 5.1Hz) and the aromatic carbons at  137.3,  129.4 and  131.0, located this 

methylene group at the benzylic position. 

 

In the COSY, an extended spin system was observed from the benzylic methylene protons at  

3.16, sequentially to the two aliphatic methines at  4.44 (m) and  4.04 (ddd, J = 1.7, 6.7 10.9 

Hz), to the three methylenes at  1.75-1.83 (m),  2.10, 1.19 (m) and  3.37 (m), 3.53 (dt, J = 8.0, 

12.0 Hz). The terminal unequivalent methylene protons, H-6, in the spin system showed HMBC 

correlations with a carbonyl at  170.0. The two methines at  4.44 and  4.04 displayed HMBC 

correlations with carbonyls at  170.0 and  166.9 respectively. The carbon chemical shifts of the 

methines at  57.7 and  60.0 suggested that they are nitrogenated. It was deduced that the two 

nitrogens directly bound to the methines form amide bonds with the respective carbonyls at  

170.0 and  166.9. The high resolution mass and spectroscopic data indicated the presence of an 

imidazo [1, 5-α] pyridine-3,5-dione substituted with a benzyl moiety.  

 

The structure of (4.2) was determined to be 1-benzylhexahydroimidazo [1,5α] pyridine-3, 5-

dione, given the common name wallimidione here. The relative stereochemistry of positions H-1 

and H-8a were determined by NOE. An NOE correlation was observed between H-1/H-8a 

indicating that the two stereogenic methines are in the same plane. 



134 

 

 

 

 

Figure 4.4: Structure of Wallimidione (4.2). 

 

Wallimidione (4.2); 3.7 mg; light yellow oil; []
25

D - 68 (c 0.2, MeOH); UV (MeOH)/nm max 

(log ) 275 (2.72), 248 (2.99) 220 (3.11); HRESIMS m/z 245.1293 [M+H]
+
 (calculated for 

C14H17N2O2, 245.1290); 
1
H NMR (CD3OD, 400 MHz) and 

13
C NMR (CD3OD, 100 MHz) data 

are reported in table 2. The structure of wallimidione can be found in figure 4.4. 

 

Table 4.2: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) Wallimidione (4.2) in CD3OD. 

 

Position δC, type δH (J, Hz)  
1 57.7, CH 4.44, m  

3 166.9, C  

5 170.0, C  

6 45.9, CH2 3.37 m 

  3.53 dt (8.3, 12.0) 

7 22.7, CH2 1.75 - 1.83 m 

8 29.4, CH2 2.10 m 

  1.19 m 

8a 60.0, CH 4.04 ddd (1.7, 6.5, 10.9) 

1’ 38.2, CH2 3.16 dd (2.7, 5.1) 

2’ 137.3, C  

3’ 131.0, CH 7.20 - 7.30  

4’ 129.4, CH 7.20 - 7.30  

5’ 128.1, CH 7.20 - 7.30  

6’ 129.4, CH 7.20 - 7.30  

7’ 131.0, CH 7.20 - 7.30  
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Figure 4.5: Structure of Tryptophol (4.3). 

 

Tryptophol (4.3); 16.3 mg; brown solid; 
1
H NMR (CD3CN, 400 MHz) δ 9.10 (bs, 1H, H-1), 7.58 

(d, 1H, H-8), 7.39 (d, 1H, H-5), 7.10-7.14 (m, 1H, H-6), 7.09 (s, 1H, H-2), 7.02-7.06 (m, 1H, H-

7), 3.76 (t, 2H, H-10), 2.93 (t, 2H, H-11); 
13

C NMR (CD3CN, 100 MHz) δ 137.8 (C-4), 128.5 (C-

9), 123.6 (C-2), 122.2 (C-6), 119.5 (C-8), 119.4 (C-7), 113.1 (C-5), 112.0 (C-3), 62.9 (C-11), 

29.3 (C-10); LRESIMS m/z 162.02 [M+H]
+
 (calculated for C10H12NO, 162.0919). The structure 

of tryptophol (4.3) can be found in figure 4.5. The presence of tryptophol in the crude filtrate 

extract was confirmed by an analytical standard (Sigma). 

 

 

Figure 4.6: Structure of Tryptophol acetate (4.4). 
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Tryptophol acetate (4.4); 49.2 mg; brown-red oil; 
1
H NMR (CD3CN, 400 MHz) δ 9.13 (bs, 1H, 

H-1), 7.58 (d, 1H, H-8), 7.38 (d, 1H, H-5), 7.12 (m, 1H, H-6), 7.03 (m, 1H, H-7), 4.28 (t, 2H, H-

11), 3.04 (t, 2H, H-10), 1.93 (s, 3H, H-14); 
13

C NMR (CD3CN, 100 MHz) δ 171.8 (C-13), 137.4 

(C-4), 128.3 (C-9), 124.1 (C-2), 122.6 (C-6), 119.8 (C-8), 119.4 (C-7), 112.3 (C-5), 65.2 (C-11), 

25.2 (C-10), 21.2 (C-14); LRESIMS m/z 204.12 [M+H]
+
 (calculated for C12H14NO2, 204.1024). 

The structure of tryptophol acetate (4.4) can be found in figure 4.6.  

 

 

Figure 4.7: Structure of Phenylacetic acid (4.5). 

 

 

Phenylacetic acid (4.5); 12.9 mg; clear solid; 
1
H NMR (CD3CN, 400 MHz) δ 7.91 (bs, 1H, OH-

9), 7.25-7.36 (m, 5H, H-2 to 6), 3.62 (s, 2H, H7); 
13

C NMR (CD3OD, 100 MHz) δ 173.6 (C-8), 

135.7 (C-1), 130.4 (C-2), 130.4 (C-6), 129.4 (C-3), 129.4 (C-5), 127.8 (C-4), 41. (C-7); 

LRESIMS m/z 134.9 [M-H]
-
 (calculated for C8H7O2, 135.0446). The structure of phenyl acetic 

acid (4.5) can be found in figure 4.7. The presence of phenylacetic acid in the crude filtrate 

extract was confirmed by an analytical standard (Sigma). 
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Figure 4.8: Structure of p-Hydroxybenzaldehyde (4.6). 

 

p-Hydroxybenzaldehyde (4.6); 17.2 mg; light yellow oil; 
1
H NMR (CD3CN, 400 MHz) δ 9.80 

(bs, 1H, H-7), 7.72 (d, 2H, H-2 and H-6), 6.91 (d, 2H, H-3 and H-5); 
13

C NMR (CD3OD, 100 

MHz) δ 191.2 (C-7), 162.1 (C-4), C-130.4 (C-1), 132.3 (C-2, C-6), 115.8 (C-3, C-5); LRESIMS 

m/z 120.9 [M-H]
-
 (calculated for C7H5O2, 121.0290). The structure of p-hydroxybenzaldehyde 

(4.6) can be found in figure 4.8. 

 

From a representative strain (UAMH 7897), walleminone (4.1), wallimidione (4.2), tryptophol 

(4.3), tryptophol acetate (4.4), phenylacetic acid (4.5) and p-hydroxybenzaldehyde (4.6) were 

isolated and characterized by NMR spectroscopy. The proton and carbon spectra for 

walleminone isolated here matched the reported data of Frank et al. (1999). We did not isolate or 

observe walleminol by LC-UV-MS however this is not surprising. Natural interconversion of 

walleminol to walleminone most likely occurs by an epoxidation of the E-alkene in walleminol 

followed by a subsequent rearrangement to walleminone. This is not unprecedented for other 

naturally occurring caryophyllenes (Frank et al. 1999).  

 

The structure wallimidione (4.2) appears to be rather unusual. No other natural products with the 

same hexahydroimidazo [1, 5α] pyridine-3,5-dione core structure could be found in a sub-

structure similarity search of the ACS database SciFinder
®
.  An analysis for structural alerts of 
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walleminone of with TOXTREE (EU Joint Research Centre, Institute for Health and Consumer 

Protection) confirmed the available data showing modest toxicity. However, a similar analysis of 

the novel compound wallimidione revealed several indications of toxicity, requiring further in 

vitro testing as was done with the previously discussed Chaetomium and Penicillium metabolites. 

However, due to sample limitation and additional toxicity assays aimed at determining the role 

of fungal secondary metabolites impact on human health, this was not performed. 

 

The identification of the tryptophan metabolite tryptophol was not surprising as it was reported 

as a major impurity during the isolation of walleminol A (Wood et al. 1990). The presence of 

tryptophol was confirmed by an analytical standard. The related compound, tryptophol acetate 

was additionally isolated and this appears to be a first report from this species. This compound 

has been previously isolated from the fungus Ceratocystis fagacearum, a pathogen of the oak 

tree (Fenn et al. 1977). This also appears to be the first report of phenylacetic acid and p-

hydroxybenzaldehyde from W. sebi of which the former metabolite was confirmed by an 

analytical standard. Phenylacetic acid has been reported from numerous fungi including 

Penicillium herquei (Ding et al. 2008), Penicillium digitatum (Ariza et al. 2002), as well as 

Biscogniauxia mediterranea (Evidente et al. 2005). p-hydroxybenzaldehyde has been reported 

from Ophiostoma crassivaginata and an unidentified endophyte of a Chilean coniferous tree, 

Prumnopitys andina (Schmeda-Hirschmann et al. 2005).  

 

Structurally similar para-substituted aromatic metabolites and other indole compounds were 

reported by Peng et al. (2011) who additionally characterized a characterized a new 

cyclopentanopyridine alkaloid from W. sebi. We did not isolate or observe any pyrrol pigments, 
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wallemia A- F (Badar et al. 1973), or nitrogen bearing sterol similar to UCA1064-A and B 

(Takahashi et al. 1993). The metabolite data here would somewhat agree with the observations of 

Kogej et al. (2006), that this fungus produces metabolites that are not UV active. All strains 

examined here were fermented in triplicate using Roux bottles and screened by LC-UV-MS. All 

W. sebi strains investigated produced the same metabolites in similar yields (table 4.4). 

 

Table 4.3: Metabolite production by indoor W. sebi strains examined. 

 Compound 

Strain 4.1 4.2 4.3 4.4 4.5 4.6 

UAMH 7897 + + +++ +++ +++ ++ 

CBS 463.97 + + + ++ ++ + 

DAOM 226641 + + +++ +++ +++ ++ 

DAOM 226642 + + ++ +++ +++ + 

DAOM 242570 + + +++ +++ +++ ++ 

DAOM 242571 + + ++ +++ +++ ++ 

+  < 1 mg L
-1 

++  > 1 mg L
-1

, < 10 mg L
-1 

+++  > 10 mg L
-1 

 

 

Until recently, there was little information concerning the fungi that naturally inhabit hypersaline 

environments. Most studies have focused on bacteria and Archaea as it was believed that 

eukaryotic organisms could not adapt to these extreme environments. However, extremophilic 

fungi are now known to be found around the planet where tolerance to low water activity has 

been observed within 10 of the 140 orders of known fungi (Sepcic et al. 2011). The fungi 
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identified as xerophilic were not closely related. Tolerance to low aw was typically limited to a 

few species within each order. This indicates multiple evolutionary adaptations have been made 

by phylogenetically distinct xerophilic fungi to deal with high osmotic tension. Adaptations of 

xerophilic fungi include altered gene expression in response to solute concentrations, the 

accumulation of sugar alcohols in the cytoplasm, changing plasma membrane fluidity and 

perhaps secondary metabolite production (Gunde-Cimerman et al. 2009; Petterson and Leong 

2011). 

 

The majority of food-borne fungi synthesize secondary metabolites when the water activity of 

their substrate is high, close to 1.0 and at mesophilic temperatures (20-25 °C) (Frisvad and 

Thrane 1995). Despite the obvious physical differences between cold temperatures and high 

solute commodities, the common stressor for fungal growth is low water activity. There are only 

a few exceptions where secondary metabolite production is stimulated by typically unfavorable 

conditions such as low temperatures, desiccation or high solute concentrations that generate low 

water activity environments. This was observed with W. sebi as walleminone was produced in 

higher quantities as the amount of solute added to the liquid media increased lowering the water 

activity (Wood et al. 1990; Frank et al. 1999). In the present study, similar observations were 

made. The liquid media used here was the same as reported by Frank et al. (1999). Kogej et al. 

(2006) reported increased mycosporine production with increased osmotic tension in 

Cladosporium sphaerospermum, Cryptococcus liquefaciens, and Aureobasidium pullans. 

However, this was not observed for the one W. sebi isolate studied nor were these UV absorbing 

compounds observed in the extracts examined in this study.  Botic et al. (2011) suggested 

unsaturated fatty acids induced by high salt concentrations lyse mammalian erythrocytes in W. 

sebi. Sepcic et al. (2011) examined the antimicrobial activity of crude extracts from xerophilic 



141 

 

fungi under conditions for mesophilic growth and low aw (low temperature, increased glucose 

and salt concentrations). Increased activity was observed in the extracts of xerophilic, stressed 

fungi. This suggested that low water activity conditions may induce the production of bioactive 

secondary metabolites from xerophilic fungi. Aqueous extracts were not active relative to 

organic extracts further suggesting the antimicrobial effects are due to secondary metabolites.  
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EXPERIMENTAL 

 

W. sebi Cultures 

 

 

The six W. sebi strains examined here for metabolites are deposited in culture collections and 

were isolated from indoor environments in Canada and the Netherlands, see table 4.5. Cultures 

were aseptically transferred to sterile 2% yeast extract (Difco), 20% sucrose agar plates and 

slants. These were incubated at 25°C until sufficient growth was observed. After this incubation 

period, plates and slants were sealed with Parafilm and stored at 4°C until required. 

 

Table 4.4: W. sebi strains examined for metabolite production and fungal source.  

