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A microbe-derived treatment to help inhibit White-nose Syndrome in hibernating North 

American bats 

 

By Mayara Mejri  

 

ABSTRACT 

Pseudogymnoascus destructans (P. destructans) is known to be the causative agent of 

White-Nose Syndrome in hibernating North American bats. To date, this disease has caused large-

scale mortality in bat populations present in 25 US states and 5 Canadian provinces. White Nose 

Syndrome is associated with a decrease in fat reserves and a substantial loss in water and 

electrolytes. This disturbance in normal metabolism leads to frequent arousal periods during 

hibernation. While fighting against the disease, exhaustion of compensatory mechanisms leads to 

mortality.  

Probiotics and microbe-derived treatments are the likely solution for managing White Nose 

Syndrome since introducing foreign antifungals can affect an already sensitive cave environment. 

This study examines the inhibitory effect of one Penicillium spp. isolate on P. destructans. Sanger 

sequencing and NCBI BLAST confirmed the identity of the Penicillium spp. The isolate was 

identified to be Penicillium herquei. Using pairwise testing plates, the fungus has been shown to 

inhibit the growth of P. destructans over the course of two weeks. The growth curve of the isolate 

was tracked by measuring the dry mass and the absorbance of different liquid cultures over 10 

days. The inhibition could either be due to resource or interference competition. The cell-free 

liquid culture was added to fresh media to make up plates that were subsequently inoculated 

with P. destructans. These plates had no to little growth which showed that the presence of the P. 

herquei is not crucial to the inhibition and that there is no resource competition between the two 

fungi. This indicates that the isolate probably secretes an inhibitory compound. Plates inoculated 

with the isolate were extracted with solvents of different polarities and then analyzed using a 

quadrupole time-of-flight mass spectrometer to determine the mass-to-charge ratio and the 

retention time of the inhibitory compound.  
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1. Introduction 

1.1 Chiropterans: Important anatomy and physiology  

Chiropterans or bats are one of the most diverse mammalian groups after rodents. The order 

Chiroptera includes 18 families and more than 1116 bat species to date (Heard et al., 2007). It is 

also one of the most largely spread-out groups that inhabit tropical areas as well as oceanic islands 

and some of the colder regions in both hemispheres (Heard et al., 2007). Members of the 

Chiropterans family undergo hibernation. It is a response to seasonal periods that have high energy 

demand and low energy availability. During hibernation, bats experience a variety of 

physiological, behavioural, and morphological changes. A regular hibernation season contains 

different periods of torpor (Carey et al., 2003). For brown bats (Eptesicus fuscus), torpor lasts 

approximately 3.3 days (Halsall et al., 2012). Bats are homeotherms which means that they can 

control their metabolic rate and body temperature (Zagmajster et al., 2019). During this torpor 

period, basal metabolic rate is decreased by about 2 – 4% (Carey et el., 2003). However, necessary 

physiological functions continue at a lower rate whereas some functions are suspended till the end 

of the torpor. During this hibernation period, the heart rate is decreased from its normal value of 

200-300 beats/min to 3-5 beats/min. Respiration rate also decreases from 100-200 breaths/min to 

4-6 breaths/min (Carey et al., 2003). Hibernating bats do not need food ingestion during the torpor 

periods. Instead, they rely on their fat reserves. In fact, the process of lipid hydrolysis from the 

white adipose tissue results in fatty acids and glycerol. These products constitute the primary fuel 

source for bats during torpor (Carey et al., 2003). Torpor can also affect other physiological 

processes and biological systems including the immune system (Fritze et al., 2019).  In fact, the 

immune response is a very costly process because it includes an increase in metabolic rate. 
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Consequently, the immune system is generally downregulated during these periods of torpor in 

bats (Fritze et al., 2019).  

The wing structure is a very important anatomical and morphological structure in bats. The 

wing tissue is composed of two epithelial tissues with a bundle of blood and lymphatic vessels, 

nerves, and connective tissues in between (Cryan et al., 2010). Wings play a critical role in 

maintaining water balance within bats. During hibernation, the exposed wing membranes, and the 

bat’s large lungs both contribute to evaporative water loss. This loss accounts for 99% of total 

water loss in hibernating bats (Cryan et al., 2010).  

The body temperature of bats during hibernation can range between 1 to 15ᵒ C (Cryan et 

al., 2010).  To conserve energy, bats also choose to cluster around humid areas of the cave to 

conserve energy and decrease evaporative water loss. In addition to that, the bat’s anatomy and 

morphology make them predisposed to evaporative water loss during hibernation (Cryan et al., 

2010). All these reasons combined make hibernating bats a vulnerable target for various infections.  

1.2 Pseudogymnoascus destructans and White-nose Syndrome 

White-nose syndrome was first documented in North America in 2006 at Howe’s Cave, 

New York City (Frick et al., 2016). In the late winter of 2007, the Department of Environmental 

Conservation discovered hundreds of dead bats on the floors of various caves. Bats were also seen 

flying out of the caves in the middle of the winter and into the snowy landscapes (Frick et al., 

2016). White-nose syndrome results in white fuzzy hyphae and conidia on the muzzle and the wing 

membranes of bats (Gargas et al., 2009). By 2014, White-nose Syndrome was found in 25 US 

states and five Canadian provinces. A confirmed case of White-nose syndrome is determined after 

histopathological examination (Frick et a., 2016). This disease has affected 47 different bat species 
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in North America (Frank et al., 2016) and 5.7 to 6.7 million North American bats (Moore et al., 

2013). 

Pseudogymnoascus destructans is the causative agent of White-nose syndrome. In April 

2009, the white-nose syndrome fungus was isolated from four different bat species: Little Brown, 

Northern Long-eared, Big Brown and Tricolored bats (Gargas et al., 2009). The initial species 

identification was done by sequencing small subunit (SSU) and internal transcribed spacer (ITS) 

RNA sequences. The results placed the causative fungus within the genus Geomyces (Gargas et 

al., 2009). However, the fungus was later reclassified to be P. destructans due to its different 

morphology from Geomyces and based on other sequencing and phylogenetic evidence (Blehert 

et al., 2009; Minnis and Linder, 2013). For a while, P. destructans was not confirmed to be the 

causative agent of White-nose Syndrome. In fact, P. destructans is not native to North America 

and is present in Europe. However, large-scale mortality has never been recorded in European bats 

(Johnson et al., 2014). P. destructans was finally found to be the cause of White-nose Syndrome 

in 2011-2012 by inoculating Little Brown Bats (Myotis lucifugus) with P. destructans (Reeder et 

al., 2012). This inoculation induced White-nose Syndrome and the fungus could be isolated from 

infected bats which are the necessary criteria for a primary pathogen (Reeder et al., 2012). P. 

destructans is part of the Ascomycota phylum (Vanderwolf et al., 2016). It is a saprophytic fungus 

that requires a host to survive. It persists on the walls and in the soil of caves which could explain 

the continuous infection (Farina and Lankton, 2018).  

White-nose Syndrome symptoms are associated with a decrease in fat reserves and a 

cascade of physiological responses that lead to mortality in bat populations (Verant et al., 2014). 

Early stages of the disease include the colonization of the wing membrane by the fungus causing  

apparent lesions on the epidermis. Infected bats undergo a significant increase in energy 
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consumption, along with respiratory acidosis and hyperkalemia (Verant et al., 2014). Respiratory 

acidosis results from the accumulation of high CO2 levels in the blood. This accumulation can be 

due to the bats trying to further decrease their metabolic rates (Verant et al., 2014). Hyperkalemia 

is defined  by high potassium levels in the blood. It was first though that the increase in electrolyte 

concentration in the blood (Potassium, Sodium and Chloride) was due to renal failure. However, 

histological examination found that there was no kidney damage (Warnecke et al., 2013). 

Hyperkalemia can be explained by ions from the cell leaking through the damaged tissues (Verant 

et al., 2014). In later stages of the infection, CO2 levels elevate beyond a tolerable threshold and 

hyperventilation is stimulated which causes arousal periods. The removal of excess CO2 from the 

blood is energetically costly which contributes to the faster depletion of fat reserves (Verant et al., 

2014). Increased hyperventilation and an increased body temperature during the arousal periods 

contribute to a greater evaporative water loss and electrolyte loss through the ulcerations causing 

dehydration and more frequent arousals (Verant et al., 2014; Warnecke et al., 2013). The 

worsening of the infection leads to other physiological disturbances such as hypoglycemia and 

hypocapnia (Verant et al., 2014). Mortality is the result of the exhaustion of all physiological 

compensatory mechanisms such as cellular buffering and metabolic regulation (Verant et al., 

2014).  

1.3 White-nose Syndrome and the emergence of infectious disease in Wildlife 

hypotheses  

The mass death that the bat population across North American underwent raises a very 

critical question about the origin of the New York outbreak in 2006. There are two major 

hypotheses that could explain the emergence of infectious disease in wildlife: the endemic 

pathogen hypothesis and the novel or invasive pathogen hypothesis (Warnecke et al., 2012). The 



12 
 

endemic pathogen hypothesis states that the pathogen has been present in wildlife before, but it 

recently increased its pathogenicity due to environmental changes or human intervention 

(Rachowicz et al., 2005). On the other hand, the novel pathogen hypothesis suggests that the 

pathogen or the newly evolved virulent variant, has spread out to a new geographic area where the 

hosts are more naïve and susceptible to being infected (Rachowicz et al., 2005). The endemic 

pathogen hypothesis was rejected when phylogenetic analysis failed to find a closely related 

species that Pseudogymnoascus could have evolved from in North America (Minnis and Linder). 

