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Abstract 

Fungal gene replacement research 

This report summarizes how a diverse internship experience provided a working 

knowledge of the basic techniques required to use fungi in a laboratory setting, and evaluates the 

usefulness of translating those techniques into the high school classroom. 

To gain and demonstrate an understanding of fungal biology, a project was undertaken in 

Dr. Marc Orbach’s laboratory with the goal of creating a mutant strain of Magnaporthe oryzae 

lacking the putative virulence gene CPS1. An attempt was made to establish stable knockout 

mutants of M. oryzae strain Guy11 through Agrobacterium tumefaciens mediated transformation 

(ATMT) and protoplast transformation techniques (Betts, 2007). A gene encoding hygromycin B 

phosphotransferase (Hph) which provides resistance to hygromycin was used in both cases to 

attempt to replace the target M. oryzae CPS1 DNA. Putative transformants were analyzed by 

PCR and agarose gel electrophoresis to compare observations to expected results. Hygromycin 

resistant transformed strains were obtained using two different M. oryzae strains, Guy11 wild 

type and Guy11Δku80 mutant lacking the gene essential for Non-homologous end joining DNA 

recombination. Complementary to the PCR and electrophoresis analysis, Southern blot analysis 

was employed to examine the CPS1 locus in the putative transformants.  

 
Education outreach 

To demonstrate the effectiveness of fungal biology techniques in the classroom, an 

experiment was designed to convey Alexander Fleming’s discovery of penicillin. An activity 

was designed to communicate the variability of antibiotic sensitivity among bacterial species to 

high school students. Classroom resources mandate a simple experimental design to 

communicate scientific concepts to high school students. A protocol was developed and 
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optimized to demonstrate the interaction between Penicillium chrysogenum and three different 

species of bacteria, using materials that are readily available to high school classrooms. 

Classrooms with student populations who are predominantly underrepresented in higher 

education and who are from economically depressed areas became the model for resource 

availability so that the protocol could be used by students from a wide range of backgrounds.  

For the classroom activity, Penicillium chrysogenum conidia were harvested from potato 

dextrose agar (PDA) media and quantified by optical density using a spectrophotometer before 

culture flasks of liquid media were inoculated. After several days of fungal growth, cultures of 

Staphylococcus epidermidis, Micrococcus luteus, and Enterobacter aerogenes were inoculated 

into separate cultures of P. chrysogenum as well as sterile liquid media in culture flasks. After 24 

hrs the cultures were filtered to separate fungi from bacteria and the growth of the bacteria was 

quantified by optical density and compared across cultures. The classroom activity, titled 

“Penicillium Antibiotic Effect”, has been added to the BIOTECH Project website 

(http://biotech.bio5.org/biotech_lab_activities/penicillium) and an article was written and 

submitted to the American Biology Teacher journal of the National Association of Biology 

Teachers.  

 
Introduction 

Fungi offer great potential for industrial application and education. Industrial 

biotechnology has made use of fungal characteristics for many years; however, the biological 

complexity of the fungal kingdom has left fungal biology underrepresented in typical high school 

biology curricula despite the growing need for biological solutions to problems of sustainability 

and waste remediation. Educating young scientists in fungal biology may prove invaluable to the 

future of biotechnology.  
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The total number of fungal species is estimated to be 5.1 million and is spread out over a 

large and diverse set of environments (Blackwell 2011; Wardle & Lindahl, 2014). However, by 

2008 only 97,330 species of fungi had been reported (Kirk, et al., 2008). Given the large number 

of undiscovered species, there may be many novel adaptations to benefit human technology. As 

eukaryotic organisms, fungi have relatively complex cellular machinery compared to bacteria. 

Fungal organism complexity is often combined with a relatively quick growth rate compared to 

other eukaryotic organisms, and the generation of vast numbers of spores that can be genetically 

modified. These characteristics can make fungi ideal candidates for use in mass-scale production 

of biologically complex and relevant compounds.  

In a 2006 article in the Indian Journal of Microbiology, author R. Maheshwari details the 

applicability of fungi as cellular factories for producing relevant biological molecules. 