 

Strain Location Sampling Material  

UAMH 7897 Saskatchewan, Canada Indoor dust 

CBS 463.97 South Holland, Netherlands Indoor dust 

DAOM 226641 Ottawa, Canada Indoor dust 

DAOM 226642 Ottawa, Canada Indoor dust 

DAOM 242570 Ottawa, Canada Indoor dust 

DAOM 242571 Ottawa, Canada Indoor dust 

 

Fermentation and Metabolite Screening 
 

 

A slant of each W. sebi described in table 4.4 was macerated with a Polytron homogenizer in 

sterile distilled deionized water and a 5% (v/v) aliquot was utilized to inoculate Roux bottles in 

triplicate containing 200 mL of autoclaved 2% yeast extract media supplemented with 20% 

sucrose. Each Roux bottle was incubated stationary at 25°C in the dark for 6 weeks in a growth 

chamber.  
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The liquid culture was separated from the cells after the six week incubation period by vacuum 

filtration through a Whatman #4 filter paper. The cells were frozen, lyophilized and stored in the 

freezer at -20 ºC, and the culture filtrate volume and pH were recorded. The culture filtrates were 

saturated with NaCl, exhaustively extracted with ethyl acetate (EtOAc), passed through a 

Whatman # 1 filter paper and anhydrous sodium sulfate prior to being dried by rotary 

evaporation. The dry crude extract was re-dissolved in a minimal amount of HPLC grade 

methanol, filtered through a 25 mm PTFE (0.2μm) syringe filter, and dried under a gentle stream 

of nitrogen gas. 

 

Each dry W. sebi filtrate extract was dissolved in 2 mL of HPLC grade methanol and analyzed by 

LC-UV-MS. This was performed using a Waters 2795 separations module, Waters 996 diode 

array detector, and Micromass Quatro LC mass spectrometer operated in both positive and 

negative mode. Compounds were separated by a Phenomenex Gemini C18 (150 x 4.60 mm, 3 

μm, 110 Å) column (Torrance, California) using a mobile phase consisting of ACN- H2O with 

FA; [0.1%, (v:v)]. The solvent gradient was linear programmed from 5 to 100% ACN over 13 

minutes with a flow rate of 1.0 mL min
-1

. Based on the LC-UV-MS data, W. sebi UAMH 7897 

was selected as a representative strain as the chromatograms from each strain were similar.  

 

Calibration plots for compounds (4.1-4.6) were constructed using identical LC conditions 

described above for screening extracts when the MS was operated in SIM mode. The [M+H]
+ 

ion 

was utilized for 4.1-4.4 whereas the [M-H]
-
 was used for 4.5 and 4.6. Each standard solution and 

extract was analyzed in both positive and negative mode. Each standard solution was analyzed in 

triplicate and the calibration plot was represented by 0.01, 0.1, 1.0, and 10 µg purified compound 
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on column. However, for compounds 4.1 and 4.2, a 10 µg standard was not analyzed due to 

sample limitation. The approximate concentrations are reported as the mean of triplicate 

fermentations of each strain in Roux bottles. Besides NMR data, the presence of both tryptophol 

(4.3) and phenylacetic acid (4.5) were confirmed by an authentic standard (Sigma). 

 

Large Scale Fermenation and Metabolite Isolation 

 

A slant of W. sebi UAMH 7897 was macerated in sterile distilled deionized water and a 5% (v/v) 

aliquot was utilized to inoculate twenty 250 mL Erlenmeyer flasks containing 50 mL of 2% yeast 

extract, 20% sucrose sterile liquid media. After one week, individual starter cultures were 

macerated and aseptically transferred to Glaxo bottles containing 1 L of the same media. 

Cultures were fermented and extracted as described above. 

 

The crude extract (4.6 g) was initially dissolved in a minimal amount of CHCl3 with a couple 

drops of MeOH and fractionated by normal phase column chromatography. The extract was 

applied to a silica gel column (40-63 µm) and metabolites were separated using a MeOH-CHCl3 

gradient increasing from 0 to 10% MeOH in 1% increments followed by flushing with 20 and 

50% MeOH in CHCl3. Column fractions were screened by TLC (0.2 mm silica gel 60 F254 pre-

coated) using 10% (v/v) MeOH-CHCl3 and visualized under both long wave (365nm) and short 

wave (254nm) light. Like fractions were combined, dried by rotary evaporation and additionally 

screened by LC-UV-MS as described for crude W. sebi filtrate extracts. This yielded eleven 

fractions that were subjected to semi-preparative reverse phase HPLC. The linear gradient was 

programmed from 10-80% ACN-H2O over 19 minutes with a flow rate of 4 ml min
-1

 and a 
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Phenomenex Luna C18 (250 x 10.00 mm, 5μm, 100 Å) column was utilized. Fraction 1 eluted in 

1% MeOH yielding 4.1 (4.2 mg) and 4.2 (3.7 mg), fraction 2 eluted in 2% MeOH yielding 4.4 

(49.2 mg), fraction 4 eluted in 3% MeOH yielding 4.3 (16.3 mg), fraction 7 eluted in 5% MeOH 

yielding 4.6 (17.2 mg), and fraction 8 eluted in 6% MeOH yielding 4.5 (12.9 mg). 

  

General Experimental Procedures 

 

Metabolite NMR spectra were obtained on a Bruker Avance 400 Spectrometer (Milton, On) at 

400.13 (
1
H) and 100 MHz (

13
C) using a 5 mm auto-tuning broadband probe with a Z-gradient.  

Secondary metabolites were dissolved in CD3CN (δH 1.94 and δC 118.7/1.39) or CD3OD (δH 

3.31 or δC 49.1) (CDN Isotopes, Point Claire, QC) and were referenced to the solvent peak. 

Chemicals shifts were assigned based on 
1
H, 

13
C, COSY, HSQC, HMBC, and DEPT spectra 

utilizing standard Bruker pulse sequences. HR-MS data were acquired on a system equipped 

with an Agilent 1100 binary pump connected to an Agilent G1969A LC/MSD TOF HRMS. 

Compounds were separated on a Phenomenex Zorbax C18 (50 x 3.0 mm, 1.8μm) column using a 

mobile phase consisting of ACN- H2O with FA; [0.1%, (v:v)]. The gradient was linear 

programmed from 10 to 95% ACN over 4 minutes at a flow rate of 1 mL min
-1

. Optical rotations 

were measured using an Autopol IV polarimeter (Rudolph Analytical, NJ). UV spectra were 

obtained on a Varian Cary 3 UV-visible spectrophotometer scanning from 800-190 nm. 
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CHAPTER V 

 

 

ISOLATION AND STRUCTURAL ELUCIDATION OF SECONDARY METABOLITES 

FROM TRICHODERMA CITRINOVIRIDE, T. KONINGIOPSIS AND T. ATROVIRIDE 
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INTRODUCTION 

 

Species within the genus Trichoderma are very common in nature and frequently found in soil, 

on decaying organic matter, roots and organic waste. This is a reflection of the ability of these 

fungi to grow on many diverse substrates including cellulose. The genus is ubiquitous in soil but 

certain species are also known plant symbionts, fungal pathogens and opportunistic endophytes 

(Harman et al. 2004). However, the taxonomy of this ecologically important genus is rather 

convoluted as many species have similar morphology. Thus, many of the gene sequences in 

NCBI are associated with incorrect identifications. Since the development of molecular methods, 

the number of Trichoderma species has increased from under 10 to over 100 (Druzhinina et al. 

2006). This is exemplified by the most common Trichoderma species in the literature, T. viride. 

The conidia of this species have rough walls; however, the conidia of most Trichoderma species 

are smooth. In the past, any isolate with green ascospores would be identified as T. viride 

regardless of the conidia texture (Jaklitsch et al. 2006). Additionally, anamorphic Trichoderma 

species are intimately related to a teleomorphic Hypocrea (Samuels 1996). The anamorphic 

Trichoderma state has been principally studied since the teleomorphic Hypocrea state is rarely 

observed in culture (Chaverri and Samuels 2003). To clarify the taxonomy and determine the 

ecological role of both stages, the holomorph, both the anamorphic and teleomorphic stages, 

should be studied. To demonstrate the difficulties associated with Trichoderma taxonomy, it is 

estimated that approximately 40% of the Hypocrea and Trichoderma records in GenBank are 

unidentified isolates or misidentified at the species level (Druzhinina et al. 2006). This is in part 

due to the lack of quality assurance concerning the species identifications of deposited 

sequences. Interpretation of reports concerning the ecology, enzyme production, bio-control, and 
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secondary metabolites of the genus Trichoderma can be problematic due to the inherent 

difficulties with their identifications at the species level. 

 

Trichoderma species can be easily identified from other fungal genera by masses of conidia that 

are typically green but may be colorless or yellow in rare cases. Ascospore pigmentation has 

been utilized as a means of characterizing genera within Hypocreales (Samuels 1996). Chaverri 

and Samuels (2003) examined 40 species of Hypocrea and Trichoderma with green ascospores 

demonstrating that they are derived from within Hypocrea but do not form a monophylogenetic 

group. The Hypocrea schweintzzi complex that coincides with the anamorphic Trichoderma 

section Longibrachiatum, including T. citrinoviride, is an example of a monophyletic group 

where all species have colorless ascospores. There are many issues with Trichoderma taxonomy 

making it a difficult topic. The number of recognized species is expected to increase because 

many newly accepted species have been found in poorly sampled areas such as Siberia or South 

East Asia (Druzhinina et al. 2006). Since most recognized Trichoderma species were identified 

with the use of molecular methods, their gene sequences are well documented (Chaverri and 

Samuels 2003). Continued classical analysis of phenotypes of both anamorphs and teleomorphs 

in combination with molecular methods and metabolite profiles will contribute to the 

understanding as well as clarifying the difficult taxonomy associated with this genus. 

 

It is believed that so called green Trichderma species thrive because of their efficient production 

of extracellular cellulases (Flannigan and Miller 2011) and synthesis of a wide variety of 

bioactive secondary metabolites (Sivithamparam and Ghisalberti 1998). These species have been 

extensively studied for agricultural bio-control applications as a number of species are plant 
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symbionts and demonstrate antifungal or plant growth stimulating activities. Trichoderma 

species represent a large majority of the bio-control fungi in commerce (Fonzi and Sypherd 

1986). They may also be mycoparasites of other fungi. T. longibrachiatum is a known 

opportunistic pathogen of immunocompromised mammals including humans (Kredics et al. 

2011). These competitive species are capable of directly competing for resources and space 

within a niche, modifying environmental conditions or promoting plant defense mechanisms or 

growth (Gloer 2007; Harman et al. 2004).  

 

Trichoderma species are also commonly reported in buildings with water damage. As tertiary 

colonizers, Trichoderma species require the water activity of the substrate to be above 0.90 

(Flannigan and Miller 2011). Trichoderma species are primarily associated with different types 

of damaged wood and plywood (Andersen et al. 2011). Species that have been identified in damp 

buildings include T. longibrachiatum, T. citrinoviride T. harzianum, T. atroviride, T. viride, and 

T. harmatum (Lubeck et al. 2000). Lubeck et al. (2000) reported that T. longibrachiatum and its 

close relative T. citrinoviride as the most frequently identified Trichoderma reported indoors in 

Danish buildings. Working from samples across Scandinavia, Andersen et al. (2011) reported T. 

harzianum as the most common. In the United States and Canada, T. harzianum, T. hamatum, T. 

koningii and T. viride are common on wood and manufactured wood (Miller et al. 2008). T. 

viride and T. harzianum were common on wet urea formaldehyde foam insulation in Canada 

(Bisset 1987) and wet sprayed on cellulose insulation in the US (Godish and Godish 2006). 

Some of these have been reported to cause infections in immune compromised patients, albeit 

rarely (Kredics et al. 2011). 
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All of the above Trichoderma species are capable of producing a wide variety of structurally 

diverse secondary metabolites. Some strains used for biological control applications produce 

simple trichothecenes such trichodermin and harzianum A. These two cytotoxic metabolites were 

originally reported from T. viride (Godtfredsen and Vangedal 1964) and T. harzianum (Corley et 

al. 1994). However, the strains where trichodermin and harzianum A were originally isolated 

from were demonstrated to be in fact T. breviocompactum based on metabolite profiles, 

morphology and ITS sequences (Nielsen et al. 2005). All T. breviocompactum strains 

investigated were unambiguously shown to produce trichodermin and or harzianum A. Isolates 

of T. viride, T. harzianum, T. longibrachiatum and T. citrinoviride, where at least one isolate 

from each species was derived from indoor sources, did not produce either trichothecene. 

Trichothecene biosynthetic genes have been identified and characterized from T. 

brevicompactum and T. arundinaceum. They were shown to be organized differently than in 

Fusarium species (Cordoza et al. 2011). Various reports however indicate that trichothecene 

production by this genus is confined to a few species (Lubeck et al. 2000; Nielsen et al. 2005). 

 

Figure 5.1: Structures of the trichothecenes trichodermin and harzianum A.  
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 The sulfur containing mycotoxin gliotoxin has been isolated from T. viride (Brian and Hemming 

1945) and T. harmantum (Hussain et al. 1975). The steroidal antibiotic viridin has been reported 

from many Trichoderma species including T. koningii, T. viride and T. virens. However, the 

producing strains for these two metabolites have more recently been demonstrated to be T. 

virens, which has not been reported indoors (Nielsen 2003; Samson et al. 2000).     

 

 

Figure 5.2: Structures of gliotoxin and viridin.  

 

Unstable but toxic isocyanide metabolites have been obtained from the fermentation broth of T. 

harmatum, T. koningii and T. harzianum which are proposed biodegradation products of the 

aromatic amino acid tyrosine (Taylor 1986). Trichoderma isolates have been shown to produce 

10-20 unstable isocyandes; however, their isolation is very difficult (Boyd et al. 1991). 