Phylogenetic evidence showed that Pseudogymnoascus evolved independently from closely 

related genera like Geomyces (Minnis and Linder, 2013). Accumulated research suggests that 

Pseudogymnoascus destructans is an exotic species that was introduced to North America (Minnis 

and Linder, 2013). In fact, P. destructans is widespread in different regions in Europe without an 

associated mass mortality (Puechmaille et al., 2011). In addition, two different mating types were 

found in Europe (Palmer et al., 2014). Consequently, it is possible that European bats have evolved 

to cohabitate with the fungus by incorporating the fungus into their skin’s flora (Wibbelt at al., 

2010). To confirm that the difference in the degree of pathogenicity between European and North 

American bats is not the cause of the different mortality rates across continents, North American 

bats were inoculated with the European isolate of P. destructans. North American bats displayed 

the same symptoms associated with White-nose Syndrome (Warnecke et al., 2012). Thus, White-

nose Syndrome associated P. destructans probably originated from Eastern Europe and was 

transferred to North America (Drees et al., 2017; Leopardi et al., 2015). It is important to note that 

P. destructans can also be found in China and Mongolia with no associated mass mortality (Hoyt 

et al., 2020). Further phylogenetic analysis and molecular dating have shown that the P. 
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destructans strains in North America and Europe have diverged from their ancestors and the Asian 

isolates about 3400 years ago (Drees et al., 2017).  

1.4 Resistance to White-nose Syndrome  

The differences between how European and North American bats react to P. destructans 

pose multiple questions about the resistance of bats to White-nose Syndrome. Research on Little 

Brown Bats (Myotis lucifugus) revealed that infected bats undergo an inflammatory response 

stimulated by the fungus (Moore et al., 2013). It was shown that anti- P. destructans antibodies 

play no role in immunity against White-nose Syndrome since studies on European bats 

demonstrated a low anti- P. destructans antibody level (Lilley et al., 2017). However, it was found 

that the infection triggers a local inflammatory response at the infection site (Lilley et al., 2017). 

Transcriptomic studies revealed that the infection induced the expression of an inflammatory 

cytokine compound that is associated with the immune response. Examination of gene expression 

of cytokines showed that the inflammatory cytokine is expressed in lymphatic nodes of infected 

bats as opposed to uninfected bats (Lilley et al., 2017). However, it is very difficult to fight the 

fungus with just these immune system mechanisms. Consequently, Pseudogymnoascus 

destructans proliferates and invades more of the cutaneous tissues in bats (Field et al., 2015). In 

this case, the classic host-immunity systems might not be efficient in fighting against White-nose 

Syndrome in North American bats. Therefore, microbe-derived treatment might be a better 

solution against White-nose Syndrome.  
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  1.5 Immunobiome and microbe-derived treatments  

Treatment with Probiotics may be an efficient solution for managing disease in wildlife. 

Unlike manufactured fungicides and chemicals, probiotics have the advantage of being able to 

potentially co-evolve with the pathogen, reducing the disease from within the natural microbiota 

of the host (Hoyt et al., 2015). The term immunobiome is defined as the interactions between the 

immune system of a host and the organisms that can live on or in that host (Horrocks et al., 2011). 

Immunobiome also includes the possibility of co-evolution between the host and associated 

microbes, to enhance the host’s current immune responses. The ability of the microbes to shape 

the host’s immune defenses is referred to as immubiotic pressure (Horrocks et al., 2011). In the 

wild, hosts interact with a variety of microbes that can be benign (commensals), beneficial, or 

harmful (pathogens) and provide the host with diverse immunobiotic pressures (Horrocks et al., 

2011). 

Microbial protection against pathogens is a result of metabolic secretions of compounds 

that can either weaken the defense mechanisms of the pathogen, slow its growth, or inhibit it 

completely. Microbes could also be strong competitors for nutrients, which leaves the pathogen 

with not enough resources to survive (Cheng et al., 2017; Cornelison et al., 2014a; Cornelison et 

al., 2014b; Hoyt et al., 2015; Micalizzi et al., 2017). For this reason, microbe-derived treatments 

may be a therapeutic solution for infectious diseases like White-nose Syndrome. 

The first treatment using antifungal volatile compounds against Pseudogymnoascus 

destructans was found in 2013 and was produced by soil bacteria (Cornelison et al., 2014a). This 

technique was based on isolated volatile compounds from Pseudomonas and Bacillus spp., and it 

demonstrated broad antifungal activity (Fernando et al., 2004). Six volatile organic compounds 

were screened including decanal, 2-ethyl-1-hexanol, nonanal, benzothiazole, benzaldehyde, and 
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N, N-dimethyloctylamine. These compounds reduced conidia growth and mycelial extension 

(Cornelison et al., 2014a). However, there are ecological issues that can affect both the host and 

the ecosystem if volatile compounds are introduced to an already fragile ecosystem (Kolwich, 

2019).  

Efforts were undertaken to isolate microbes from the ecosystem itself, either from the soil 

or from the microbiota of the bats (Kolwich, 2019). Trichoderma polysporum was isolated from a 

hibernaculum infected with White-nose Syndrome (Zhang at al., 2015). A study conducted by 

Zhang et al. (2015) was the first to isolate a microbe from the soil of the cave and grow it in a 

laboratory environment. This isolate was able to produce secondary metabolites to inhibit the 

growth of P. destructans, but the compounds were not identified (Zhang at al., 2015).  

In 2015, Hoyt et al. tried to isolate bacteria from the skin of different bat species in Eastern North 

America. The research identified another species of Pseudomonas that inhibits the growth of P. 

destructans. This group of bacteria can produce mycolysing enzymes that act on mycelia and 

conidia and inhibit the growth of P. destructans (Hoyt et al., 2015).  

Further research tested the effectiveness of one isolate Pseudomonas fluorescens 

(designated Pf1 strain) on infected captivate bats (Cheng et al., 2017). Uninfected bats were also 

exposed to the strain and no harm was observed (Cheng et al., 2017). Five characteristics (called 

metrics) were measured to identify the severity of the disease. These include the surface area of 

the wing covered by P. destructans and number of tissue lesions. The bats were divided into 

different groups based on various treatments which included simultaneous application of Pf1 and 

P. destructans, pre-expose to Pf1, P. destructans control and Pf1 control. Results showed that the 

severity of the disease is highly reduced when the bats were inoculated with Pf1and P. destructans 

simultaneously. Bats in the Pf1 pre-exposure and the P. destructans control treatments suffered 
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severe metrics (Cheng et al., 2017). Consequently, at the presence of P. destructans, Pseudomonas 

fluorescens reduced the mortality rate of bats infected with White-nose Syndrome. The effect of 

the isolate on P. destructans relies heavily on the treatment mechanism. Simultaneous disease 

exposure and Pf1 treatment prevented the colonization of the pathogen (Cheng et al., 2017).  

In conclusion, microbe-derived treatment has the potential to be effective in fighting 

infectious-based disease like White-nose Syndrome. Other treatments like relying on the immune 

system’s antibodies and Volatile Organic Compounds may not be very effective (Cornelison et al., 

2014a). Consequently, it is very important to explore the immunobiome concept and the 

microorganisms living with the host in the same ecosystem. This technique is beneficial because 

it reduces disturbance of the host and its environment, and it helps create a more diversified 

microbiota (Kolwich, 2019).  

 1.6 Objectives 

The objective of this study is to find a microbe-derived treatment from a cave isolate to help inhibit 

the growth of P. destructans, the cause of White-nose Syndrome in North American bats. This 

study focuses on three main questions: 1) What is S5 (the isolate)?, 2) What is the inhibitory effect 

of S5 on P. destructans? And 3) How does S5 inhibit the growth of P. destructans? The isolate 

(S5) in an unknown fungus belonging to Penicillium spp. that was isolated from  a soil sample in 

Gatineau, Quebec by Dr. Myron Smith’s lab at Carleton University (Micalizzi et al., 2017). 

Through DNA extraction, PCR and sequencing this paper aims to identify to which species S5 

belongs to. This research also aims to characterize the growth of S5 by creating a growth and 

calibration curve. To answer the second question, the inhibition will be visualized through pairwise 

testing plates where each pure strain (S5 and P. destructans) will be put on each side of the well 

and grown together. For the third question, this study aims to address two main scenarios. The first 
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scenario is that inhibition is due to resource competition, meaning that S5 is a better competitive 

resulting in exhausting all the available resources and thus inhibiting the growth of P. destructans. 

The second scenario is that the inhibition is due to interference competition where S5 secretes 

secondary metabolites to inhibit the growth of P. destructans. If this is the case, the paper aims to 

identify some of the compound’s properties using quadrupole time-of-flight (QTOF) Mass 

Spectrometry (including retention time and mass-to-charge ratio). The complete workflow is 

included below (Figure 1). 