Maheshwari proposes 11 distinct advantages to using yeast and filamentous fungi compared to 

plant or animal cells to produce biotechnologically useful metabolites. Fungal adaptability to 

diverse environments, rapid growth rate, selection of high producing strains from large numbers 

of colonies, large surface area to volume ratio, and long-term preservation of spores define useful 

characteristics of fungi as cellular factories. 

Biotechnologically relevant species of fungi can be grown in defined liquid media 

providing for industrial scale fermentation. Filamentous fungi exhibit polar as opposed to 

isotropic growth, expanding continually in length without increasing in width. This gives them a 

high ratio of surface area to volume allowing secretion of large quantities of compounds of 

interest. In addition, the mechanisms for secreting enzymes are well defined and established in 

the literature with protocols to take advantage of these mechanisms, and this provides an 

opportunity to use fungi as cellular factories. The rapid growth rate of select fungi proves 
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valuable in screening techniques, since the identification of a useful mutation can be achieved 

within a reasonable time. Fungal spores are produced in large quantities and are capable of being 

stored on silica crystals at -20°C, or in water at 4°C allowing for simple methods of long-term 

storage to maintain particularly useful strains (Nakasone, 2004).  

In addition to the technological benefit gained by manipulating fungi, fungal organisms 

have a naturally significant role in the ecosystem that also warrants study. The fungal kingdom 

contains many saprobes that decompose dead plant and animal matter and as such, serve an 

essential role in the terrestrial carbon cycle. C. posadasii and M. oryzae pathogens that cause 

diseases on their respective animal and plant hosts. Pathogenic fungi are relevant to study as 

humans are both susceptible animals and stewards of a world of susceptible organisms. Select 

fungi have allowed researchers and clinicians to develop therapies to combat disease, for 

instance the discovery of penicillin through investigation of the Penicillium genus of fungi 

(Aldridge, 1999) 

While the scientific and industrial communities have realized the importance of studying 

the fungal kingdom, it is some mystery that the education system does not place more 

importance on teaching about fungi in school. Fungi pose complications to the typical study of 

eukaryotic biology, a fact that can make educators shy away from discussing fungal biology until 

students grasp a better understanding of what to expect from the other kingdoms. For example, 

fungi have a cell wall as do plants and bacteria, but the cell wall is made of chitin like insect 

exoskeletons or fish scales and not cellulose as in plants, or peptidoglycan as in bacteria. Within 

the cell wall are incomplete septate membranes with openings to pass nutrients. The polyphyletic 

clade, known as the dikarya, contains the phyla Ascomycota and Basidiomycota which are molds 

and mushrooms that students would recognize as fungi. Many of the Basidiomycota and some of 
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the Ascomycota organisms maintain a dikaryotic (Greek for “two-nut”) growing stage in which 

each cell of the fungus maintains two separate nuclei, one from each parent fungus, contrary to 

the typical high school biology model of plant and animal cells with only one nucleus (Perez-

Martin, 2011) Thus, fungal characteristics may challenge the concept of the typical doctrine of a 

study for the concept of a cell in elementary biology.  

Methods can however be employed to elucidate the relevance of the fungal kingdom 

without getting too mired in the details. The connection that students can make between fungi 

and health related topics may aid understanding by introducing the concept that many antibiotics 

originated as natural products of fungi that were applied to treat infections in clinics. This also 

allows for class discussion about the reason fungi make antibiotics in nature. Integrating fungal 

biology into the high-school classroom through laboratory activity based learning may spark 

student interest in working with fungal biotechnology in the future.  