Isocyanide purification from culture broth can be improved by generating a more stable methyl 

ester derivative (Brewer et al. 1979) or rhodium pentamethylcyclopentadiene isothiocynate co-

ordination complex (Hanson et al. 1985).Trichoviridin was originally characterized from T. 

koningii and was later isolated with two new isocyandide methyl ester derivatives from T. 

hamatum (Brewer et al. 1979; Tamura et al. 1975).  Isonitrins A-D were also isolated from a soil 

isolated of T. hamatum (Fujiwara et al. 1982). Unlike most fungal metabolites, isocynides are 
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volatile (Taylor 1986). Isocyanides produced by T. hamatum have been implicated in ovine ill-

thrift by disrupting rumen bacteria (Brewer et al. 1982).  

 

 

Figure 5.3: Structures of trichoviridine, isonitrin B, and a isocyanide isolated as a its methyl 

ester.  

 

T. harzianum produces a variety of alpha pyrones and polyketide structures similar to the 

koninginins produced by T. koningii (Ghisalberti and Rowland 1993). T. koningii is one of the 

most commonly reported Trichoderma species in the literature and was recently phylogenetically 

investigated (Samuels et al. 2006). Combining molecular data and phenotypic characters, three 

distinct evolutionary lineages were revealed. T. koningiopsis belongs to lineage 1 with T. 

koningii. This species is known to produce a variety of koninginins that exhibit modest bio-

activities (Ghisalberti and Rowland 1993). Almost all of these Trichoderma metabolites 

discussed have been from species that are categorized as so called green Trichoderma species. T. 

longibrachiatum, a yellow Trichoderma species, produces trichodimerol, bisvertinol, 

bisvertinolone and trichodermolide derived from a common precursor, sorbicillin (Andrade et al. 

1992; 1996).  

 

Besides synthesizing a wide variety of small molecules, some species of Trichoderma are 

currently the richest source of modified, bioactive, non-ribosomal peptides called peptaibols 
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(Leitgeb et al. 2007). Since they result from a non-ribosomal pathway, peptaibols in most cases 

exist as heterogeneous mixtures of structurally related analogs that have a characteristically high 

alpha-aminoisobutyric acid content and may contain other non-proteinogenic amino acids or 

lipoaminoacids (Degenkolb et al. 2007). Mikkola et al. (2012) identified one 11 and eight 20 

residue new peptaibols, named trilongins, from a damp building isolate of T. longibrachiatum. 

All tested trilongins formed voltage dependent Na
+
 /K

+
 permeable channels in boar sperm 

toxicity assays. They reported 10% of the dry mycelial mass of the indoor isolate was comprised 

of these bioactive peptaibols. 

 

Figure 5.4: Structures of the simple pyrone, pyrone 6- pentyl-2H-pyran-2-one, koninginin A, 

sorbillin and bisvertinol. 
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RESULTS AND DISCUSSION 

 

Nine strains representing three species of Trichoderma were obtained from damp building 

materials (Table 5.7). DNA was extracted from the mycelia of each indoor isolate, their ITS-1 

and 4 sequences were amplified by PCR and each was depositted in the National Mycological 

Herbarium culture collection, DAOM. Based on expert analysis of the strains and on a search of 

the NCBI nucleotide collection database using the BLASTN algorithm with each isolates ITS 

sequence, five isolates have been identified as T. atroviride, two as T. koningiopsis, one as T. 

citrinoviride and one as T. harzianum (Table 5.7).  

 

All strains were grown on three different liquid media: 2% malt extract (ME), dextrose casein 

(DC), and glucose, yeast extract, malt extract, peptone, salts medium (GYMP-salts). Cultures 

were extracted in a time course manner for each medium to determine the optimal fermentation 

conditions of each Trichoderma strain. Generally, the GYMP-salts medium after two or four 

weeks in stationary culture yielded EtOAc culture filtrate extracts with high metabolite yields 

compared to the other media or fermentation times. The isolation and structural elucidation of 

the secondary metabolites is discussed below. 
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Secondary Metabolites from Trichoderma citrinoviride 

 

 

 

Figure 5.5: Structure of (R)- Vertinolide (5.1). 

 

Table 5.1: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) for (R)- Vertinolide (5.1) in CD3OD. 

 

Position δC, type δH (J, Hz)  
1 177.5, C  

2 96.0, C  

3 180.2, C  

4 84.2, C  

5 32.0, CH2 2.07, m 

6 34.9, CH2 2.43, m 

  2.52, m 

7 201.7, C  

8 128.3, CH 6.06, d (15.6) 

9 145.2, CH 7.17, dd (9.7, 15.6) 

10 131.5, CH 6.27, m 

11 142.2, CH 6.27, m 

12 18.9, CH3 1.86, d (5.2) 

13 6.0, CH3 1.64, s 

14 23.6, CH3 1.42, s 

 

 

(R)- (+)-Vertinolide; (5.1); 6.4 mg; yellow amorphous oil; [α]D 20 (c 0.3, MeOH), [α]D 21 (c 0.3, 

CHCl3) ; UV (MeOH)/nm λmax (log ε) 375 (2.10) 268 (2.67) 230 (2.60); HRESIMS m/z 251.1290 

[M+H]
+
 (calculated for C14H19O4, 251.1283); 

1
Hand 

13
C NMR data were consistent with 

published data for (S)- vertinolide (Trifonov et al. 1982) and are presented in table 5.1. The 

structure of 5.1 can be found in figure 5.5. The optical rotation of compound 5.1 isolated here 
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has the same magnitude as (-)- (S)- Vertinolide  isolated by Trifonov et al. (1982) however, the 

sign is opposite; [α]D -25 (c 0.05, CHCl3). As this tetronic acid derivative only has one chiral 

center, at C-4, the structure of 5.1 is proposed to be a new fungal metabolite, (R)- vertinolide.  

 

Figure 5.6: Structure of Spirosorbicillinol A (5.2). 

 

Spirosorbicillinol A (5.2); 9.7 mg; [α]D 125.0 (c 0.5, MeOH); yellow amorphous oil; UV 

(MeOH)/nm λmax (log ε) 370 (3.63) 310 (3.73) 255 (3.68) 225 (3.63); HRESIMS m/z 489.1776 

[M+H]
+
 (calculated for C25H29O10, 489.1760); 

1
Hand 

13
C NMR data were consistent with 

published data (Washida et al. 2009) and are presented in table 5.2. The structure of 5.2 can be 

found in figure 5.6. 

 

 

Figure 5.7: Structure of Spirosorbicillinol B (5.3). 
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Table 5.2: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) for Spirosorbicillinol A (5.2), B (5.3) and C (5.4) in CD3OD. 

 

 (5.2) (5.3) (5.4) 

Position δC, type δH (J, Hz)  δC, type δH (J, Hz)  δC, type δH (J, Hz)  
1 41.4, CH 3.30, o 41.2, CH 3.30, o 41.3, CH 3.31, o 

2 111.2, C  111.3, C  111.4, C  

3 195.6, C  196.3, C  196.1, C  

4 69.3, C  71.4, C  71.0, C  

5 206.8, C  207.1, C  207.1, C  

6 74.6, C  75.0, C  74.7, C  

7a 37.2, CH2 2.16, dd (3.0, 14.0) 40.3, CH2 2.32, dd (2.7, 14.1) 40.3, CH2 2.33, dd (2.9, 14.0) 

  3.04, dd (3.0, 14.0)  2.98, dd (2.7, 14.1)  2.97, dd (2.9, 14.0) 

8 84.3, C  82.6, C  83.8, C  

9 172.0, C  171.0, C  171.3, C  

10 67.1, CH 6.06, m 71.4, CH 4.01, m 67.2, CH 4.02, m 

11 85.9, CH 4.25, dd (8.1, 10.0) 84.3, CH 4.36, dd (7.9, 10.1) 82.9, CH 4.30, dd (8.6, 10.1) 

12 70.6, CH 4.44, m 70.7, CH 4.44, m 74.8, CH 4.47, m 

13 139.6, CH 6.64, t (2.5) 139.3, CH 6.63, t (2.1) 134.2, CH 6.62, bs 

14 129.0, C  128.8, C  130.8, C  

15 30.6, CH2 2.24, m 31.5, CH2 2.27, m 34.1, CH2 2.25, m 

  2.79, dd (6.6, 17.4)  2.89, dd (6.5, 17.8)  2.89, dd (6.7, 18.1) 

1’ 168.3, C  167.9, C  167.3, C  

2’ 119.3, CH 6.41, d (15.0) 119.5, CH 6.36, d (14.9) 119.5, CH 6.38, d (15.2) 

3’ 143.7, CH 7.32, dd (10.9, 14.9) 143.2, CH 7.28, dd (10.9, 15.0) 143.3, CH 7.29, dd (10.9, 14.9) 

4’ 132.3, CH 6.38, m 132.3, CH 6.38, m 132.3, CH 6.38, m 

5’ 140.6, CH 6.22, m 140.1, CH 6.20, m 140.1, CH 6.21, m 

6’ 18.9, CH3 1.87, d (6.7) 18.8, CH3 1.87, d (6.7) 18.9, CH3 1.87, d (6.7) 

4-CH3 8.1, CH3 1.22, s 8.8, CH3 1.24, s 8.6, CH3 1.24, s 

6-CH3 24.8, CH3 1.19, s 24.8, CH3 1.18, s 24.8, CH3 1.19, s 

14-COOCH3 167.4, C  167.4, C  167.3, C  

14-COOCH3 52.7, CH3 3.74, s 52.6, CH3 3.74, s 52.7, CH3 3.73, s 
o
- Overlapped with signal from CD3OD. 
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Spirosorbicillinol B (5.3); 4.7 mg; yellow amorphous oil; [α]D 265.4 (c 0.25, MeOH); UV 

(MeOH)/nm λmax (log ε) 370 (4.05) 310 (4.14) 255 (4.10) 225 (4.08); HRESIMS m/z 489.1775 

[M+H]
+
 (calculated for C25H29O10, 489.1760); 

1
Hand 

13
C NMR data were consistent with 

published data (Washida et al. 2009) and are presented in table 5.2. The structure of 5.3 can be 

found in figure 5.7. 

 

 

 

Figure 5.8: Structure of Spirosorbicillinol C (5.4). 

 

Spirosorbicillinol C (5.4); 5.0 mg; yellow amorphous oil; [α]D 320.5 (c 0.25, MeOH); UV 

(MeOH)/nm λmax (log ε) 370 (3.89) 310 (3.93) 255 (3.78) 225 (3.76); HRESIMS m/z 489.1773 

[M+H]
+
 (calculated for C25H29O10, 489.1760); 

1
Hand 

13
C NMR data were consistent with 

published data (Washida et al. 2009) and are presented in table 5.2. The structure of 5.4 can be 

found in figure 5.8. 

 

Trichotetronine (5.5), 11.1 mg; yellow amorphous oil; [α]D 80 (c 0.55, MeOH; UV (MeOH)/nm 

λmax (log ε) 370 (4.45) 293 (4.60) 260 (4.52); HRESIMS m/z 497.2191 [M+H]
+
 (calculated for 

C28H33O8, 497.2175); 
1
Hand 

13
C NMR data were consistent with published data (Maskey et al. 

2005) and are presented in table 5.3. The structure of 5.3 can be found in figure 5.9. 
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Figure 5.9: Structure of Trichotetronine (5.5). 

 

Table 5.3: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) for Trichotetronine (5.5) in CD3OD. 

 

Position δC, type δH (J, Hz)  
1 63.6, C  

2 197.5, C  

3 110.1, C  

4 43.5, CH 3.30, o 

5 75.8, C  

6 210.1, C  

7 52.8, CH 3.28, o 

8 43.9, CH 3.29, o 

9 169.8, C  

10 119.6, CH 6.28, m 

11 143.8, CH 7.30, dd (11, 14.5) 

12 132.4, CH 6.36, m 

13 140.7, CH 6.22, m 

14 18.9, CH3 1.90, d (6.8) 

15 202.5, C  

16 128.5, CH 6.25, m 

17 147.8, CH 7.19, dd (10.4, 15.2) 

18 131.6, CH 6.36, m 

19 145.0, CH 6.38, m 

20 19.1, CH3 1.90, d (6.8) 

21 84.5, C  

22 177.1, C  

23 97.1, C  

24 180.1, C  

1-CH3 11.3, CH3 0.98, s 

5-CH3 24.2, CH3 1.17, s 

21-CH3 23.5, CH3 1.40, s 

23-CH3 6.6, CH3 1.48, s 
o
- Overlapped with signal from CD3OD. 
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Bisvertinol (5.6); 7.0 mg; dark yellow amorphous oil; [α]D -1220 (c 0.25, MeOH); UV 

(MeOH)/nm λmax (log ε) 410 (4.06) 300 (4.20) 278 (4.20) 230 (4.01); HRESIMS m/z 499.2345 

[M + H]
+
 (calculated for C28H35O8, 499.2332); 

1
Hand 

13
C NMR data were consistent with 

published data (Trifinov et al. 1986; Koyama et al. 2007) and are presented in table 5.4. The 

structure of 5.3 can be found in figure 5.10. 

 

Table 5.4: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) for Bisvertinol (5.6) in CD3CN. 

 

Position δC, type δH (J, Hz)  
1 167.5, C  

2 105.8, C  

3 36.2, CH2 2.49, d (14.4) 

  2.62, d (14.4) 

4 73.7, C  

4a 102.1, C  

5a 80.0, C  

6 180.2, C  

7 109.7, C  

8 168.9, C  

9 106.9, C  

9a 54.6, CH 3.62, s 

9b 59.5, C  

10 193.4, C  

11 121.8, CH 6.51, d (14.6) 

12 142.8, CH 7.22, m 

13 131.6, CH 6.36, m 

14 138.8, CH 7.17, m 

15 18.9, CH3 1.85, d (6.4) 

16 22.3, CH3 1.13, s 

17 25.9, CH3 1.40, s 

18 7.2, CH3 1.38, s 

19 192.6, C  

20 121.6, CH 6.35, m 

21 140.8, CH 6.24, m 

22 132.0, CH 6.36, m 

23 137.4, CH 6.13, m 

24 18.7, CH3 1.85, d (6.4) 

25 19.7, CH3 1.25, s 
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Figure 5.10: Structure of Bisvertinol (5.6). 