Figure 1: Work Flowchart including the objectives and various experiments performed under every 

objective. This project is trying to answer three main questions: 1) What is S5, 2) What is the 

inhibitory effect of S5 on P. destructans and 3) How does S5 inhibit the growth of P. destructans.  
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2. Methods and Materials  

The experimental work was performed in a Containment Level 2 Laboratory according to the 

Canadian Biosafety Standards and Guidelines. Lab work containing living organisms was 

predominantly executed in an ESCO Class II, Type A2 biological safety cabinet (BSC). All waste 

was disposed of in a sealed biohazard container for subsequent sterile cycling and disposal. The 

standard operating procedures for autoclaving, the use of the biological safety cabinet, 

decontamination and waste disposal are outlined in the Saint Mary’s University Biosafety Manual. 

Media and non-sterile items (glass media bottles, glassware, micropipettes, etc.)  as well as any 

item that was introduced into the BS cabinet environment, were sterilized using a Gentinge SL5000 

autoclave. The autoclave cycle was a 30-minute liquid cycle, with a minimum temperature of 

121°C and a pressure of 15 psi. Before putting the items in the BSC, all items were surface 

sterilized with a solution of 70% v/v ethanol.  

2.1 Fungi Acquisition  

The S5 fungus was originally extracted from soil, specifically from a rock outcropping in 

Gatineau, Quebec. The unknown S5 microbe was isolated by Dr. Myron Smith’s Lab at Carleton 

University (Ottawa, Ontario) (Micalizzi et al., 2017). P. destructans (strain US-15) was originally 

obtained from Agriculture and Agrifood Culture Collection, Ottawa, Ontario. S5 and P. 

destructans were cultured and sent to us from the Smith research group on BD DifcoTM Potato 

Dextrose Agar plates. The preliminary work on the different isolates obtained from the Smith 

group was done by Jennifer Kolwich as part of her Honours Thesis in Chemistry (Kolwich, 2019). 

The cultures of  P. destructans were primarily cultivated in a Danby Refrigerator (Model: 

DCR059WE; 48L capacity) attached to an Inkbird Thermostat Controller (Model: ITC-308). The 

refrigerator was kept at 14.0±1.0 °C. S5 cultures were grown in the lab cupboard at room 
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temperature (22-25 °C). The first S5 cultures were inoculated from a 50% glycerol stock stored at 

a Z-SCI Twincore ultra-low temperature freezer kept at -80 °C.  

2.2 Media Used 

Yeast Malt Broth and Yeast Malt Agar were used to cultivate S5 and P. destructans 

throughout this project. The Yeast Malt Broth (YMB) was composed of 5.0g peptone, 3.0g yeast 

extract, 3.0g malt extract and 10.0g dextrose dissolved in 1000mL of deionized water (dH2O) (pH: 

6.2 ±0.2) All reagents were obtained from VWR International (Radnor, Pennsylvania, USA). The 

Yeast Malt Agar (YMA) contained the same components as YMB with an addition of 20g EMD 

Millipore Agar Powder per litre (pH: 6.2 ±0.2).  

2.3 Identification of S5: DNA extraction, PCR and DNA sequencing  

The DNA extraction protocol used in this thesis was a modified version of the Promega 

procedure (Promega, 2021) and the protocol outlined by Micalizzi et al. (2017). S5 was streaked 

on a YMA plate and grown at room temperature (22 °C). After 4 days of growth, one colony was 

selected and placed inside a small microcentrifuge tube (0.2 mL) using a micropipette. 25 µL of 

70% ethanol and approximately 25 µL of 0.5 mm Glass beads from BioSpec (or the tip of a micro 

spatula) were added into the microcentrifuge. The mixture was then vortexed using a Fisher STD 

Vortex mixer 120 V (Speed: 9) for 1 to 3 minutes. The 16S region was amplified using the IDT 

16S rRNA Forward primer (5’ - AGA GTT TGA TCC TGG CTC AG – 3’) and the IDT 16S rRNA 

Reverse primer (5’ - ACG GCT ACC TTG TTA CGA CTT – 3’). The Internal Transcribed Spacer 

(ITS) region characteristic of filamentous fungi was amplified using IDT ITS1 (5’ - TCC GTA 

GGT GAA CCT GCG G – 3’), IDT ITS2 (5’ - GCT GCG TTC TTC ATC GAT GC – 3’), IDT 

ITS3 (5’ - GCA TCG ATG AAG AAC GCA GC – 3’) and IDT ITS4 (5’ - TCC TCC GCT TAT 
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TGSA TAT GC – 3’) (Figure 2). The primers were diluted to 20 µM from a 100 µM stock solution. 

Standard PCR reactions were 50 µL and contained 19 µL Nuclease-free Water, 25 µL Promega 

GoTaq® Green Master Mix (which has Taq DNA polymerase, dNTPs, MgCl2 and reaction 

buffers), 2 µL forward primer, 2 µL reverse primer and 2 µL DNA template (from the colony 

extraction) (Promega, 2021). The negative controls included all components without the DNA 

template. The positive controls included the DNA template from the S5 colony and the ITS1 and 

ITS4 primers (Figure 2). Products were amplified using the BIO-RAD C1000 TouchTM 

Thermocycler with a 5 minutes denaturation at 94 °C followed by: 25 cycles each with 

denaturation for 30 s at 94 °C, annealing for 30 s at 56 °C and extension for 30 s at 72 °C. The 

product was preserved at 12 °C (Micalizzi et al., 2017). For the 16S primers the annealing 

temperature was increased to 60 °C to improve primer specificity (Micalizzi et al., 2017). The 

bands were visualized on a 1.5% Ethidium Bromide agarose gel made with 0.5x TBE and 5-6 µL 

ethidium bromide. The BIO-RAD Gel DocTM XRT Imaging System was used to visualize the 

bands. When there was no smearing of the bands, the PCR products were sent to Genome Quebec 

(Montreal, QC) for Sanger sequencing (using an Applied Biosystems 3730xl DNA Analyzer) 

(https://cesgq.com/en-services#en-sequencing).  

Figure 2: The ITS region of filamentous fungi, including the ITS1, ITS2, ITS3 and ITS4 primers 

in their approximate positions (Porras-Alfaro et al., 2014).  

 

https://cesgq.com/en-services#en-sequencing
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2.4 Quantification of P. destructans: Dry mass vs Absorbance 

The quantification method used was originally outlined in Jennifer Kolwich’s Master’s 

Thesis (Kolwich, 2021). Three liquid stocks were made by mixing 5 mL of a seven-day culture 

with 45 mL of YMB. The stocks were grown for seven more days. A 35mL dilution series was 

prepared containing 0, 5, 10, 20, 40, 60, 80, and 100% stocks of fresh YMB. To measure the 

absorbance of the culture at 630 nm, a BIOCHROM NovaSpec Plus Visible Spectrophotometer 

and a quartz cuvette (10 mm path length) were used and compared to fresh YMB as a blank. Each 

sample was measured ten times. To record the dry mass associated with each dilution, a sample of 

10 mL was collected on a pre-dried (in a desiccator), pre-weighed filter paper (Whatman No1) by 

vacuum filtration. The mycelia and the filter paper were rinsed with deionized water and placed to 

dry in a desiccator for 24 h). The filter paper was subsequently weighed. The mean absorbance 

data was plotted against the dry mass for each sample.  

2.5 Quantification of S5: Dry mass vs Absorbance 

Forty 15 mL disposable, sterile tubes were inoculated with 100 µL of an S5 culture in 10 

mL of fresh YMB. Measurements were taken each day for a total of 10 days. Each absorbance 

sample and three dry mass samples were measured. To measure the absorbance, the 10 mL culture 

was poured into a tissue grinder (homogenizer) (Granade et al., 1985) and ground for 1 to 2 

minutes. The absorbance at 630 nm was then measured in a quartz cuvette (10 mm pathlength) 

using a BIOCHROM NovaSpec Plus Visible Spectrophotometer. Each sample was quantified 10 

times to account for the deviation. S5 fungal mass was calculated by weighing the 15 mL tube 

before the YMB and culture was added and after the YMB was discarded using a micropipette 

while the fungal mass was at the bottom. As for P. destructans the absorbance data was plotted 

against dry mass.  
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2.6 Pairwise testing of S5 and P. destructans 

A 12-well plate was made using 2-

4 mL of fresh YMA in each well. The wells 

were inoculated with 20 µL of a P. 

destructans culture on one side and 20 µL 

of a S5 culture on the other (outlined in 

figure 3, third row). The plates were 

incubated in the refrigerator at 14 ᵒC for 14 

days. For subsequent analysis and colony 

comparison, 50 µL of pure P. destructans 

and pure S5 strains were inoculated in 

separate 12-well plates (outlined in figure 3, first and second row) and incubated at 14 °C for 14 

days. The number of plates used depended on the experiment. 24-well plates were also used to 

serve the same purpose.  

2.7 Spent Media testing of S5 

This assay was made to assess whether the inhibition was cause by interference competition 

where a microbe (S5) secretes inhibitory metabolites that affect P. destructans or by resource 

competition where the microbe (S5) deprives P. destructans from shared resources. 300 µL of S5 

was grown in 300 mL of YMB for three weeks at room temperature (varying between 22 and 25 

°C) (Method outlined in figure 4). After, the media was filtered through a 0.22 µm nylon filter top 

into a presterilized bottle. The cell-free extract (or the spent media) was preserved in the fridge at 

5 °C.  10% and 20% (v/v) spent media YMA was created by mixing 10 mL and 20 mL of spent 

media with 90% and 80% (v/v) YMA consecutively. This media was used to pour 12-well plates. 

Figure 3: Layout of the 12-well plates. The pure 

strains and the pairwise tests were made in separate 

12-well plates but were outline in this figure in the 

same plate. 
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10% and 20% spent media YMB media was also made using the same principle. The 12-well 

plates were inoculated with 50 µL P. destructans. The 100 mL of the liquid media were inoculated 

with 100 µL of P. destructans. Both plates and liquid media were incubated at 14 °C for three 

weeks. 

Figure 4:  Flow chart for the spent media testing experiment. This experiment was used to test if 

S5 inhibited P. destructans through resource competition. The experiment involved using S5 cell-

free extract (spent media) to make agar-baased media that was subsequently inoculated with P. 

destructans.  

2.8 Metabolic extraction from agar plates 

The pairwise test plates described in section 2.6 along with the pure P. destructans and S5 

12-well plates were extracted using a 2:1:1 ratio of methanol, ethyl acetate and chloroform mixture 

(Method outlined in figure 5). The discs of the 12-well plates were 2 cm in diameter and contained 

2-4 mL of YMA along with either P. destructans, S5, or both S5 and P. destructans and were 

removed from the plate and submerged with the 2:1:1 mixture for two hours in an Erlenmeyer 

sealed with tin foil. This mixture was chosen for a maximal compound extraction. Based on the 

“like likes like” principle, compounds can be extracted using the solvent that most is similar to 

them. Methanol is a polar protic solvent while chloroform is non-polar and ethyl acetate is polar 

aprotic. The most obvious difference between polar protic and polar aprotic solvents is the ability 
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to form hydrogen bonds (Huffman et al., 2012). After two hours, the mixture was filtered through 

a filter paper (Whatman No 1) by vacuum filtration. The soaking and filtration procedure was 

performed two more times. The resultant mixture was poured into a pre-weighed round bottom 

flask. The solvents were evaporated off by rotary evaporation using the appropriate pressure for 

each solvent. The extracted solids were weighed and redissolved in methanol at a concentration of 

25mg/mL. The extracts were passed through a 0.22 µm filter and stored in a scintillation vial in 

the freezer. Blank agar plates were also extracted using the same outlined protocol. This extract 

was treated as the control (or the background signals) in subsequent analysis.  

Figure 5: Flow chart for the metabolic extraction experiment from a S5 12-well plate. The plates 

were extracted using solvents with different polarities. The metabolic extract was used to make 

agar-based media and for subsequent qualitative analysis.  

2.9 Metabolic extract testing 

Similar to the spent media testing, twelve well plates were made from YMA adding with 

10% (v/v) S5 extract, S5 and P. destructans extract or 20% (v/v) of the S5 and P. destructans 

extract. The plates were incubated at 14 °C for three weeks.  
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2.10 Thin Film Layer Testing  

The metabolic extract protocol outlined in section 2.8 was redone using S5 12-well plates 

extracted with either Acetonitrile (ACN) or Chloroform (CHCl3). The metabolic extract was 

redissolved in its original solvent (either ACN or CHCl3) to a final concentration of 25 mg/mL. 

100 µL of each extract was placed on each agar well (from a 12-well plate). After all the solvent 

had evaporated from the 12-well plate, making a thin film, 10 µL of P. destructans was inoculated. 

The plates were incubated for two weeks at 14 °C. Using the same thin film principle, 100 µL pure 

ACN and CHCl3 was pipetted into each agar well of a 12-well plate (used as a control). After the 

solvent had evaporated, 10 µL of P. destructans was inoculated on top of the thin film. The plates 

were also incubated at 14 °C for two weeks. These plates served as positive controls.  

2.11 Extract Analysis 

A mass spectrometer is an instrument that measures the mass-to-charge ratio of ions (Ferrer 

and Thurman, 2003). It ionizes the sample and separates the ion using either an electric or a 

magnetic field. A quadrupole mass spectrometer is a type of mass spectrometer that utilises a 

quadrupole filter system to separate ions based on their mass-to-charge ratio (Ferrer and Thurman, 

2003). An alternating electric potential passes through four rods arranged in a square configuration. 

Ions that pass through the electric field are filtered based on their mass-to-charge ratio. Only ions 

with a mass-to-charge ratio that fits within the pre-set range (parameter) can pass through the 

quadrupole and reach the detector. A time-of-flight (TOF) mass spectrometer is a type of mass 

spectrometer that measures the time taken by the ion to travel a certain distance (Ferrer and 

Thurman, 2003). The sample is ionized and then the ions are accelerated to a higher velocity using 

an electric field. The ions are allowed to travel through a drift region and are detected at the end. 

The time it takes for the ion to reach the detector is measured and used to calculate the mass-to-
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charge ratio of the ions. A quadrupole time-of-flight mass spectrometer (QTOF MS) is a hybrid 

instrument that combines the capabilities of a quadrupole mass spectrometer and a time-of-flight 

mass spectrometer (Ferrer and Thurman, 2003) (Figure 6). It first filters ions of a pre-set mass-to-

charge ratio range using a quadrupole mass filter, and then measures the different times the ions 

take to travel a certain distance using a time-of-flight detector (Ferrer and Thurman, 2003). 

High Resolution mass spectrometry (HRMS) was used to determine the different masses 

of the compounds present in the metabolic extracts (section 2.8 and the ones used in section 2.10) 

and the spent media samples (section 2.7) following the protocol outlined in Jennifer Kolwich’s 

Master’s in Applied Science thesis (Kolwich, 2021). The fungal extracts were dissolved in HPLC 

(High-performance Liquid Chromatography) grade methanol (Fisher Scientific International, 

Hampton, New Hampshire, United States) for the analysis with a concentration of 1mg/mL. Spent 

Media samples were diluted in HPLC grade water (250 µL of spent media in 750 µL of water). 

Blank agar plates were used as controls to account for the background noise due to the media. 

Extracts were analysed using an Agilent 1260 Infinity II HPLC equipped with an Agilent 6530 

quadrupole time-of-flight (QTOF) mass spectrometer. Extracts were pipetted into 1.8 mL LC vials. 

1.5 µL of each sample was injected through a Poroshell 120EC C18 (3 x 150mm, 2.7 um) column 

at 30ᵒC. The solvents used for the analysis were labeled A through D. All the solvents used were 

HPLC grade. Solvent A consisted of water with 0.1% formic acid. Solvent B was 95% acetonitrile 

in water with 0.1% formic acid. A and B constituted the gradient mobile phase system. Solvents 

C and D were water and acetonitrile respectively and were used for the cleaning protocol. The 

sample was eluted through the column at a flow rate of 0.5mL/min following a linear increase 

from 20% to 35% of solvent B over 5 minutes, an increase from 35% to 75% of solvent B over 20 

minutes and an increase from 75% to 100% of solvent B over 2 minutes. Afterwards, solvent B 

https://www.google.com/search?sxsrf=APwXEdcvixwLh1HLuNIBfS_0Ii90sRYLjQ:1679864843022&q=Hampton,+New+Hampshire&si=AMnBZoEofOODruSEFWFjdccePwMH96ZlZt3bOiKSR9t4pqlu2GPITw_Bn1nZs1AFjJwTmZqX4jYnt5V6z4wU3nScl6hZP2rwZxYQdBrdV1rOh3os1SjOX5mhjUE2hhTnmIY2FrWZWNFmTXG161TSwBzYeWv4spIV0v1c0ce-KvxhG25vDTUp5-z2KQesGty8yntkvdM0IvlfEZTBkmtgCfQR-aDbpq9vdQ%3D%3D&sa=X&sqi=2&ved=2ahUKEwjhrfSZwPr9AhVHEFkFHRwhDeoQmxMoAXoECFkQAw
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was administered at 100% for another 10 minutes. The QTOF parameters were set to positive 

electrospray ionisation (+ESI) mode, Gas Temp: 350 ᵒC, Drying Gas: 12 L/min, Nebuliser 60 psi, 

VCap: 3000V. The Mass spectrometer parameter were set to 100-1700 m/z (Low mass range), 

Collision energy: 42 V, Fragmentor: 175 V, Skimmer: 65 V and Oct 1 RF Vpp: 750 V. The data 

collected was a Total Ion Chromatogram (TIC).  

Figure 6: A simplified diagram of a Quadrupole time-of-flight (QTOF) Mass Spectrometery (Cho 

et al., 2015). It was used to analyse different S5 metabolic extracts.  

3. Results  

3.1 PCR, DNA sequencing, and Database interrogation using Basic Local Alignment 

Search Tool (BLAST®) 

Regions of the Internal Transcribed Spacer (ITS) region and 16S ribosomal rRNA (16S) 

were amplified  to allow for species identification of S5. The first PCR run shown in figure 7 (lanes 

1-4) was dedicated to the amplification of the 16S region, characteristic of bacteria. Lanes 1 and 3 

acted as a negative control to verify that the primers and the PCR mixes are not contaminated. 