 

All of these metabolites (5.1-5.6) were isolated from the EtOAc culture filtrate extract of T. 

citrinoviride (Paracel Number- 1237071-1) obtained from an indoor air sample in Montreal, QC. 

Large scale fermentations, 10 L, were done in Glaxo bottles containing 1L of GYMP-salts media 

(refer to materials and methods) and were extracted after 2 weeks. 

 

Vertinolide (5.1) was originally isolated as the major constituent of the chloroform extract of 

Verticillium intertextum culture filtrate by Trifonov et al. (1982). This is a synonym of 

Clonostachys rosea formerly called Gliocladium roseum (http://www.mycobank.org/). They 

determined the structure by X-ray crystallography and chemical derivatization however the 

stereochemistry at the C-4 position remained obscure. The absolute configuration was 

determined to be (S) by the synthesis of (+) tetrahydrovertinolide from (-) valerolactone-

carboxylic acid by Takaiwa and Yamashita (1983). Vertinolide is a tetronic acid metabolite that 

is a subclass of beta-hydroxybutenolides. These natural products are ecologically important as 

they are flavoring components of fruits, mycotoxins or possess desirable bioactivities including 

antioxidant, antibiotic, herbicidal, or insecticidal (Wrobel and Ganem 1983). Abdel-Lafeff et al. 
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(2009) reported the isolation of vertinolide with bisvertinol, trichodimerol, trichotetronine, 

trichodermanones A-D and a new pyranone derivative, trichopyrone, from T. viride isolated from 

the marine sponge Agelas dispar.  

 

The metabolite profile described by Abdel-Lafeff et al. (2009) is more consistent with that of T. 

citrinoviride or possibly the related T. longibrachiatum as opposed to T. viride. Many of the 

metabolites they isolated were also found in this T. citrinoviride work, previous investigations of 

the metabolites of T. citrinoviride (Evidente et al. 2009) or T. longibrachiatum (Andrade et al. 

1992; 1996). Compounds isolated by Abdel-Lafeff et al. (2009) were investigated for radical 

scavenging and inhibition of HIV-1 reverse transcriptase and were found to be relatively inactive 

in all bioassays. 5-hydroxyvertinolide was isolated from the related species T. longibrachiatum 

by Andrade et al. (1992).  

 

Compound 5.5 was structurally characterized by three groups at roughly the same time and 

received three different names; bisorbutenolide (Abe et al. 1998), bislongiquinolide (Andrade et 

al. 1997) and trichotetronine (Shirota et al. 1997). For simplicity’s sake, it will be referred to as 

trichotetronine here. This metabolite bears a tetronic acid moiety as it is derived from vertinolide 

and sorbicillin. Abe et al. (1998) isolated trichotetronine, called bisorbutenolide, from 

Trichoderma USF-2690, a strain obtained from a soil sample. They also isolated trichodimerol 

and bisorbicillinolide. These latter two metabolites were not isolated here. More recently, 

Maskey et al. (2005) demonstrated by NMR that there is a stereochemical difference between 

what has been referred to as trichotetronine, 21R, (5.5) and bisorbutenolide, 21S, isolated by Abe 

et al. (1998). The NRM data of compound 5.5 isolated here is consistent with that of the 21R 
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isomer, trichotetronine (Maskey et al. 2005). This chiral center, C-21, is the sole stereogenic 

carbon within the vertinolide moiety of 5.5 that was determined to be of the R configuration 

based on the optical rotation of 5.1. This further suggests that 5.1, R-vertinolide, is a new 

metabolite and is incorporated during the biosynthesis of 5.5. All of these sorbicillin derived 

metabolites were assessed for antioxidant activity by Abe et al. (1998). Trichotetronine (5.5) 

displayed DPPH-radical scavenging activity with an ED50 of 80.8 μM.  

 

Andrade et al. (1997) isolated bislongiquinolide from Trichoderma longibrachiatum, which is 

antagonistic to the causative agent of the American leaf spot disease of coffee. Shirota et al. 

(1997) reported trichotetronine with its dihydrocongener from a Trichoderma species isolated 

from rice plant straw. Maskey et al. (2005) identified trichotetronine with various other 

vertinolide derived metabolites from Penicillium notatum (= P. chrysogenum) obtained from a 

bench top contamination. Isolated metabolites were semi-quantitatively tested using a agar 

diffusion test against a variety of bacteria. Most metabolites tested exhibited weak antibacterial 

activity where compound 5.5 had no activity; fungi and algae were not inhibited by any of these 

compounds.  

 

Spirosorbicillinols A-C (5.2-5.4) were characterized for the first time from the fermentation 

broth of an unidentified Trichoderma strain isolated from a soil sample collected in Japan. Other 

sorbicillin derived metabolites were also isolated. The antioxidant activity of 5.2-5.4 were 

assessed by DPPH-radical scavenging and displayed weak activity, the ED50 values for 

spirosorbicillinol A-C were 190, 236 and 321 μM respectively (Washida et al. 2009). Each of the 

spirosorbicillinols characterized here were isolated in similar yields.  



164 

 

 

Bisvertinol (5.6) was isolated for the first time from the culture of Verticillium intertextum by 

Trifonov et al. (1986). Bisvertinol was also isolated from T. longibrachiatum with its oxidized 

form, bisvertinolone. This metabolite elicits anti-fungal activity by inhibiting ß-1, 6-glucan 

biosynthesis (Andrade et al. 1992; Kontani et al. 1994). Bisvetinol, isobisvertinol, and 

dihydrobisvertinol have been characterized from an Aspergillus strain collected from a  

mangrove soil in Japan. These metabolites were assayed for cholesteryl ester and triacylglycerol 

synthase inhibition in mice macrophages. Isobisvertinol had IC50 values of 2.5 and 4.0 M for 

for cholesteryl ester and triacylglycerol synthase respectively. Bisvertinol and dihydrobisvertinol 

showed almost no effect. This suggested that the stereochemical difference at C-9a is important 

for binding to a target molecule and eliciting this activity (Koyama et al. 2007).  

 

 

Figure 5.11: Structure of bisvertinol, bisvertinolone and dihydrobisvertinol. 

 

Bisorbicillinoids are an expanding group of natural products that have interesting biological 

properties due to their complex structural framework. They have been reliably isolated from 

Vericillium intertextum, Penicillium species and Trichoderma species. All vertinolides exhibit 

radical scavenging activity, some dimers inhibit the ß-1, 6-glucan biosynthesis or have weak 



165 

 

cytotoxicity against human tumor cells (Maskey et al. 2005). This structural complexity and 

biological activity has prompted the exploration of their biosynthesis by various labeled 

precursor and synthetic studies. 

 

These natural products belong to the sorbicillin class that is derived from a hexaketide moiety 

where a cyclization occurs at the carboxylate terminus. Sorbicillin initially undergoes an 

oxidative dearomatization that generates the key intermediate sorbicillinol which is composed of 

a conjugated six membered ring bearing a sorbyl functionality. It has been postulated that 

sorbicillionol is the common precursor for this class of secondary metabolites. It can undergo 

various tautomerization generating various reactive sites making sorbicillin-derived metabolites 

difficult to isolate in high purity from fermentation broth. The cyclohexanone ring may also be 

further methylated or hydroxylated. To increase structural diversity, sorbicillinol may undergo 

various transformations to produce monomeric, homo and hetero (vertinolides) dimeric or 

trimeric compounds. 

 

 

 

Figure 5.12: Structure of sorbicillin and sorbicillinol. 

 

The ortho-quinol system present in sorbicillinol acts as a pair of diene-dienophile in a Diels 

Alder reaction in a regio- and stereo- specific manner. Intramolecular rearrangement of the 
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cycloaddition adduct generates various secondary metabolites including bisorbibutenolide and 

bisorbicillinolide. Bridged bicyclic bisorbillinoids are produced through a [4+2] cycloaddition 

providing the bicyclo[2.2.2]octanedione ring system. When the ortho-quinol system acts as a 

Michael donor-Michael acceptor pair, after rearrangement it may produce a fused [6.5.6] or cage 

like cores observed in trichodimerol and bisvertinol respectively. The monomeric vertinolides 

series of compounds can be derived by a series of transformation such as lactonization, ring 

cleavage reduction and oxidation. These postulated biosynthetic pathways have been confirmed 

from feeding experiments (Sugaya et al. 2008; Abe et al. 2001; 2002) and biomimetic synthetic 

studies (Nicolaou et al. 1999). 
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Figure 5.13: Structure of various bisorbicillinoids derived from their postulated precursor 

sorbicillin illustrating their structural diversity (adapted from Nicolaou et al. 1999). 

 

Other metabolites from T. citrinoviride include antifungal polypeptides from a strain endophytic 

in Mediterranean Cork (Maddau et al. 2009) as well as the insect anti-feedant compounds 

citrantifidiene and citrantifidiol (Evidente et al. 2008). Maddau et al. (2009) identified twenty 

eight 20 residue peptides, peptaibols, with structural variation at positions 6, 9, 12 and 17. The 

peptide mixture displayed strong antifungal activity toward seven important forest tree pathogens 

with up to 70% inhibition at 50 ug mL
-1

 and it was highly toxic in a brine shrimp bioassay, LC50 

= 1.24 ug mL
-1

. Citrantifidiene and citrantifidiol were isolated from a T. citrinoviride isolate 

obtained from an Austrian soil sample. These two endophytic compounds were reported to have 

antifeedant activity against the aphid pest Schizaphis graminum when dipping leaves in a 5% 

aqueous methanol solution containing 0.57 mg mL
-1 

of citrantifidiene and 0.91 mg mL
-1 

citrantifidiol (Evidente et al. 2008). In a separate study, the same authors reported the isolation of 

the four bisorbicillinoids: trichodimerol, dihydrotrichodimerol, bislongiquinolide and 

dihydrobislongiquinolide. Dihydrotrichodimerol and bislongiquinolide additionally demonstrated 

antifeedant activity towards S. graminum, restraining the aphids from settling on leaves treated 

with these two metabolites (Evidente et al. 2009). 

 

 

Figure 5.14: Structure of citrantifidiene and citrantifidiol isolated from T. citrinoviride. 
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Secondary Metabolites from Trichoderma koningiopsis 

 

Koninginin A (5.7); 17.9 mg; light yellow solid; [α]D -27.3 (c 0.80, MeOH); UV (MeOH)/nm 

λmax (log ε) 210 (1.75), 262 (2.24); HRESIMS m/z 285. 2072 [M+H]
+
 (calculated for C16H29O4, 

285.2066). 
1
H and 

13
C NMR data for 5.7 isolated from T. koningiopsis were consistent with 

published data (Cutler et al. 1989) and are also reported in table 5.5. The structure of koninginin 

A (5.7 or 3.12) can be found in figure 3.21; this metabolite was previously isolated from P. 

corylophilum during this work. 

 

 

Figure 5.15: Structure of Koninginin B (5.8). 

 

Koninginin B (5.8); 21.9 mg; light yellow solid; [α]D 150.0 (c 1.0, MeOH); UV (MeOH)/nm λmax 

(log ε) 210 (2.71), 260 (2.88); HRESIMS m/z 283. 1915 [M+H]
+
 (calculated for C16H27O4, 

283.1909). 
1
H and 

13
C NMR data were consistent with published data (Cutler et al. 1991) and are 

reported in table 5.5. The structure of koninginin B (5.8) can be found in figure 5.15. Koninginin 

B was differentiated from its C-4 epimer koninginin E, [α]D +8.3 (c 0.30, MeOH), by optical 

rotation. The reported optical rotations for koninginin E and B were 0.6 and 162.9, respectively 

(Cutler et al. 1991; Parker et al. 1995). 
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Table 5.5: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) for koninginins A (5.7), B (5.8), D (5.9) and F (5.10) in CD3OD. 

 

 (5.7) (5.8) (5.9) (5.10) 

Position δC, type δH (J, Hz)  δC, type δH (J, Hz)  δC, type δH (J, Hz)  δC, type δH (J, Hz)  
1 80.2, CH 4.26, s 200.4  199.5, C  199.1, C  

2 28.1, CH2 1.49, m 33.5, CH2 2.21, m 34.1, CH2 2.30, m 72.4, CH 4.08, m 

  2.17, m  2.27, ddd ( 4.8, 6.6, 16.9)     

3 21.7, CH2 1.63, m 30.3, CH2 1.97, m 30.4, CH2 1.98, m 33.0, CH2 2.16, m 

  2.13, m    2.17, m  2.24, m 

4 80.5, CH 4.04, t (6.5) 66.6, CH 4.35, t (4.9) 66.8, CH 4.39, m 32.8, CH2 2.54, m 

        2.67, m 

5 110.1, C  172.7, C  174.2, C  174.7, C  

6 43.1, CH 1.55, m 112.3, C  114.4, C  113.1, C  

7 36.1, CH 1.45, m 18.7, CH2 2.09, m 57.6, CH 4.64, m 57.7, CH 4.73, m 

  1.60, m       

8 27.4, CH2 1.83, m 23.5, CH2 1.65, m 33.8, CH2 1.64, m 23.7, CH2 1.73, m 

    1.94, m    1.85, m 

9 73.5, CH2 3.85, m 82.3, CH 3.86, ddd (2.2, 4.7, 11.0) 77.8, CH 4.14, ddd (2.1, 4.3, 12.6) 77.3, CH 4.10, m 

10 70.9, CH 3.52, dd (5.6, 11.5) 73.6, CH 3.64, m 73.5, CH 3.68, dd (5.6, 11.5) 73.2, CH 3.61, m 

11 32.7, CH2 1.58, m 33.6, CH2 1.59, m 26.6, CH2 1.41, m 34.0, CH2 1.61, m 

  1.76, m    1.54, m   

12 26.7, CH2 1.33, m 26.5, CH2 1.34, m 30.4, CH2 1.34, m 28.1, CH2 1.37, m 

13 30.4, CH2 1.33, m 30.4, CH2 1.34, m 32.4, CH2 1.86, m 30.4, CH2 1.34, m 

14 33.0, CH2 1.32, m 33.0, CH2 1.33, m 33.0, CH2 1.33, m 30.5, CH2 1.31, m 

15 23.7, CH2 1.33, m 23.7, CH2 1.30, m 23.7, CH2 1.34, m 26.8, CH2 1.32, m 

16 14.4, CH3 0.91, t (6.6) 14.4, CH3 0.91, t (6.7) 14.4, CH3 0.91, t (6.7) 14.4, CH3 0.90, t (6.7) 
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Figure 5.16: Structure of Koninginin D (5.9). 