Lanes 2 and 4 contained the DNA extracted from an S5 colony and amplified through the 16S 

forward and reverse primers. No DNA band was observed in lanes 2 and 4 which suggested that 
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the 16S region was not present in S5. The second set of PCR samples was amplified using the 

Internal Transcribed Spacer (ITS) region. The bands in lanes 5 and 7 were at about 500 – 600 bp 

in length (Figure 7). This observation suggested that the ITS region was present in S5. However, 

the DNA bands from the ITS1/ITS4 primers were smeared implying that the thermocycler run was 

not optimal. Figure 8 shows the same PCR set with an optimized thermocycler procedure. The 

bands were clearer, and the product was between 500 and 600 bps in length. These samples were 

deemed suitable for Sanger Sequencing. To further identify S5, more PCR amplifications were 

run. In figure 9, lanes 4 and 7 were the DNA samples amplified with ITS1/ITS2. The bands seemed 

to fall within the range of 200 to 300 bps in length. Lanes 5 and 8 were the DNA samples amplified 

with the ITS3/ITS4 primer set. The bands were between 300-400 bps in length. Figure 10 was an 

optimized version of the samples in figure 9. Lanes 2 through 4 showed the same results obtained 

in figure 9 (lanes 3,4 and 5). However, the bands were clearer, and the samples were fit to be sent 

for Sanger Sequencing.  

 

 

 

 

 

 

 

 

 

Figure 7: Product of PCR of S5 DNA amplified with ITS1/ITS4 and 16S primers viewed on a 

1.5% agarose gel with a 1kb DNA ladder. Lanes 1 and 3 contain negative controls for the 16S 

forward and reverse  primers; lanes 2 and 4 contain 16S forward and reverse primers + DNA; lanes 

5 and 7 contain negative controls for the ITS1/ITS4 primers; lanes 6 and 8 contain ITS1/ITS4 

primers + DNA.  
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Figure 8: Product of PCR of S5 DNA amplified with ITS1/ITS4 with an optimized procedure 

viewed on a 1.5% agarose gel with a 1kb DNA ladder. Lanes 1 and 3 are the negative controls for 

the 1 the ITS1/ITS4 primers; lanes 2 and 4 contain the ITS1/ITS4 primers + DNA.  

 

 

 

 

 

 

 

 

 

Figure 9: Product of PCR of S5 DNA amplified with ITS region primers viewed on a 1.5% agarose 

gel with a 1kb DNA ladder. Lane 1 contains the negative control for the ITS1/ITS2 primers; lane 

2 contains the negative control for the ITS3/ITS4 primers; lanes 3 and 6 contain ITS1/ITS4 primers 

+ DNA; lanes 4 and 7 contain ITS1/ITS2 primers + DNA; lanes 5 and 8 contain ITS3/ITS4 primers 

+ DNA. 
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Figure 10: Product of PCR of S5 DNA amplified with ITS region with an optimized procedure 

viewed on a 1.5% agarose gel with a 1kb DNA ladder. Lane 1 contains a positive control with 

ITS1/ITS4 + DNA; lanes 2 and 3 contain ITS1/ITS2 primers + DNA; lane 4 contains ITS3/ITS4 

primers + DNA.   

 

The chromatograms obtained from Genome Quebec outlined the length and sequence of the PCR 

samples (Table 1). Figures 5 to 8 showed the first 19 to 20 hits of the samples sequenced using 

ITS1, ITS2, ITS3 and ITS4 as sequencing primers. For the samples sequenced through ITS1, the 

very first hit was 100% Penicillium herquei while the rest was ranging between 98.57% and 

99.42% Penicillium herquei (Figure 11). The sample sequenced with ITS2 showed a match of a 

100% Penicillium herquei (Figure 12). The samples sequenced with ITS3, showed a match of 

98.57% to Penicillium herquei while the rest ranged between 97.91% to 97.45% (Figure 13). 

Finally, the samples sequenced with ITS4 showed a match of 100% to Penicillium herquei (Figure 

14). 
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Table 1: The primers used for the Sanger Sequencing of S5 samples sequenced using different 

primers , the length and the sequence of the fragments. Results were obtained through the Genome 

Quebec portal (Nanuq) 

Primer  Length  Sequence of the S5 sample 

ITS1 552 tgcggaggatcattactgagtgagggccctctgggtNN 

Ncctcccacccgtgtttattgtaccttgttgcttcggcaggcccgcctcacggccgccgg 

ggggcttctcgcccccgggcccgcgcctgccggagacacctttgaacgctgtctgaagtt 

tgcagtctgagcgattagctaaattagttaaaactttcaacaacggatctcttggttccg 

gcatcgatgaagaacgcagcgaaatgcgataattaatgtgaattgcagaattcagtgaat 

catcgagtctttgaacgcacattgcgccccctggtattccggggggcatgcctgtccgag 

cgtcattgctgccctcaagcccggcttgtgtgttgggcctcgtcccccttccgggggacg 

ggcccgaaaggcagcggcggcaccgtgtccggtcctcgagcgtatggggctttgtcaccc 

gctctgtaggcccggccggcgccttagccgacgacacaacttttttttcaggttgacctc 

ggatcaggtagggatacccgctgaacttaagcatatcNNNNNNNNNgagga 

 

ITS2 187 tNNNNNNNtcgctcagactgcaaacttcagaca 

gcgttcaaaggtgtctccggcaggcgcgggcccgggggcgagaagccc 

cccggcggccgt gaggcgggcctgccgaagcaacaaggtacaataaacacgggtgggaggtt 

ggacccagagggccctcactcagtaatgatccttccgcaggttcacctacgga 

ITS3 268 tcNNtNaNNNcgagtctttgaacNNNattgcgccccctg 

gtattccggggggcatgcctgtccgagcgtcattgctgccctcaagcccggcttgtgtgt 

tgggcctcgtcccccttccgggggacgggcccgaaaggcagcggcggcaccgtgtccggt 

cctcgagcgtatggggctttgtcacccgctctgtaggcccggccggcgccttagccgacg 

acacaacttttttttcaggttgacctcggatcaggtagggatacccgctgaacttaagca 

tatcaataagcggagg 

ITS4 545 acctgaaaaaagttgtgtcgtcggctaaggcgccgg 

ccgggcctacagagcgggtgacaaagccccatacgctcgaggaccggacacggtgccgcc 

gctgcctttcgggcccgtcccccggaagggggacgaggcccaacacacaagccgggcttg 

agggcagcaatgacgctcggacaggcatgccccccggaataccagggggcgcaatgtgcg 

ttcaaagactcgatgattcactgaattctgcaattcacattaattatcgcatttcgctgc 

gttcttcatcgatgccggaaccaagagatccgttgttgaaagttttaactaatttagcta 

atcgctcagactgcaaacttcagacagcgttcaaaggtgtctccggcaggcgcgggcccg 

ggggcgagaagccccccggcggccgtgaggcgggcctgccgaagcaacaaggtacaataa 

acacgggtgggaggttggacccagagggccctcactcagtaatgatccttccgcaggttc 

acctacggaaaccttgttacgacttttacttcctctaNNNgaccaag 
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Figure 11: The results of a BLAST® (Basic Local Alignment Search Tool) search of the segment 

from S5 amplified by the ITS1 primer. The sequence was outlined in Table 1 and was obtained 

after Sanger Sequencing from Genome Quebec.  

Figure 12: The results of a BLAST® (Basic Local Alignment Search Tool) search of the segment 

from S5 amplified by the ITS2  primer. The sequence was outlined in Table 1 and was obtained 

after Sanger Sequencing from Genome Quebec.  
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Figure 13: The results of a BLAST®  (Basic Local Alignment Search Tool) search of the segment 

from S5 amplified by the ITS3 primer. The sequence was outlined in Table 1 and was obtained 

after Sanger Sequencing from Genome Quebec.  

 

Figure 14: The results of a BLAST® (Basic Local Alignment Search Tool) search of the segment 

from S5 amplified by the ITS4 primer. The sequence was outlined in Table 1 and was obtained 

after Sanger Sequencing from Genome Quebec.  

 

 



34 
 

3.2 Quantification of S5: growth rate and calibration curve  

Absorbance and dry mass measurements were recorded for 10 liquid cultures during 10 

consecutive days. The goal of this experiment was to create a growth curve and a calibration curve 

to monitor the growth phases of S5. Figure 15 shows the growth curve of S5 measured over the 

span of 10 days. This graph enabled the tracking of the growth behaviour of S5. Between day 0 

and 1, the growth was at it’s minimal. In day 1 to day 4, the growth rate accelerated slightly. This 

acceleration w as represented by a slightly steeper curve. Between days 4 and 6, the growth rate 

was at its maximal, which was represents with a steeper curve. Starting from day 6 to day 7, the 

growth rate decelerated. Finally, between days 8 and 9, the growth rate plateaued. Figure 16 

represents the calibration curve obtained by measuring the absorbance and the dry mass of S5 

liquid cultures. The graph represents a positive linear correlation between the absorbance and the 

dry mass.  

Figure 15: Growth curve to determine the log phase time span for S5. The absorbance was 

measured at 630 nm from liquid cultures during 10 consecutive days. The measurements were 

done in triplicates and the cultures were grown in tubes in YMB media. The error bars represent 

the standard deviation and dots represent mean absorbances (taken from triplicates for each day). 

The log phase for S5 was between days 4 and 6.  
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Figure 16: Calibration curve of S5 fungal mass versus absorbance at 630 nm. The dry mass was 

measured in triplicates. The trend was linear with an equation of y = 7.0277x – 0.0649 and R2 = 

0.8892. The error bars represent the standard deviation and dots represent the mean values.  

3.3 Pairwise testing of S5 and P. destructans 

Pairwise testing enabled the visualization of the inhibition of P. destructans by S5. Figure 

17 showed the regular growth pattern of S5. It grew as a beige lawn on agar plates. Figure 18 

shows the different growth patterns of P. destructans. It had different growth patterns depending 

on the environmental and weather changes (humidity for example). A pairwise test plate is set up 

by placing two pure cultures on each side of an agar well. The plates were grown for two weeks. 

Figure 19 is an example of a pairwise testing plate. S5, on the right side, did not grow as much as 

it did in figure 17. However, there was no P. destructans growth on the plate which indicated 

inhibition.   
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Figure 17: Growth pattern of S5 on solid Yeast Malt Agar (YMA) media made in 12-well plates 

that were 4mL deep and 2cm in diameter. 100 µL of S5 was inoculated from a 4-day liquid culture.  

 

 

 

 

 

 

Figure 18: Growth pattern of P. destructans on solid Yeast Malt Agar (YMA) media made in either 

12-well plates (A) or 60 mm x 15 mm Petri Dishes (B). The inoculations were made in different 

days. 100 µL of P. destructans was inoculated from a 7-day liquid culture for both the 12-well 

plates and the Petri Dishes.  

 

 

 

 

 

 

 

 

Figure 19: Test for pairwise inhibition between S5 (inoculated on the right side of the plate) and 

P. destructans (inoculated on the left side of the plate). Both pure cultures were inoculated on each 

side of a well in a 12-well plate. The media used was Yeast Malt Agar (YMA) media.  
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3.4 Spent Media testing 

Spent Media testing was a way to address the hypothesis that S5 and P. destructans were 

in resource competition meaning that the inhibition occurs because S5 is a better competitor. 

Varying volumes (either 10 or 20% v/v) of an S5 cell-free extract was used to make Yeast Malt 

Broth (Figure 20) and Yeast Malt Agar plates (Figure 21). Subsequently, P. destructans was grown 

in the different media. Yeast Malt Broth in Figure 20 A was the only one not containing P. 

destructans growth. Figures  20 B and 21 (A and B) contained minimal to moderate P. destructans 

growth compared to the positive controls of P. destructans grown on regular agar-based and liquid 

media. This test showed that the presence of S5 is not necessary for the inhibition of P. destructans 

(Figure 20A).  

 

 

 

 

 

 

 

Figure 20: Fresh Yeast Malt Broth (YMB) supplemented with 10% v/v S5 cell-free extract (or 

spent media, A) or 20% v/v S5 cell-free extract (B) and inoculated with 100 µL of P. destructans. 
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Figure 21: Fresh Yeast Malt Agar (YMA) supplemented with 10% v/v S5 cell-free extract (A) or 

20% v/v S5 cell-free extract (B) and inoculated with 20 µL of P. destructans. 

 

3.5 Metabolic extraction testing 

Metabolic extraction testing was a way to address the hypothesis that S5 might have been 

secreting a secondary metabolite to inhibit the growth of P. destructans. Metabolic extracts from 

S5 12-well plates and S5 and P. destructans 12-well plates were extracted with a 2:1:1 ratio of 

methanol, chloroform and ethyl acetate. The extracts were used to make agar-based media which 

was inoculated with P. destructans. Figures 22 and 23 show the different metabolic extracts used 

in different ratios. P. destructans did not grow on any of the plates, suggesting that S5 did not have 

to be present for the inhibition to occur. S5 might be secreting a secondary metabolite that is 

contributing to the inhibition.  
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Figure 22: Fresh Yeast Malt Agar (YMA) supplemented with 10% v/v S5 metabolic extract (using 

2:1:1 ratio of methanol, chloroform, and ethyl acetate) and inoculated with 20 µL of P. destructans. 

No growth was present on the plate.  

 

 

 

 

 

 

 

Figure 23: Fresh Yeast Malt Agar (YMA) supplemented with 10% v/v (A) and 20% v/v (B) S5 

and P. destructans metabolic extract using 2:1:1 ratio of methanol, chloroform, and ethyl acetate, 

inoculated with 20 µL of P. destructans. No growth was present on the plates.  

 3.6 Thin film testing 

 Figure 24 shows a thin film test of an S5 extract with chloroform. P. destructans did grow 

on the chloroform thin film indicating (Figure 24 A) that chloroform had no inhibition effect. 

However, P. destructans did not grow when S5 extract from chloroform was applied (Figure 24 

B). Figure 25 showed the same pattern. When the acetonitrile thin film was applied on agar, P. 

A B 
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destructans grew. When the S5 metabolic extract using acetonitrile was applied, there was no p. 

destructans growth.  

 

  

 

 

 

 

Figure 24: Two 12-well plates made of Yeast Malt Agar (YMA) media and inoculated with 10 µL  

of P. destructans. Plate A) P. destructans grown on YMA with an evaporated thin film of 100 µL 

of pure chloroform (CHCl3) acting as a control. Plate B) P. destructans grown on evaporated thin 

film created using 100 µL S5 plates extracted with chloroform (CHCl3) 

 

 

 

 

 

 

Figure 25: Two 12-well plates made of Yeast Malt Agar (YMA) media and inoculated with 10 µL  

of P. destructans. Plate A) P. destructans grown on YMA with an evaporated thin film of 100 µL 

of pure acetonitrile (ACN) acting as a control. Plate B) P. destructans grown on evaporated thin 

film created using 100 µL S5 plates extracted with acetonitrile (ACN) 

3.7 Qualitative analysis of the S5 metabolic extracts 

Figure 26 shows the chromatograms of the cell-free extracts (or spent media samples) from 

S5 alone, S5 and P. destructans co-cultures, and P. destructans alone. No peak patterns were 

observed during this experiment. All chromatograms didn’t have any peaks in common but had 

several peaks dispersed throughout the chromatogram. In figures 27 and 28, the background 

chromatograms were subtracted to display the chromatogram without the background signals. 

A B 

A B 
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Figure 27 showed the different chromatograms for the different samples. In the first Total Ion 

Chromatogram (TIC) for the acetonitrile extract, the highest peak had an average retention time of 

12.516 minutes (Figure 27). The peak started at 12.388 min and ended at 12.766 min (Sample 

Chromatograms, Appendix 1). This peak also corresponded to a base peak of 327.0865 m/z (Figure 

28) which was 100% abundant (Sample Spectra, Appendix 1). The second TIC is an analysis of 

the chloroform extract (Figure 27). In this TIC, the highest peak had an average retention time of 

12.570 minutes (Figure 27). The peak started at 12.408 min and ended at 12.969 min (Sample 

Chromatograms, Appendix 2). In the sample spectra outlined in figure 28, the most abundant base 

peak (Sample Spectra, Appendix 2) was 327.0867 m/z (Figure 28). Another region on interest had 

an average retention time of 13.151 min (Figure 27). The peak started at 13.063 min and ended at 

13.282 min (Sample Chromatograms, Appendix 2). Based on the spectrum in figure 28, the most 

abundant base peak (100%) has a mass-to-charge ratio of 327.0865 m/z (Sample Spectra, 

Appendix 2; Figure 28). The third TIC corresponded to the P. destructans sample. One peak of 

interest was the one with an average retention time of 12.353min, which started at 12.219 min and 

ended at 12.407 min (Sample Chromatograms, Appendix 3). In this area the most abundant base 

peak was 420.2445 m/z (Sample Spectra, Appendix 3; Figure 28). The fourth TIC in figure 27 

analyzed the S5 + P. destructans extract. One peak of interest had an average retention time of 

12.677 min (Figure 27). The peak started at 12.532 min and ended at 12.825 min (Sample 

Chromatograms, Appendix 4). Based on the spectrum in figure 28, the most abundant base peak 

(100%) has a mass-to-charge ratio of 327.0872 m/z (Sample Spectra, Appendix 4; Figure 28). The 

fifth and last TIC was of the S5 sample. One peak of interest had an average retention time of 

12.638 min (Figure 27). The peak started at 12.511 min and ended at 12.799 min (Sample 
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Chromatograms, Appendix 5). Based on the spectrum in figure 28, the most abundant base peak 

(90.16%) has a mass-to-charge ratio of 327.0863 m/z (Sample Spectra, Appendix 5; Figure 28). 

Figure 26: Integrated Total Ion Chromatogram (TIC) measured on a Quadrupole Time-of-flight 

(QTOF) Mass Spectrometer of different spent media samples: fresh Yeast Malt Broth (YMB) (first 

black TIC) and 250 µL cell-free extracts or spent media samples from P. destructans (second black 

TIC), S5 (third, green TIC) and the P. destructans + S5 diluted with HPLC grade water to a total 

volume of 1 mL. Each peak was a representation of a compound. The average retention times were 

indicated on top of each peak. The chromatogram shows the acquisition time (minutes) versus the 

intensity or the abundance of the peaks.  
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Figure 27: Total Ion Chromatogram (TIC) of different metabolic extracts measured on a 

Quadrupole Time-of-flight (QTOF) Mass Spectrometer and showing the percent count versus the 

acquisition time in minutes. First (red) TIC: sample of S5 12-well plates extracted with acetonitrile. 