 

Koninginin D (5.9); 18.1 mg; light yellow solid; [α]D 116.6 (c 0.8, MeOH); UV (MeOH)/nm λmax 

(log ε) 260 (2.85); HRESIMS m/z 299.1864 [M+H]
+
 (calculated for C16H27O5, 299.1858). 

1
H and 

13
C NMR data were consistent with published data (Dunlop et al. 1989) and are reported in table 

5.5. The structure of koninginin D (5.9) can be found in figure 5.16. 

 

 

Figure 5.17: Structure of Koninginin F (5.10). 

 

Koninginin F (5.10); 8.0 mg; light yellow solid; [α]D 122.2 (c 0.4, MeOH); UV (MeOH)/nm λmax 

(log ε) 253 (2.78); HRESIMS m/z 299.1867 [M+H]
+
 (calculated for C16H27O5, 299.1858). 

1
H and 

13
C NMR data were consistent with published data (Liu and Wang. 2001) and are reported in 

table 5.5. The structure of koninginin F (5.10) can be found in figure 5.17. 
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The polyketide derived koninginins characterized here (5.7-5.10) have been previously isolated 

from T. koningii and T. harzianum. Koninginin A (5.7) was previously isolated during this work 

from P. corylophilum; however, was first isolated from a T. koningii strain growing on a wilting 

plant (Cutler et al. 1989) and later from T. harzianum (Ghisalberti and Rowland 1993).  

 

Koninginin A displayed weak inhibitory activity against the growth of etiolated wheat 

coleoptiles (Cutler et al. 1989), was inactive against both Gram-positive and negative strains 

examined (Cutler et al. 1991). Koninginin B (5.8) was originally isolated from the same T. 

koningii isolate as koninginin A (Cutler et al. 1991). It demonstrated slight antagonistic 

properties towards some Gram-positive bacteria including B. subtilis, B. cereus, and M. 

thermosphactum. However, koninginin B did not show any bioactivity against Gram-negative 

bacterial strains, such as E. coli (Cutler et al. 1991). At low concentrations (~10
-5

 to 10
-6

 M) 

koninginin B stimulated plant growth in tomato seedlings (Vinale et al. 2006).  Koninginin D 

(5.9) was isolated as the major component of a T. koningii soil isolate extract and inhibited the 

growth of various soil pathogens including Rhizoctonia solani, Phytophthora cinnamomi, 

Pythium middletonii, Fusarium oxysporum and Bipolaris sorokiniana (Dunlop et al. 1989). 

Koninginins D and F (5.10) are weakly antifungal against the fungus Gaeumannomyces graminis 

var tritici; a fungus that causes take-all in wheat and barley (Ghisalberti and Rowland 1993). 

 

Koninginins are structurally similar to vitamin E, a known biological antioxidant that also 

possesses anti-inflammatory properties (Souza et al. 2008). The anti-inflammatory properties of 

koninginin A, E and F were evaluated in response to pit viper venom. Koninginin E and F both 

exhibited anti-inflammatory properties whereas koninginin A did not (Souza et al. 2008). Due to 
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the koninginins plant growth regulatory properties, unique structures and high number of chiral 

centers, total synthesis of a number of these natural products have been reported. A total 

synthesis for koninginin A was performed by Xu and Zhu (1995), Mori and Abe (1995), as well 

as Liu and Wang (2001). Liu and Wang (2000) describe the synthesis of koninginins B, D, E and 

F.  

 

Samuels et al. (2006) conducted a phylogentic investigation of T. koningii that revealed three 

distinct evolutionary lineages. T. koningiopsis belonged to lineage 1 with T. koningii so it should 

not be surprising that multiple koninginins were isolated from this indoor derived T. koningiopsis 

strain. However, this may explain why other metabolites (i.e. 6-pentyl-alpha-pyrone) reported 

from closely related species were not isolated here. Previous reports of koninginins from T. 

koningii may actually have been from T. koningiopsis or vice versa as taxonomic revisions have 

complicated the literature on secondary metabolite profiles.  T. koningiopsis is common in 

tropical America; however, has been reported from Canada, East Africa and Europe (Samuels et 

al. 2006). 
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Figure 5.18: Structure of Pyrone 6- pentyl-2H-pyran-2-one (5.11). 

 

Pyrone 6- pentyl-2H-pyran-2-one (5.11); 27.8 mg; dark brown oil; UV (MeOH)/nm λmax (log ε) 

260 (4.52), 293 (4.60), 370 (4.45); HRESIMS m/z 167.1076 [M+H]
+
 (calculated for C10H15O2, 

167.1072). 
1
H data were consistent with published data (Colins and Halim 1972) and both 

13
C 

and 
1
H data are reported in table 5.6. The structure of compound 5.11 can be found in figure 

5.18. 

. 

Table 5.6: 
1
H (400 MHz) and 

13
C NMR Data (100 MHz) pyrone 6- pentyl-2H-pyran-2-one 

(5.11) in CD3OD. 

 

 

Position δC, type δH (J, Hz)  
2 165.9, C  

3 113.5, CH 6.15, d (9.4) 

4 146.0, CH 7.45 dd (6.5, 9.4) 

5 104.6, CH 6.19, d (6.5) 

6 168.1, C  

7 34.3, CH2 2.51, t (7.6) 

8 27.8, CH2 1.66, m 

9 32.0, CH2 1.33, m 

10 23.5, CH2 1.35, m 

11 14.3, CH3 0.91, t (7.0) 

 

 

 

The EtOAc extracts of T. atroviride had very few secondary metabolites in them by LC-UV-MS. 

Only pyrone 6- pentyl-2H-pyran-2-one (5.11) could be unambiguously characterized from this 

extract. Six of the nine Trichoderma cultures investigated here were identified by ITS sequence 
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as T. atroviride and each of their filtrate extracts were the same by LC-UV-MS. This simple 

pyrone appears to be representative of the Trichoderma genus and was first reported from the 

fermentation broth of T. viride (Collins and Halim 1972). It has also been reported from T. 

harzianum (Ghisalberti and Rowland 1993) and T. koningii (Simon et al. 1988). Compound 5.11 

has been extensively investigated for various applications as it is both antifungal and phytotoxic 

as well as being a food additive due to its characteristic coconut odor (Collins and Halim 1972; 

Reino et al. 2008). The addition of 0.3 mg mL
-1

 of compound 5.11 to agar medium inhibited the 

growth of Rhizoctonia solani and F. oxysporum by 69.6 and 31.7%, respectively after 2 days. A 

concentration of 0.45 mg mL
-1

 completely inhibited the germination of Fusarium spores. The 

antifungal activity of T. harzianum has been strongly correlated with the production of this 

metabolite. The reduced form of 5.11, 6- pent-1-enyl-2H-pyrane-2-one (5.12), has also been 

reported from T. harzianum. Compound 5.12 elicited antimicrobial activity against a variety of 

Penicillium species, A. fumigatus, C. albicans and C. neoformans (Parker et al. 1997). This 

metabolite has been tentatively characterized here; however, insufficient amounts of the 

compound could be isolated to obtain a 
13

C spectra as it co-eluted with 5.11 which was the major 

constituent of the extract. Only a weak 
1
H spectra could be obtained that showed many of the 

same resonances as compound 5.11, see table 5.6. The 
1
H spectra of 5.12 showed an additional 

doublet at δ 6.16 (15.4 Hz) and a doublet of triplets at δ 6.68 (7.2 and 15.4 Hz) that would 

account of the addition of the trans double bond at C-7 and C-8. The coupling constants and 

chemicals shifts of these two additional proton resonances are consistent with those of a related 

compound, pyrone 6- hept-1-enyl-2H-pyrane-2-one (Zhang et al. 2007).The UV data were 

similar to those of 5.11 and the HRESIMS data corresponded to the correct molecular formula 
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for the proposed compound, C10H14O2. This simple pentaketide was also identified by 
1
H NMR, 

MS, UV and IR from T. viride by Moss et al. (1975). 

 

 

Figure 5.19: Structure of 6- pent-1-enyl-2H-pyrane-2-one (5.12) tentatively isolated from T. 

atroviride. 

 

 

Pyrone 6- pent-1-enyl-2H-pyrane-2-one (5.12); 0.8 mg; light brown oil; UV (MeOH)/nm λmax 

(log ε) 370 (4.45) 293 (4.60) 260 (4.52); HRESIMS m/z 165.0921 [M+H]
+
 (calculated for, 

C10H15O2, 165.0915); 
1
H NMR data were consistent with published data of the related pyrone , 

pyrone 6- hept-1-enyl-2H-pyrane-2-one (Zhang et al. 2007). The structure of compound 5.12 can 

be found in figure 5.19. 
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EXPERIMENTAL 

 

Trichoderma Cultures 

Nine Trichoderma strains isolated from Canadian buildings were obtained from Paracel 

Laboratories Ltd., Ottawa, Ontario (table 5.7). DNA was extracted from the mycelia using an 

UltraClean DNA Isolation Kit. ITS-1 and 4 sequences were amplified by PCR using the 

respective primers: 5’- TCCGTAGGTGAACCTGCGG-3’ and 5’-TCCTCCGCTTATTGATA 

TGC-3’) and sequencing was performed by Genome Quebec Innovation Centre, Montreal, 

Quebec. The sequenced PCR fragments were subsequently aligned using MAFFT and queried 

using the BLASTN algorithm against the NCBI nucleotide collection database. Five strains were 

tentatively identified as T. atroviride, two as T. koningiopsis, one as T. citrinoviride and T. 

harzianum (table 5.7).  

 

Table 5.7: Indoor Trichoderma strains examined for metabolite production, location and fungal 

source. 

 

Strain Species Location Source 

DAOM 242931 T. citrinoviride Montreal, QC Indoor air sample 

DAOM 242933 T. koningiopsis Ottawa, ON Indoor air sample 

DAOM 242939 T. koningiopsis Ottawa, ON Indoor air sample 

DAOM 242934 T. atroviride Ottawa, ON Indoor air sample 

DAOM 242935 T. atroviride Ottawa, ON Indoor air sample 

DAOM 242937 T. harzianum Halifax, NS Building materials 

DAOM 242938 T. atroviride Sarnia, ON Building materials 

DAOM 242940 T. atroviride Montreal, QC Indoor air sample 

DAOM 242941 T. atroviride Sarnia, ON Building materials 
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Fermentation and Metabolite Screening 

 

All Trichoderma strains were aseptically transferred to sterile 2% MEA plates and test tube 

slants. The slants and plates were left to incubate in the dark at 25˚C for a period of 3-5 days, 

sealed with parafilm and stored at 8˚C until needed.  

 

A slant of each Trichoderma strain was used to inoculate (5%, v/v) twelve Roux bottles 

containing 200 mL of one of three different media: malt extract broth (ME; 2% malt extract), 

dextrose casein broth (DC; 4% glucose, 1% casein hydrolase) and glucose, yeast extract, malt 

extract, peptone, salts broth (GYM-salts; 2% glucose, 0.5% yeast extract, 0.5% malt extract, 

0.5% peptone, 0.25% K2PO4, 0.2% MgSO4·7H2O, (NH4)2SO4). A Roux bottle containing each of 

the individual media was extracted at one week intervals for a period of four weeks (3 media x 4 

weeks) to determine the optimal fermentation conditions for each indoor strain. 

 

The liquid cultures were filtered (Whatman #4) and the volume of the culture filtrate and pH 

were recorded. The culture filtrates were saturated with NaCl, exhaustively extracted with 

EtOAc and filtered (Whatman #1) through anhydrous sodium sulfate prior to being dried by 

rotary evaporation. The dried crude extracts were weighed, re-dissolved in a minimal amount of 

HPLC grade MeOH, filtered through a 13 mm PTFE 0.2μm filter, and dried under a gentle 

stream of nitrogen gas. 

 

Each extract was dissolved in 1 mL of HPLC grade methanol and analyzed by liquid 

chromatography-ultra violet-mass spectrometry (LC-UV-MS). This was achieved using a Waters 
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2795 separations module, Waters 996 diode array detector, and Waters MicroMass Quattro LC 

mass spectrometer. Compounds were separated by a Phenomenex Kinetex C18 (100 x 4.60mm, 

2.6μm, 100 Å) column (Torrance, California) using a mobile phase consisting of ACN- H2O 

with FA; 0.1%, (v/v). The solvent gradient was linear programmed from 5 to 100% ACN over 13 

minutes with a flow rate of 1.0 mL min
-1

. Based on the LC-UV-MS data and extract masses, the 

optimal fermentation conditions for a representative strain of each Trichoderma species was 

determined. The chromatograms of each tentatively identified T. atroviride and T. koningiopsis 

strains were identical. The DC media was relatively unproductive for generating high yielding 

culture filtrate metabolite extracts. 2% ME and GYMP-salts media generated similar LC-UV-MS 

chromatograms; however, the latter media produced greater extract masses.  