The used blank was empty agar wells also extracted with acetonitrile. Second (dark blue) TIC: 

sample of S5 12-well plates extracted with chloroform. The used blank was empty agar wells also 

extracted with chloroform. For TICs 3, 4, and 5:  S5 12-well plates, P. destructans plates and 

pairwise testing plates of S5 and P. destructans were extracted with a 2:1:1 ration of methanol, 

chloroform, and ethyl acetate. The used blank was empty agar plates extracted using the same 

method. All the extracts were diluted to 1mg/mL using HPLC grade methanol. Third (green) TIC: 

P. destructans extract. Fourth (purple) TIC: S5 and P. destructans extract. Fifth (light blue) TIC: 

S5 extract. Peaks represented the different compounds. Average retention times were indicated on 

top of each peak.  
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Figure 28: Spectra of different metabolic extracts representing the count versus the mass to charge 

ratio (m/z). First (dark blue) spectrum: sample of S5 12-well plates extracted with acetonitrile. The 

used blank was empty agar wells also extracted with acetonitrile. Second (green) spectrum: sample 

of S5 12-well plates extracted with chloroform. The used blank was empty agar wells also 

extracted with chloroform. For spectra 3, 4, and 5:  S5 12-well plates, P. destructans plates and 

pairwise testing plates of S5 and P. destructans were extracted with a 2:1:1 ration of methanol, 

chloroform, and ethyl acetate. The used blank was empty agar plates extracted using the same 

method. All the extracts were diluted to 1mg/mL using HPLC grade methanol. Third (brown) 

spectra: P. destructans extract. Fourth (light blue) spectra: S5 and P. destructans extract. Fifth 

(black) spectra: S5 extract. Peaks represented the different compounds. The mass-to-charge ratios 

were indicated on top of each peak.  
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4. Discussion  

White-nose syndrome is an emerging disease that has affected many bat populations in 

Eastern USA and Canada (Frank et al., 2016) and is still spreading across the continent (Micalizzi 

et al., 2017; Warnecke et al., 2012). To fight against this infectious disease, probiotic and microbe-

derived treatments might be an efficient solution since they provide a new source of naturally 

derived compounds (Kolwich, 2019). This thesis aims to find a microbe-derived inhibitory 

compound from a soil sample isolate extracted from a cave in Gatineau, Quebec. The main results 

were the following. The isolate was first named S5 and was after identified, using PCR and 

sequencing, to be Penicillium herquei (P. herquei). The growth curve and calibration curve of P. 

herquei were also determined by measuring the pellet mass and the absorbance of liquid cultures. 

Using pairwise testing, it was determined that P. herquei inhibits the growth of P. destructans. 

Spent media testing was not conclusive in determining whether the inhibition was due to resource 

competition or interference competition. However, metabolic extract testing showed that the 

presence of P. herquei was not necessary for the inhibition to occur. Further qualitative analysis 

of the metabolic extract was done to determine the molecular weight, retention time and mass-to-

charge ratio of the inhibitory compound. A certain peak was seen consistently across multiple 

chromatograms of different S5 metabolic extracts.  

4.1 What is S5?  

4.1.1 Isolate (S5) Identification: P. herquei: 

 Micalizzi et al. (2017) have isolated a library containing multiple microbes from different 

cave sites across Canada. S5 was one of the isolates that were sent to our research group from Dr. 

Myron Smith’s lab at Carleton University. The filamentous fungi (including S5) and yeast were 
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amplified using the Internal Transcribed Spacer region (Micalizzi et al., 2017). The paper also 

amplified the beta-tubulin gene which is a region characteristic of Penicillium spp. S5 was 

determined to be part of the Penicillium spp. (Micalizzi et al., 2017). Using DNA extraction, PCR 

amplification and sequencing, S5 was identified to be Penicillium herquei. The NCBI nucleotide 

BLAST results showed that the first targets, using ITS 1, ITS2 and ITS4 were P. herquei (Figures 

11, 12 and 14). However, the BLAST results for the segment sequenced with ITS3 had a lower 

percent identity match (Figure 13). The ITS 3 region might be a conserved region across multiple 

Penicillium spp. which would explain the lower percent identity match.  P. herquei is part of the 

subgenus Aspergilloides. Specifically, it belongs to the section Sclerotiora, which contains about 

17 Penicillium spp. (Wang et al., 2017). P. herquei is the only taxa in Sclerotiora that contains 

conidiophores with two branches (or biverticillate conidiophores). It usually grows on different 

media at 25 ᵒC and it has been isolated from different substrates including soil, plant material (like 

rotten fruits), and insects (Wang et al., 2017). The colony characteristics mentioned in the literature 

confirm the characteristics observed on the solid media in our lab (Enomoto et al., 1995; Visagie 

et al., 2013; Wang et al., 2017). On Malt Agar media, P. herquei covers 10 to 25 mm after 

incubation at 25 ᵒC (Figure 17). The colony is velvety, and the reverse side has a yellow to cream 

colour between day 4 and day 6 (Figure 17). These observations were consistent throughout the 

different literature papers (Enomoto et al., 1995; Visagie et al., 2013; Wang et al., 2017). Visagie 

et al., (2013) also showed that P. herquei grew moderately at 30 ᵒC but did not grow at all at a 

temperature of 37 ᵒC which matches and justifies our 25 ᵒC growth temperature.  

4.1.2 Quantification of S5: growth and calibration curve: 

 This experiment enables the quantification of P. herquei growth by measuring the fungal 

dry mass and the absorbance of liquid cultures over 10 days. The quantification keeps the number 
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of cells in a liquid culture consistent across all experiments and enables the liquid cultures to be 

used when the cell growth is at its maximum. Cell growth is defined as a balanced increase in cell 

content over time (Deacon, 2006). Cell content includes proteins, biomass, cell number, dry 

weight, nucleic acid content, etc. (Deacon, 2006). The propagation of filamentous fungi occurs in 

five phases. The lag phase is characterized by little to no growth. The exponential or logarithmic 

growth phase is when the growth rate is at its maximum which can be visualized by the steep slope 

on the growth curve. During this phase, cells duplicate rapidly. The growth continues until the 

available resources can no longer support the growth or when a harmful by-product starts to 

accumulate. The deceleration phase is when the growth rate slows down (Deacon, 2006). The 

stationary phase is when growth is offset by cell death which causes the curve to plateau (Kolwich, 

2021). The last phase is autolysis or cell death (Deacon, 2006). Ensuring that all liquid cultures 

are in the exponential phase increases the number of cells in the liquid culture, optimizing the 

subsequent experiments. Based on Figure 15, the exponential phase of P. herquei in YMA liquid 

cultures is between days 4 and 6.  

 The calibration curve is made by plotting the measurement of absorbance at 630 nm against 

the dry mass of the filamentous fungi. The relationship between absorbance and dry mass is linear. 

The dry mass of a liquid culture increases proportionally as its absorbance increases (Langvad, 

1999). It enables the determination of the dry mass based on the absorbance of a certain liquid 

culture using the linear slope equation. This ensures consistency across experiments. The 

measurements of the dry mass in liquid cultures were not very successful which was represented 

by the high standard error bars in Figure 16. To measure the absorbance, the liquid culture had to 

be homogenized using a tissue grinder (Granade et al., 1985). The measurement of the dry mass 

was problematic. First, the dry mass was measured on filter paper, dried in a desiccator for 24 
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hours then weighed on an analytical balance based on the procedure made by Jennifer Kolwich 

and originally adapted from Langvad’s (1999) protocol. The dry mass values were not consistent 

due to the residual water trapped in the filter paper, as well as static electricity buildup on the filter 

paper and the balance. While weighing the filter paper, static electricity causes the numbers on the 

balance to fluctuate almost constantly. The experiment was rerun using a modified protocol 

(outlined in Methods and Materials, section 2.5). The results were then plotted in the graph. The 

standard error bars were significantly high for the dry mass variable (Figure 16). This indicates 

that the values between the triplicates were significantly different. The difference can be explained 

by a balance error, the presence of leftover YMB or differences in growth in each tube that could 

influence the measurement. Langvad (1999) proposed a more efficient method to calculate the 

calibration curve of filamentous fungi that could be considered for future attempts to quantify S5 

growth. The paper suggests using a 96-well microtiter plate and a microplate reader to measure 

the absorbance. The dry weight was measured using glass fibre filters which absorb a minimal 

amount of water. The glass filters were then oven-dried overnight at 105 ᵒC (Langvad, 1999). An 

oven would dry out the water left in the glass filter which contributes to an accurate reading of the 

dry mass.  

4.2 What is the inhibitory effect of  P. herquei (S5) on P. destructans? 

Pairwise testing enables the visualization of the inhibition. After growing P. destructans 

for 7 days and P. herquei for 4 to 6 days each pure strain was inoculated on each side of the agar 

and incubated. The two inoculates did not come in contact with each other and were 15 mm apart. 