 

Metabolite Isolation 

Large scale fermentations were carried out with a single strain of T. citrinoviride (DAOM 

242931), T. koningiopsis (DAOM 2422933) and T. atroviride (DAOM 2422934). The optimal 

fermentation conditions determined during the screening process were GYMP-salts media, 25ºC, 

stationary in the dark for two weeks for T. citrinoviride and four weeks for T. koningiopsis and T. 

atroviride. Ten 250 mL Erlenmeyer flasks containing 50 mL of sterile liquid media were 

inoculated (5%, v/v) and incubated using conditions elucidated until sufficient growth was 

observed (~3 days). Each of the ten starter cultures were macerated, individually transferred to 

Glaxo bottles containing 1 L of the same sterile media and left for two or four weeks under the 

same fermentation conditions described above. The culture filtrate was extracted as described 

above.  
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Isolation of T. citrinoviride Metabolites 

 

The crude EtOAc culture filtrate extract (2.1 g) was fractionated by flash column 

chromatography with a silica gel (40-63 µm) column using a step gradient elution with hexanes-

EtOAc (0-100%) in 10% increments. Two bright yellow bands eluted in 50% EtOAc and were 

collected independently (Fractions 7 and 8). A third of fraction 7 (105 mg) was subjected RP 

semi-preparative HPLC using a Phenomenex Luna C18 (250 x 10.00 mm, 5μm, 100 Å) column. 

Fraction 7 was fractionated by a linear gradient that was programmed from 25-100% ACN-H2O 

over 19 minutes with a flow rate of 4 ml min
-1

. Fraction 7 yielded R- vertinolide (5.1, 6.4 mg), 

spirosorbicillinol C (5.4, 5.0 mg) and bisvertinol (5.6, 7.0 mg). Fraction 8 (85 mg) was separated 

by a similar HPLC program, 30-100% ACN-H2O over 19 minutes, that yielded spirosorbicillinol 

A (5.2, 9.7 mg), spirosorbicillinol B (5.3, 4.7 mg) and trichotetronine (5.5, 11.1 mg).  

 

Isolation of T. koningiopsis Metabolites 

 

The crude EtOAc culture filtrate extract (2.3 g) was subjected to vacuum liquid chromatography 

on a short silica gel column using a step gradient elution with hexanes-EtOAc (0-100%) 

followed by EtOAc-MeOH (0-100%) in 20% increments yielding 10 fractions. Fraction 2 (105.4 

mg) eluted in 20% hexanes-EtOAc and was further fractionated by RP semi-preparative HPLC 

using a Phenomenex Luna C18 (250 x 10.00 mm, 5μm, 100 Å) column. The linear gradient was 

programmed from 10-80% ACN-H2O over 25 minutes with a flow rate of 4 ml min
-1

. Fraction 2 

yielded koninginin A (5.7, 17.9 mg). Fraction 5 (487.3 mg) eluted in 70-90% EtOAc and was 

fractionated by flash column chromatography utilizing a silica gel column and MeOH-CHCl3 
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gradient that increased from 0-20% MeOH-CHCl3 in 2% increments yielding ten fractions. 

Fraction 5.3 (99.6 mg) eluted in 3% MeOH and yielded koninginin B (5.8, 21.9 mg) after two 

successive HPLC purifications. Fractions 5.4 to 5.7 (324.4 mg) eluted in 5-9% MeOH-CHCl3, 

were combined and  fractionated by flash column chromatography using a silica gel column and 

MeOH-CHCl3 gradient from 0-12% MeOH in 3% increments. This afforded a fraction (107.9 

mg) that eluted in 3% MeOH that provided koninginin D (5.9, 18.1 mg) and koninginin F (5.10, 

8.0 mg) after HPLC purification using the same conditions described for 5.7.  

 

Isolation of T. atroviride Metabolites 

 

The crude EtOAc culture filtrate extract (1.4 g) was fractionated by flash column 

chromatography with a silica gel (40-63 µm) using a MeOH-CHCl3 gradient that increased from 

0 to 10% MeOH-CHCl3 in 1% increments. Each of the six resulting fractions was screened by 

LC-UV-MS as previously described. Each of their chromatograms was similar to one another 

and of the crude extract. A column fraction with a mass (120.4 mg) suitable for further 

purification was subjected to RP semi-preparative HPLC using a Phenomenex Luna C18 (250 x 

10.00 mm, 5μm, 100 Å) column and linear gradient was programmed from 20-100% ACN-H2O 

over 13 minutes with a flow rate of 4 ml min
-1

. This yielded compounds 5.11 (27.8 mg) and 5.12 

(0.8 mg). 

 

General Experimental Procedures 

Metabolite NMR spectra were obtained on a Bruker Avance 400 Spectrometer (Milton, On) at 

400.13 (
1
H) and 100 MHz (

13
C) using a 5 mm auto-tuning broadband probe with a Z-gradient.  
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Secondary metabolites were dissolved in CD3CN (δH 1.94 and δC 118.7/1.39), or CD3OD (δH 

3.30 and δC 49.0) (CDN Isotopes, Point Claire, QC) and were referenced to the solvent peak. 

Chemicals shifts were assigned based on 
1
H, 

13
C, COSY, HSQC, HMBC, and DEPT-135 spectra 

utilizing standard Bruker pulse sequences. High resolution mass spectrometry data were acquired 

on a system equipped with an Agilent 1100 binary pump connected to an Agilent G1969A 

LC/MSD TOF HRMS. Compounds were separated on a Phenomenex Zorbax C18 (50 x 3.0 mm, 

1.8μm) column using a mobile phase consisting of ACN- H2O with formic acid (0.1%, v:v). The 

gradient was linear programmed from 10 to 95% ACN over 4 minutes at a flow rate of 1 mL 

min
-1

.  The MS was operated in both positive and negative ion mode. UV spectra of all major 

metabolites were obtained using a Varian Cary 3 UV-visible spectrophotometer scanning from 

190- 800 nm. Optical rotations were determined using an Autopol IV polarimeter. 

 

 

 

 

 

 

 

 

 

 

 

 



182 

 

 

 

 

 

 

 

 

 

 

CHAPTER VI 

 

GENERAL DISCUSSION 
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There is now a lot known about the fungal metabolites that are produced by fungi that commonly 

occur in damp buildings. This has been achieved by the acquisition of more reliable information 

regarding the fungi common on damp building materials.  As previously described, the fungal 

communities that occur on damp building materials are primarily a consequence of how wet the 

material gets, the period of time it remains wet and the chemistry of the material. However, since 

similar building materials are utilized in developed countries, the frequency of the most common 

species appears similar in temperate zones. This assertion is supported by higher resolution 

information obtained from next generation sequencing studies (Amemd et al. 2010; Dannemiller 

et al. 2014). Based on traditional culture techniques the fungi associated with particular damp 

building materials have been summarized for Europe (Andersen et al. 2011) as well as Canada 

and the USA (Miller et al. 2008).  

 

As different building materials afford their own unique combination of nutrients, chemistry, 

available water and other physical factors, it should be no surprise that specific fungi are 

associated with different damp materials. Some of the most commonly used building materials 

include insulation, gypsum wallboard, cellulose-based products such as wood, manufactured 

food, ceiling tiles and textiles. Many Penicillium species can be found on wet insulation due to 

their ability to tolerate formaldehyde. Cladosporium species also appear to be fairly common on 

insulation. However, as many of these species are present in outdoor air and are common on 

surfaces, finding these species by traditional culture methods does not necessarily indicate their 

growth on the substrate indoors (AIHA 2008). 
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Three factors that directly affect the mycoflora on gypsum wallboard are water activity, nutrients 

and concentration of salts, particularly calcium salts. C. globosum, S. chartarum, Memnoniella 

echinata, A. versicolor, A. sydowii, Paecilomyces variotii, C. sphaerospermum, P. chrysogenum, 

P. commune and E. herbariorum are all common on gypsum wallboard. These species have been 

recovered from alkaline soils and have a high tolerance for calcium salts.  

 

Some of the fungi found growing on wet solid wood are also found on various manufactured 

wood products. Variation of fungi growing on wood can be caused by the type of wood (soft or 

hard) used as each will require different fungal biochemistry (i.e. secretion of enzymes). Wood 

based products may also vary from different manufacturers. Textiles are much more difficult to 

generalize compared to wood as they can be derived from multiple components. Molds found 

growing on wool for example would be required to degrade keratin. However, fungi commonly 

found growing on textiles are also prevalent on gypsum board, wood and wood products. Some 

dominant species on wood and wood based products include C. globosum, S. chartarum, P. 

chrysogenum, P. brevicompactum, C. sphaerospermum, A. versicolor, T. harzianum, 

Paecilomyces variotii and Ulocladium chartarum (AIHA 2008). 

 

Common food-borne fungi typically produce secondary metabolites optimally when the water 

activity of the substrate is high, near 1.0, and at mesophilic temperatures, 20-25 °C (Frisvad and 

Thrane 1995). The majority of fungal metabolite production investigations on damp building 

materials have been performed when the water activity is between 0.95-0.99 at 25 °C (Nielsen 

2003). The influence of relative humidity and temperature on growth and secondary metabolite 

production of common indoor fungi for variety of building materials has been studied. The lower 
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water activity limit for fungal growth on wood and wood based products was 0.78 at 20-25 °C. 

This increased to 0.90 at 5 °C. At lower water activities, some of the more xerophilic 

Penicillium, Aspergillus and Eurotium species dominated. Their production of secondary 

metabolites was drastically reduced on building materials at lower water activities in comparison 

to when the water activity was > 0.95. The exception was a xerophilic Eurotium species (Nielsen 

et al. 2004).  The production of walleminone by the xerophile W. sebi increased as the amount of 

solute was added to the liquid medium lowering the water activity (Frank et al. 1999; Wood et al. 

1990). Indoor strains of W. sebi studied here would not grow let alone produce metabolites on 

high water activity media. Similar observations were made with P. corylophilum. Appreciable 

metabolite amounts were not generated from this moderately xerophilic Penicillium species 

when using 2% malt exact or Czapek Dox broth. It was only when it was grown using 15% yeast 

extract, sucrose liquid medium when this was achieved. Induction of metabolite production by 

low water activity conditions by xerophilic fungi was also observed by Sepcic et al. (2011). This 

indicates that some xerophilic fungi commonly found in damp buildings are capable of 

producing secondary metabolites when low water activity would appear to generate unfavorable 

conditions.  

 

Many of the fungi commonly that have been commonly identified growing on damp building 

materials have been investigated for both secondary metabolites and human antigens due their 

deleterious impact on human health. The number of sensitized, atopic patient sera that respond to 

a specific mold allergen typically correlates with the frequency that those species are found in 

damp buildings in Canada and USA. The Fleming clade of P. chrysogenum, now called P. 

rubens is the most common species of Penicillium on damp building materials (Miller et al. 



186 

 

2008). For this species, just over 50% of the patient sera in the Miller lab collection reacted to 

the allergen (Wilson et al. 2009). For another very common fungus, A. versicolor, 20% reacted 

and for the extensively studied S. chartarum sensu lato, 10% of the patient sera responded to its 

antigen (Xu et al. 2007). Human antigens have recently been identified for two additional 

prevalent indoor fungi that were examined in my investigation of secondary metabolites. 

Approximately 50% of the sera tested responded to a C. globosum chitosanase (Provost et al. 

2013) and for the largely ignored W. sebi, 36% responded to a cellulase (Desroches et al. 2014). 

C. globosum is reliably known to be a dominant fungi found on damp building materials 

(Andersen et al. 2011; Miller et al. 2008). However, the prevalence of antibodies responding to 

W. sebi indicates it is more common in the built environment than previously thought. P. 

corylophilum is known to cause allergic responses in humans (Unoura et al. 2011); however, the 

allergen has not been reported. Due to limited reports of its secondary metabolites and suspected 

prevalence indoors P. corylophilum was studied.  

 

The most common species of Penicillium found on damp materials in the USA and Canada is the 

Fleming clade of P. chrysogenum, now called P. rubens. Indoor strains of this fungus make 

penicillin G, roquefortine C, meleagrin and xanthocillin X (De La Campa et al. 2007; 

Houbrachen et al. 2011). P. chrysogenum produces the same metabolites as P. rubens with the 

addition of secalonic acid D and F and a lumpidin-related compound (Houbrachen et al. 2011). 

Metabolites from Canadian strains of another common Penicillium species, P. brevicompactum, 

include brevianamide, mycophenolic acid (Rand et al. 2005), asperphenamate and a tanzawaic 

acid (Nielsen et al. 1999; 2004). An indoor air isolate of P. crustosum from Denmark produced 

roquefortine C, penitrem A, viridicatols, terrestic acid and andrastin A (Sonjak et al. 2005). The 
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mycotoxin citrinin, produced by many Penicillium species including P. citrinum, was detected in 

three Finish indoor samples (Tuomi et al. 2000).  

 

One of the most common species found growing on water-damaged building materials, A. 

versicolor, produces the aflatoxin precursor sterigmatocystin and 5-methoxysterigmatocystin. 

These compounds have been directly detected on water-damaged building materials (Bloom et 

al. 2007; 2009; Nielsen et al. 1999; 2004; Tuomi et al. 2000) air samples and dust collected from 

carpets and floors (Bloom et al. 2007; 2009; Engelhardt et al. 2002). 

 

The isoquinoline alkaloids TMC-120 A-C, their derivatives and a drimane sesquiterpene were 

isolated from indoor strains designated Aspergillus ustus sensu latto. However, this species was 

revised recently and strains common in the built environment are A. insuetus and A. calidoustus 

(Slack et al. 2009). TMC-120 A has been detected on building materials contaminated with this 

species. A. ochraceus is also common indoors; however, is more often associated with concrete 

and flooring (Andersen et al. 2011). This species produces a variety of metabolites including the 

nephrotoxic ochratoxin A, penicillic acid, xanthomegnin, viomellein and vioxanthin (Frisvad and 

Thane 2002). Ochratoxin A was originally reported indoors from moldy pet food debris in house 

dust (Richard et al. 1999) and has since been detected in from damp building materials (Taübel 

et al. 2011). Aflatoxin B1 and B2 were also identified from indoor air, dust and biomass samples, 

but as was the case for ochratoxin A, the producing species could not be identified (Polizze et al. 

2009). Aflatoxin B1 was detected from indoor air samples collected from hospitals that were 

positive for A. flavus (Bloom et al. 2009). 
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In North American buildings, the dominant species of Eurotium, an Aspergillus teleomorph, are 

E. amstelodomi and E. herbariorum where E. rubrum is less common. Neoechinulin A and B, 

epiheveadride, flavoglaucin, auroglaucin and isotetrahydroauroglaucin are the major metabolites 

produced by most Eurotium species. E. rubrum produced all of these compounds but 

epiheveadride was detected only in minor amounts. The major metabolite of E. herbariorum is 

cladosporin that was not isolated from E. amstelodomi or E. rubrum. Strains from the built 

environment in Canada and the USA accumulate a number of compounds in the mycelium 

including echinulin which has been detected on building materials (Nielsen et al. 2004; Slack et 

al. 2009).  

 

Damp building strains of the two species of Stachybotrys that occur in the US and Canada make 

many biologically active compounds (Miller et al. 2003). S. chartarum sensu latto was separated 

into two distinct chemotypes and related species, S. chlorohalonata (Andersen et al. 2002; 2003). 

S. chartarum chemotype S produces the macrocyclic trichothecene satratoxins (G and H) and 

roridin E, which has been directly detected from indoor air and dust samples (Polizzi et al. 2009). 

Chemotype A produces atranones A, B, F and E, their precursors and dolabellanes (Andersen et 

al. 2002; Nielsen et al. 1998; Rand et al. 2006; Vesper et al. 2002). S. chlorohalonata could be 

differentiated based on metabolite profiles from chemotype S (Andersen et al. 2003). All three 

chemically distinct species produced the simple trichothecenes trichodermin and trichodermol, 

precursors to the macrocyclic trichothecenes. The dominant metabolites produced by both S. 

chartarum chemotypes and S. chlorohalonata were the immunosuppressant spirocyclic drimanes 

and their precursors, however, S. chlorohalonata was shown to generally produce less (Andersen 

et al. 2002; Nielsen 2003). While all Stachybotrys isolates investigated produced trichothecenes, 
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approximately 40% synthesized the much more toxic macrocyclic trichothecenes (Andersen et 

al. 2002). This is a pertinent example of metabolite profiles being utilized to distinguish between 

two morphologically similar fungi.  

 

Memnoniella echinata is closely related to S. chartarum, produces many of the same toxins and 

is found on similar building materials (Jarvis et al. 1998). It produces the simple trichothecenes 

trichodermin and trichodermol, xanthone and spirocyclic drimanes different than those from S. 

chartarum. However, M. echinata indoor isolates primarily produce several griseofulvins 

including dechlorogriseofulvin, and epi-dechlorogriseofulvin (Jarvis et al. 1996; 1998; Nielsen et 

al. 1998). Interestingly, this was the first example of a griseofulvin producing species outside the 

genus Penicillium (Jarvis et al. 1996). More recent phylogenetic analysis could not differentiate 

Memnoniella from Stachybotrys. The current correct name is Stachybotrys echinata (Samson et 

al. 2010). 

 

Despite being one of the most common fungi found on damp building materials (Andersen et al. 

2011; Miller et al. 2008) and a known producer of toxic secondary metabolites, surprisingly,  

Chaetomium globosum has received much less attention compared to other fungi common in the 

built environment such as S. chartarum. Strains of this fungus studied here produced primarily 

chaetoglobosin A, C and F, chaetomugilin D, chaetoviridin A which all have potent bioactivities 

(McMullin et al. 2013). Other chaetoglobosins and azaphilones are also produced in minor 

amounts (McMullin et al. 2013). Some Chaetomium species are capable of producing 

sterigmatocystin; however, none of these species has been identified indoors. Chaetoglobosins A 
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and C (Fogel et al. 2007; Nielsen et al. 1999; Täubel et al. 2011) and chetomin (Vishwanath et al. 

2009) have all been reported from moldy building materials.  

 

Metabolites produced by P. corylophilum isolates investigated here produced the eremophilane 

sesquiterpene phomenone, the meroterpenoids andrastin A and citreohybridonol, koninginins A, 

E and G, and a number of new to science metabolites (McMullin et al. 2014). The new P. 

corylphilum metabolites include four isochromans and three alpha pyrones (McMullin et al. 

2014). Of the characterized metabolites, only phomenone was reported in the literature to be 

produced by P. corylophilum making these first reports of alpha pyrones, meroterpenoids from 

this surprisingly common indoor fungus. More surprisingly, this was the first observation of 

koninginins outside the genus Trichoderma.  

 

A number of species of Trichoderma have been reported from damp building materials including 

T. longibrachiatum T. citrinoviride, T. harzianum, T. atroviride, T. viride, T. harmatum and T. 

koningii (Andersen et al. 2011; Lubeck et al. 2000). The simple trichothecenes trichodermin and 

or harzianum A were originally reported from T. viride and T. harzianum. However, these 

producing strains were later shown to be T. brevicompactum which is not found in the built 

envronment. Isolates of T. viride, T. harzianum, T. atroviride, T. longibrachiatum and T. 

citrinoviride from European buildings did not produce either trichothecene (Nielsen et al. 2005). 

Canadian strains of T. koningiopsis and T. atroviride from the Canadian buildings produced 

koninginins A, B, D and F and the simple alpha pyrone, 6- pentyl-2H-pyran-2-one, respectively. 

A T. harzianum strain produced the same metabolites as the T. atroviride strains investigated 

here. The production of low molecular weight pyrones and lactones is characteristic of this genus 
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(Reino et al. 2008). An isolate of T. citrinoviride produced various sorbicillin-derived 

compounds including the (R) isomer of vertinolide, spirosorbicillinol A-C, bisvertinol, and 

trichotetronine. From the related species, T. longibrachiatum, one 11- and eight 20- residue new 

cytotoxic peptaibols named trilongins were identified from a Finish indoor isolate (Mikkola et al. 

2012). 

 

The largely ignored xerophilic fungus Wallemia sebi is now known to be common in settled 

house dust in both North America and Europe. A strain recovered from dust in a school vent in 

Canada produced the sesquiterpene walleminone, a new alkaloid wallimidione, tryptophol and 

various other amino acid derived small compounds (Desroches et al. 2014). 

 

To determine the impact fungi found in damp buildings have on human health, proper taxonomic 

identifications are required. This allows the real biodiversity and health hazards of the dominant 

or pertinent fungi to be investigated. Additionally, depositing strains in recognized culture 

collections allowing them to be studied further is critical to future studies. All indoor derived 

strains of C. globosum, P. corylophilum, W. sebi and Trichoderma species investigated here were 

obtained from recognized culture collections or have been deposited with the Canadian National 

Mycological Herbarium in Ottawa, Ontario.  

 

I found that much of the existing literature concerning the secondary metabolites produced by 

fungi I studied had suffered from doubtful identifications, and in some cases, poor chemical 

analysis. The identification of fungi based on morphology has been shown to have multiple 

restrictions. Using molecular methods to examine gene sequences may yield species segregation 
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of morphologically similar fungi (Samson et al. 2010). This can be exemplified by the P. 

roqueforti complex and related species examined in the Miller lab (Nielsen et al. 2006). In 

conjunction with morphological characteristics and gene sequences, secondary metabolite 

profiles can aid in the identification of fungi as the set of metabolites for a given species are 

typically consistently produced (Larsen et al. 2005). Polyphasic examinations of fungi have 

resulted in the taxonomic revisions of many fungal genera. Studying deposited Trichoderma 

strains from the indoor environment and employing a polyphasic approach demonstrated that 

trichothecene production within the genus appears to be restricted to the T. brevicompactum 

clade (Degenkolb et al. 2008; Nielsen et al. 2005). Resolving this incorrect taxonomy indicated 

that Trichoderma species commonly found indoors do not produce toxic trichothecenes.  

 

All of the metabolites reported herein were purified from culture filtrate extracts and 

unambiguously structurally characterized by mass spectrometry, nuclear magnetic resonance, 

chemical derivatization and other spectroscopic methods. As the metabolites identified here all 

came from properly identified, deposited strains, this investigation of fungal secondary 

metabolites can aid future taxonomic studies of these or related species. Accurate descriptions of 

the metabolites profiles were made from spectroscopic data opposed to identifications based on 

chromatographic peaks and/or fragmentation patterns. Nielsen et al. (1999) studied the 

metabolite profiles of indoor C. globosum isolates identifying chaetoglobosin A and C as well as 

multiple unidentified compounds using HPLC-DAD. Comparison of the chromatographic and 

spectroscopic data for chaetoviridin A isolated during this work identifies it in the C. globosum 

extracts investigated by Nielsen et al. (1999). Purifying non-trivial amounts, a couple mg, of 

fully characterized metabolites from properly identified isolates aids in deconvoluting existing 
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secondary metabolite literature, provides standards that can be used to quantify metabolite 

production or in toxicological experiments.  

 

All fungi studied here were screened for metabolite production using a variety of different liquid 

media. Growing fungi on agar media for the purpose of metabolite screening has previously been 

demonstrated to underestimate their toxigenic potential (Nielsen et al. 2006).  Large-scale 

fermentations with a variety of media have resulted in the characterization of unexpected 

metabolites from even very well studied fungi. This was apparent in P. corylophilum where 

alpha pyrones, meroterpenoids, and koninginins were identified for the first time from this 

species which included the characterizing seven new metabolites. Finding koninginins would 

probably have been as surprising as isolating griseofulvins from M. echinata. Koninginins and 

griseofulvins were reported for the first time from indoor strains when they had previously only 

been observed in the Trichoderma and Penicillum genera, respectively. This works has resulted 

in the discovery of at least one new metabolite from each of the four fungal genera studied. 

Three new azaphilones were isolated from C. globosum, an unusual alkaloid was identified from 

W. sebi, an unreported isomer of vertinolide was characterized from T. citrinoviride as well as 

the four new isochromans and 3 α-pyrones from P. corylophilum mentioned above. This 

demonstrates the use of different media and large-scale fermentations to discover new 

compounds, even from fungi that have been extensively studied.  

 

A limited number of investigations of have demonstrated that exposures to secondary 

metabolites from fungi found growing in damp buildings cause various inflammatory responses. 

At the actual doses, nM, that could be experienced by the human lung from metabolite exposures 
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in a damp building with mold damage, many of these compounds, including mold specific 

glucan, modulate a variety of genes and chemokine responses. These responses are associated 

with asthma pathways and these observations have been made in vivo, in primary cells as well as 

relevant immortalized cell lines (Rand et al. 2011; 2013). Responses include dose, time and 

compound dependent transcription and expression of the genes associated with acute pulmonary 

inflammation. These alterations were especially apparent in alveolar marcophages where the 

induction of three chemokines, including tumour necrosis factor alpha (TNF-α), involved in lung 

inflammation was observed by immuno-histochemistry (Rand et al. 2011). These genetic 

alterations are also accompanied by histological disruptions. These inflammatory responses 

provide a tangible etiology for some of the adverse health effects reported from individuals 

occupying damp, moldy buildings including non-atopic asthma  (Akpina et al. 2013; Miller et al. 

2010; Rand et al. 2010; 2011; 2011; 2013). 

  

Investigations of the effects of metabolites from indoor fungi have on relevant endpoints 

includes studies on the spores of S. chartarum chemotypes that either produce macrocyclic 

trichothecenes or atranones (Flemming et al. 2003); brevianamide A and mycolpheolic acid (P. 

brevicompactum), roquefortine C (P. rubens) (Rand et al. 2005); atranones A and C (S. 

chartarum) (Rand et al. 2006); sterigmatocystin (A. versicolor), TMC-120 A (A. ustus sensu 

latto), neoechinulin A and B (E. amstelodami, E. herbariorum and E. rubrum) cladosporin from 

E. herbariorum (Miller et al. 2010; Rand et al. 2011). In all cases, inflammatory responses were 

observed in response to metabolite exposures that could be experienced in a building with mold 

damage.  
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The primary focus of this study was to elucidate the dominant metabolites from some prominent 

indoor fungi to determine how these chemicals alter biochemically relevant human endpoints. To 

conduct toxicological research aimed at elucidating the inflammatory properties of metabolites 

produced by common indoor fungi, first requires generation of very pure compounds. To 

continue these investigations, chaetoglobosin A, chaetomugilin D (C. globosum); phomenone, 

andrastin A (P. corylophilum), walleminone and tryptophol (W. sebi), koninginin A (T. 

koningiopsis and P. corylophilum) and trichotetronine (T. citrinoviride) are currently being 

investigated for their inflammatory effects. Preliminary data have been obtained using a relevant 

mouse alveolar macrophage cell line, RAW 264.7 (Rand et al. 2013). Alveolar macrophages 

were utilized as they are considered defense cells of the respiratory system and are responsible 

for acute inflammation by releasing various chemokines into the lung (Rand et al. 2011). 