Figure 19 represents a pairwise test in a 12-well plate. In the plate, no P. destructans growth was 

observed and P. herquei growth was decreased. The absence of P. destructans suggests that P. 

herquei acted as an inhibitor for the growth of P. destructans. The mode of inhibition between P. 
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destructans and P. herquei is the focus of the next section. The decrease in the P. herquei colony 

might be due to the decreased number of available resources on the agar well. The two fungi were 

being grown on the same plate and both grew on the same media and needed the same compounds 

for survival (including dextrose and peptone) (Alexopoulos et al., 1996). At the start, P. 

destructans was using the resource to establish a colony, and so did P. herquei. However, the 

inhibition hindered P. destructans from growing and resulted in P. herquei decreasing its growth 

(colony size) due to the available resources (Pirt, 1967).  

It is important to mention that the inhibition was only observed when P. herquei and P. 

destructans were inoculated at the same time. If P. destructans was given time to establish its 

colonies P. herquei could not kill the already present P. destructans colonies. 

4.3 How does P. herquei inhibit the growth of P. destructans?  

The main result is that P. herquei inhibits the growth of P. destructans. The next two 

sections discuss the inhibition modes based on the observed results. 

4.3.1 Inhibition due to resource competition:  

Resource competition happens when there is a simultaneous demand for the same resources 

by two different populations. The resources might not be sufficient to meet the demands of both 

populations (Dighton et al., 1992). Exploitation competition happens when one individual depletes 

all available resources and leaves the second individual with little to no survival sources. In this 

case, a population or an individual is a better competitor (Dighton et al., 1992). To assess the 

inhibition mechanism, a cell-free extract of P. herquei was used to make both fresh liquid and 

agar-based media that were subsequently inoculated with P. destructans. Figure 20 A shows the 

absence of P. destructans in the liquid media, while figures 20 B and 21 (A and B) show minimal 
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growth of P. destructans compared to the P. destructans controls grown in regular liquid and agar-

based media. These results suggest that the presence of P. herquei is not necessary for the 

inhibition to occur. Subsequently, the inhibition is not a result of resource competition between 

the two fungi. Since there was little P. destructans growth, and to dive in more on the mode of 

inhibition, metabolic extract testing was done to address the interference competition hypothesis.  

4.3.2 Inhibition due to interference competition 

Interference competition happens when one individual influences the access to resources 

of the other individual through behavioural (like territoriality for animals) or chemical interactions. 

Interference competition is also known as antagonism (Dighton et al., 1992). Penicillium is one of 

the most common fungi species in the world. This genus is primarily known for secreting different 

metabolites that are used in various disciplines like food spoilage, biotechnology, plant pathology, 

and medicine (specifically antimicrobials) (El Hajj Assaf et al., 2020). Penicillium is known to 

secrete different compounds with a wide range of biological activity. The most iconic example is 

the antibiotic penicillin (El Hajj Assaf et al., 2020). Natural products are usually produced as 

secondary metabolites through enzymatic pathways (El Hajj Assaf et al., 2020; Luo et al., 2015). 

 Plates made with extracts from P. herquei have inhibited the growth of P. destructans. 

This result suggests that the presence of P. herquei is not crucial to the inhibition, which implies 

that P. herquei is secreting an inhibitory compound that affects the growth of P. destructans. The 

qualitative analysis of all the different extracts was done using a QTOF Mass Spectrometer. The 

P. herquei plates were extracted with Acetonitrile (ACN) and chloroform (CHCl3) separately. The 

two solvents have different polarities. Figures 22 and 23 show that both metabolic extracts 

inhibited the growth of P. destructans. This suggests that the inhibitory compound is present in 

both the ACN and the CHCl3 extracts. Both the ACN and the CHCl3 extract chromatograms had 
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one peak in common at approximately 12.5 min retention time (Figure 27). The metabolic extracts 

of P. herquei made using the 2:1:1 ratio mixture (Methods and materials, section 2.8) also had the 

same peak with approximately the same retention time but with a lower intensity. One specific 

base peak was consistent along all the spectra of the previously mentioned samples (Figure 28). 

The peak has a mass-to-charge ratio of a 327.09 m/z which could be informative on the molecular 

weight of the most stable compound within this sample. Consequently, the inhibitory compound 

might have an average retention time of approximately 12.5 and a base peak of 327.08 mass-to-

charge ratio.  

Reviewing the literature, P. herquei produces a variety of secondary metabolites that have 

a wide range of biological activities. About 40 years ago, herquline A was extracted from a strain 

of P. herquei. It was later shown that herquline A prevents platelet aggregation and has multiple 

antibiotic properties like inhibiting the replication of the influenza virus (Enomoto et al., 1995; 

Zhu et al., 2019). P. herquei also produces herquline B (Omura et al., 1979) and  its diastereomer  

herquline C which seems to have the same biological activities as herquline A (Enomoto et al., 

1995). It was shown that P. herquei produces two epimer pairs of acetaminophen derivatives called 

Penicilquei (A, B, C and D) (Wu et al., 2020; Zhou et al., 2019). Peniciliqueis showed broad-

spectrum antifungal activity against fungi like Colletotrichum capsica and Bipolaris oryzae (Zhou 

et al., 2019). Stationary P. herquei liquid cultures seemed to produce coloured compounds that 

turned the media dark red. These compounds were identified to be norherqueinone and 

herqueinone. The compounds have antimicrobial activity (Narasimhachari and Vining, 1963). As 

mentioned, P. herquei produces a wide range of antifungal and antimicrobial compounds. 

However, based on the mass spectrometer data in the papers, none of these compounds have a 

matching mass-to-charge ratio to the one found in this paper. The closest mass-to-charge ratio was 
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328.1165 m/z which corresponds to (-) and (+) Scleroamide (Yu et al., 2022) suggesting that our 

compound of interest might be Scleroamide, a compound that has a molecular formula of 

C18H18NO5. Further analysis must be done to determine the identity of the inhibitory compound. 

Since this compound is a secondary metabolite, it would exist in low quantities compared to the 

primary metabolites (Luo et al., 2015). This would explain why the spent media assay was not 

very successful: the compound was being produced at low levels. Its concentration decreased even 

more after mixing the P. herquei cell-free extract with fresh YMB media. However, when the 25 

mg/mL metabolic extracts were mixed with fresh media, P. destructans was inhibited.  

5. Conclusion 

 White-nose Syndrome is an emerging disease in Eastern USA and Canada. It has killed 

millions of bats from various species and is still dispersing. P. destructans is the causative agent 

of White-nose Syndrome. Chemically synthesized antimicrobials might influence the cave 

ecosystem. For that reason, microbe-derived treatments can be the next key solution for infections 

like White-nose Syndrome. The goal of this research project is to find a microbe-derived treatment 

from a soil sample isolate extracted from a cave in Gatineau, Quebec. The isolate was named S5 

but then identified to be Penicillium herquei. Using pairwise testing plates, it was shown that P. 

herquei inhibits the growth of P. destructans. Two mechanisms of inhibition were considered: 

inhibition due to resource competition or interference competition. Using cell-free extracts (spent 

media) from P. herquei, it was demonstrated that the presence of P. herquei is not important for 

the inhibition to occur. This result was supported using P. herquei metabolic extract testing. Agar-

based media was able to inhibit the growth of P. destructans suggesting that the physical presence 

of P. herquei does not contribute to the inhibition. This implies that P. herquei secretes a secondary 

inhibitory metabolite to inhibit P. destructans growth. All the metabolic extracts were analyzed 
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using a Quadrupole time-of-flight Mass Spectrometer. All the chromatograms have a peak in 

common with a retention time of 12.5 minutes. All the spectra had a common base peak with a 

mass-to-charge ratio m/z of 327.08. The exact molecular formula and configuration of the 

secondary metabolite were not determined during this research. However, based on the literature 

review, one candidate might be Scleroamide, a compound usually secreted by P. herquei that has 

a mass-to-charge ratio of 328.1165 and a molecular formula of C18H18NO5. 

6. Future Work  

Future work involves using one dimension of a 2-Dimensional High Performance Liquid 

Chromatography with photodiode array detection to separate the peak of interest seen on the 

chromatogram of the  Acetonitrile or the Chloroform metabolic extract. Having a separated sample 

opens the way to using other techniques to identify the compound like IR (Infrared) spectroscopy 

and NMR (Nuclear Magnetic Resonance) analysis. After identifying the inhibitory compound, it 

would be necessary to study the minimal and maximal concentrations required for the inhibition.   
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8. Appendix  

8.1 Appendix 1: Quadrupole time-of-flight mass spectrometer analysis report of the 

acetonitrile extract from S5 plates.  
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8.2 Appendix 2: Quadrupole time-of-flight mass spectrometer analysis report of the 

chloroform extract from S5 plates 



69 
 



70 
 



71 
 



72 
 

 

 



73 
 

8.3 Appendix 3: Quadrupole time-of-flight mass spectrometer analysis report of the 

P. destructans extract  
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8.4 Appendix 4: Quadrupole time-of-flight mass spectrometer analysis report of the 

S5 and P. destructans extract.  
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8.5 Appendix 5: Quadrupole time-of-flight mass spectrometer analysis report of the 

S5 extract.  
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