Considering the mechanistic importance of the chemokine TNF-ɑ, up regulation was observed at 

10
-8

 M for both chaetoglobosin A and chaetomugilin D, and 10
-7

 M in the case of andrastin A 

and walleminone (Rand, personal communication). Information from these experiments will 

contribute to a more comprehensive understanding of the mechanism for non-atopic asthma and 

other adverse health effects associated with exposure to mold and dampness indoors (Rand et al. 

2013).  
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APPENDIX I – 
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H and 

13
C NMR spectra for isolated secondary metabolites 
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1
H-NMR (CD3CN, 400 MHz) spectrum of compound 2.1 

 

 

13
C-NMR (CD3CN, 100 MHz) spectrum of compound 2.1 
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1
H-NMR (CDCl3, 400 MHz) spectrum of compound 2.2 

 

13
C-NMR (CDCl3, 100 MHz) spectrum of compound 2.2 
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1
H-NMR (CD3OD, 400 MHz) spectrum of compound 2.3 
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1
H-NMR (CD3CN, 400 MHz) spectrum of compound 2.4 

 

13
C-NMR (CD3CN, 100 MHz) spectrum of compound 2.4 
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1
H-NMR (CD3CN, 400 MHz) spectrum of compound 2.5 

 

13
C-NMR (CD3CN, 100 MHz) spectrum of compound 2.5
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1
H-NMR (CD3CN, 400 MHz) spectrum of compound 2.6

 

13
C-NMR (CD3CN, 100 MHz) spectrum of compound 2.6 
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1
H-NMR (CD3OD, 400 MHz) spectrum of compound 2.7 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of compound 2.7 
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1
H-NMR (CD3CN, 400 MHz) spectrum of compound 2.8 

 

13
C-NMR (CD3CN, 100 MHz) spectrum of compound 2.8 
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1
H-NMR (CD3OD, 700 MHz) spectrum of compound 3.1 

 

13
C-NMR (CD3OD, 175 MHz) spectrum of compound 3.1 
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1
H-NMR (CD3OD, 700 MHz) spectrum of compound 3.2 

 

13
C-NMR (CD3OD, 175 MHz) spectrum of compound 3.2 
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1
H-NMR (CD3OD, 700 MHz) spectrum of compound 3.3 

 

13
C-NMR (CD3OD, 175 MHz) spectrum of compound 3.3 
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1
H-NMR (CD3OD, 700 MHz) spectrum of compound 3.4 

 

13
C-NMR (CD3OD, 175 MHz) spectrum of compound 3.4 
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1
H-NMR (CD3OD, 700 MHz) spectrum of compound 3.6 

 

13
C-NMR (CD3OD, 175 MHz) spectrum of compound 3.6 
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1
H-NMR (CD3OD, 700 MHz) spectrum of compound 3.7 

 

13
C-NMR (CD3OD, 175 MHz) spectrum of compound 3.7 
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1
H-NMR (CD3OD, 700 MHz) spectrum of compound 3.8 

 

13
C-NMR (CD3OD, 175 MHz) spectrum of compound 3.8 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 3.5 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 3.5 

 

  

(B) 
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1
H-NMR (CD3OD, 700 MHz) spectrum of 1:1 mixture of compounds 3.1 and 3.2 

 

13
C-NMR (CD3OD, 175 MHz) spectrum of a 1:1 mixture of compounds 3.1 and 3.2 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 3.9 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 3.9
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1
H-NMR (CD3OD, 400 MHz) spectrum of 3.10 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 3.9 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 3.11 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 3.11
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1
H-NMR (CD3OD, 400 MHz) spectrum of 3.12 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 3.12 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 3.13 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 3.13 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 3.14 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 3.14
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1
H-NMR (CD3OD, 400 MHz) spectrum of 4.1 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 4.1
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1
H-NMR (CD3OD, 400 MHz) spectrum of 4.2 

 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 4.2
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1
H-NMR (CD3OD, 400 MHz) spectrum of 4.3 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 4.3 
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1
H (CD3OD, 400 MHz) and 

13
C-NMR (100 MHz) spectra for 4.4 

 

 

1
H (CD3OD, 400 MHz) and 

13
C-NMR (100 MHz) spectra for 4.5
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1
H (CD3OD, 400 MHz) and 

13
C-NMR (100 MHz) spectra for 4.6 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.1 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.1 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.2 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.2 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.3 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.3 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.4 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.4 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.5 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.5 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.6 

 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.6 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.7 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.7
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.8 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.8 

 



257 

 

1
H-NMR (CD3OD, 400 MHz) spectrum of 5.9 

 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.9
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.10 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.10 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.11 

 

13
C-NMR (CD3OD, 100 MHz) spectrum of 5.11 
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1
H-NMR (CD3OD, 400 MHz) spectrum of 5.12 
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APPENDIX II – Characterization of a W. sebi Antigenic Cellulase 
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Indirect ELISA were performed as a preliminary means of assessing the reactivity between crude 

extracellular extracts of the six strains of W. sebi tested and the human polyclonal antibodies in 

the sera from 84 atopic patients (Provost et al. 2013). Of these, 66 sera produced adequate 

response for subsequent immunoblotting to visualize proteins from culture extracts from each W. 

sebi strain. Based on these data, a ~47 kDa protein was selected for further study as it was 

present in all strains tested and gave a strong immunoblot response. Additionally, this protein 

was observed in the extracellular protein extracts and arthrospores of all six W. sebi strains 

studied. Rabbit polyclonal antibodies produced to the target protein responded to the purified 

target protein as well as with the intracellular proteins and spore protein extracts on Western 

immunoblots and with a capture ELISA. This confirmed the antigenicity of the target protein in 

rabbits and humans but most importantly, confirmed the antigens presence in large amounts 

within the W. sebi arthrospores. The 47 kDa protein had an isoelectric point (pI) of 4.9 and was 

glycosylated. The de-glycosylation procedure revealed that the extent of glycosylation was ~5% 

by weight (Desroches et al. 2014).   

 

The semi-purified protein sample was separated by two dimensional SDS-PAGE and visualized 

by western blot with enhanced anti-W. sebi rabbit polyclonal antibodies. Proteins were applied to 

two IPG strips with a pH range of 4-7 (7 cm) and left overnight to rehydrate. The IPG strips were 

focused for  25, 000 V hours on a Protean IEF cell and loaded onto two SDS-PAGE gels for 

separation in the second dimension. Proteins were transferred by immuno-blot to a PVDF 

membrane and stained with IgG specific antibodies to confirm the presence of the targeted 

antigenic protein on the first gel. The second gel was silver stained and the corresponding protein 

was excised, digested with trypsin in-gel and analyzed by nano liquid chromatographic tandem 
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mass spectrometry (nLC-ESI-MSMS; table A.1). A Mascot database search performed on the 

peptide MSMS spectra identifying a cellulase (gi|388581511) from W. sebi CBS 633.66. When 

using a Mascot score greater than 30, seven peptides were observed accounting for 24% 

sequence coverage of the full length protein. When setting the Mascot score to 20, the sequence 

coverage increased to 35% due to the addition of amino acids 171-213. This is most likely due to 

the proline at position 185 inducing conformational restriction in the peptide chain located 

directly after lysine 184, the only trypsin cleavage site between these amino acids. The 

experimentally determined pI of 4.9 compared favorably to the predicted pI of 4.97. Based on 

analysis with SignalP 4.1, the antigenic cellulase contained a 23 amino acid signal peptide 

indicating this is an extracellular protein (figure A.1). 

 

The full sequence of W. sebi CBS 633.66 was instrumental for the identification of the target 

antigen as a cellulase (Padamsee et al. 2012). Peptide spectra were additionally verified by 

manual de novo sequencing. The prevalence of patient sera that respond to fungal allergens has 

generally correlated with the frequency of the species found in damp buildings in the USA and 

Canada(Andersen et al. 2011; Miller et al. 2008). P. chrysogenum (P. rubens), the most common 

species of Penicillium on damp building materials, just over 50% of the patient sera in from the 

Miller lab reacted to the allergen (Wilson et al. 2009). Similar results were observed for C. 

globosum, where approximately 50% of the sera tested responded to the antigenic chitosanase 

(Provost et al. 2013). Approximately 20% responded to A. versicolor (Liang et al. 2011) and 

approximately 10% for the S. chartarum sensu latto antigen (Xu et al. 2007). For W. sebi, 36% 

of the sera tested were found to react demonstrating how common this xerophilic species is 
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within damp buildings in North America. The 47 kDa excreted cellulase is present in high 

concentrations in athrospores and is antigenic in humans and rabbits (Desroche et al. 2014). 

 

Protein Identification 

Proteins were separated by two-dimensional gel electrophoresis, digested with trypsin and 

identified according to Twine et al. (2005). Briefly, extracted proteins from the culture filtrate 

were separated using linear pH 4-7, 7 cm, (Biorad) immobilized pH gradient (IPG) strips. 60 µg 

of protein extract was diluted with a solubilization buffer consisting of 4% CHAPS, 2% SB3-10, 

0.5% [v/v] pH 3-10 Biolytes (Biorad) and 0.003% [v/v] Orange G. Proteins were loaded onto 

IPG strips and allowed to rehydrate overnight. Isoelectric focusing was achieved using a Protein 

IEF Cell (Biorad) using the following conditions: 200V for 30 minutes, 500 V for 30 minutes, 2 

hour ramp to 6500 V and 3 hours of focusing at 6500 V for a total of 20 000 to 25 000 V hours. 

IPG strips were equilibrated for approximately 30 minutes in equilibration buffer consisting of 

2% SDS, 50 mM Tris/HCl pH 8.8, 6 M urea, 30% glycerol and 1% DTT followed by the same 

solution replacing DTT with 4% iodoacetamide. Proteins were separated in the second 

dimension on 10% polyacrylamide gels (8x10 cm) using a PowerPac 1000 (Biorad) at 150-200V 

for 45 minutes. Gels were fixed with 50% ethanol, 5% acetic acid and subsequently stained with 

silver nitrate to visualize proteins. Protein spots of interest were manually excised from the silver 

stained gel, de-stained with 15 mM potassium hexacyanoferrate and 50 mM sodium thiosulfate.  

 

Each spot was individually digested with 20 ng µL
-1

 trypsin (Promega) in 50 mM ammonium 

biocarbonate at 37ºC overnight. Peptides were extracted from gel spots with 5% acetonitrile 

(ACN) in 1% acetic acid. Peptides were separated by nano-liquid chromatography using a 
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“CapLC” capillary chromatography system (Waters) and analyzed by tandem mass spectrometry 

using a QTOF Ultima hybrid quadrupole time-of-flight mass spectrometer (Waters). Tryptically 

digested peptides were injected on a reverse phase PepMap C18 nano-column (75 µm x 150 mm) 

(Dionex) and resolved by a linear gradient programmed from 5-75% solvent B (ACN, 0.12% 

formic acid) over 30 minutes at a flow rate of ~ 350 nL min
-1

. Peptide tandem MS spectra were 

obtained on the most abundant doubly, triply and quadruply charged ions. Mascot Daemon 

(Matrix Science) was utilized to search the genome strain Wallemia sebi CBS633.66 and the 

antigenic protein was identified based on matching peptide sequences derived from the MS/MS 

spectra. MS/MS spectra of peptides were accessed based on a Mascot score greater than 30 and 

by manual de novo sequencing. 

 

  



266 

 

Table A.1: Sequence fragments from the nLC-ESI-MS/MS analyses of the 47 kDa W. sebi antigenic cellulase (gi|388581511). 

 

Observed (m/z) MR (expt.) MR (calc.) Error (Da) Peptide Sequence 

434.2438 (2
+
) 866.4730 866.4722 0.0008 90-97 K.NAGLTHVR.I 

1123.5829  (2
+
) 2245.1512 2245.1532 -0.0019 98-117 R.IPVGFWAIETQGEPYIVGNR.L 

1103.5541 (2
+
) 2205.0935 2205.0926 0.0009 135-155 K.VWIDLHGAPGSQNGLDNSGLR.T 

920.9195 (2
+
) 1839.8244 1839.8248 -0.0004 156-170 R.TNNVQWHTDQNNVDR.S 

819.8492  (2
+
) 1637.6838 1637.7256 -0.0418 353-366 R.QMWNTQVDAFEGGR.G 

567.7496 (2
+
) 1133.4845 1133.5334 -0.0489 367-374 R.GYFFWTWK.N 

684.7692 (2
+
) 1367.5238 1367.5742 -0.0503 375-385 K.NEEAADWSYQR.L 

 

 

MKFNILALAA  AVAASPLQRR  YGDLIRGVNI  GGLFVLEPWI  TPSVFDQTGN  50 

PAIVDEWTFG  QYQDHAQAES  AINSHLETFF  TYDDFQQIKN  AGLTHVRIPV  100 

GFWAIETQGE  PYIVGNRLNK  LKEVVRWCRD  IGLKVWIDLH  GAPGSQNGLD  150 

NSGLRTNNVQ  WHTDQNNVDR  SLSYIQTLTD  EFTKPEYGAI  VEAIELLNEP  200 

QSATHPEMLG  TLKSFYQNGY  GIVSQKAATA  IHDGFLDVNQ  WNDFLTSPQE  250 

NVYLDTHKYQ  VFSDQQLQSS  DEQRTGAICQ  FKDKFAEHTA  NQHWVITGEW  300 

SLATTDCARY  LNGRGIGARY  DGSYSGSSYV  GSCQGKTGDG  SDWSEEYKNQ  350 

LRQMWNTQVD  AFEGGRGYFF  WTWKNEEAAD  WSYQRLLQLG  IIPQDPNSYQ  400 

HGICG                                                       405 

 

Figure A.2: Amino acid sequence of the extracellular W. sebi antigenic cellulase isolated from UAMH7897. Underlined is the 23 

amino acid signal peptide and sequenced peptides are indicated in bold when utilizing a Mascot score greater than 30. 

 