 
Internship Preface and Framework 

According to the University of Arizona Applied Bio-Sciences Professional Science 

Masters (ABS-PSM) graduate student handbook, the ABS internship is meant to provide a 

setting where graduate students acquire a unique experience by applying classroom knowledge to 

real-world problems. Upon completion of this program the graduate student will have skills to 

effectively communicate scientific understanding to a broad community. The skills gained in this 

program will allow the graduate to be a much-needed intermediary between business-focused 

and science-focused members in science-based industry. ABS-PSM places emphasis on 

providing the graduate student with opportunities to discover their own talents and ambitions in a 

variety of fields. Typically, ABS-PSM internships are conducted through industry professional 

organizations among the broader community, achieving broader connections, however there is 
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also the opportunity to participate in research and education programs at the University of 

Arizona. Detailed here are two internships in two separate University of Arizona labs under Dr. 

Marc Orbach (Plant Sciences, Fungal Research) and Dr. Nadja Anderson (Molecular and 

Cellular Biology BIOTECH Project K12 Outreach Program), respectively. Working in Dr. 

Orbach’s laboratory provided a research-focused internship experience and working in Dr. 

Anderson’s laboratory provided an opportunity for outreach to K12 educators and students to 

hone skills communicating science.   

 
Orbach Laboratory Internship 

The Orbach lab at the University of Arizona conducts research in fungal biology focusing 

on Coccidioides posadasii, a mammalian pathogen endemic to the Southwestern United States, 

and Magnaporthe oryzae, a pathogen of rice, among other projects. Both M. oryzae and C. 

posadasii serve as models to study fungal pathogenicity. Through study of the genes and 

pathways in these two systems, one can infer parallels between the pathogenicity of a plant and 

an animal pathogen. Observations of the mechanisms in one system may help a researcher form 

ideas to investigate characteristics of the other system. 

 
Coccidioides posadasii 

A C. posadasii Δcps1 mutant is currently being investigated for use as a possible 

attenuated vaccine for human valley fever. The study was based on that of Dr. Gillian Turgen’s 

lab publication of the reduced virulence of Cochliobolus heterostrophus Δcps1 mutants on maize 

(Lu, 2003). 

Coccidioidomycosis, more commonly known as valley fever, is a disease affecting 

animals including humans.  Though two-thirds of the people exposed to the causative agents do 
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not notice any symptoms, one-third of the cases lead to symptomatic infection. Though it is rare 

even among the contracting population, some cases lead to chronic, long-term respiratory 

complications or systemic infections. Specific demographics at increased risk of infection 

include those with suppressed immune systems such as AIDS, organ transplantees, or patients on 

corticosteroids of TNF-inhibitors. The disease-causative agents, Coccidioides immitis and 

Coccidioides posadasii, are endemic to the deserts of the Southwestern United States, and may 

be found in Mexico, and in Central and South America (Valdivia, 2006). 

Coccidioides species reproduce asexually by segmenting a portion of their existing 

hyphae and repurposing them as spores in a process known as arthroconidiation (Cole & Sun, 

1985). The disease is transmitted through inhalation of these small arthroconidia (<5 µm), which 

are then triggered to differentiate in the host’s body, growing isotropically, to develop into a 

relatively large (80 µm-100 µm) parasitic structure, called a spherule, within the terminal 

bronchioles of the lung. (CDC, 2017). The spherule elicits an inflammatory response from the 

host, initiating the recruitment of leukocytes (primarily neutrophils) to the site of infection. As 

the spherule matures, it undergoes internal septation, followed by segmentation and formation of 

endospores. This spherule-endospore cycle may continue until the infectious agent is controlled 

or destroyed by the host immune system, by medical intervention, or host death. Recovery from 

Coccidioides exposure imparts a lifelong immunity to subsequent infection. This implies that it is 

possible to develop an attenuated vaccine to prime the immune system and reduce emergent 

cases of coccidiomycosis in the future (G T Cole et al., 2004). 

Studies investigating the effects of CPS1 deletion discovered an avirulent phenotype in 

knockout mutants of Cochliobolus heterostrophus, a plant pathogen affecting corn. Changes in 

growth characteristics between virulent (wt) and avirulent (Δcps1) strains of C. posadasii have 
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been documented (Narra, 2016). At room temperature, the avirulent strain displayed slower 

radial growth compared to wild type, and produced smaller but structurally similar spherules at 

37°C. Strains lacking CPS1 produced colonies surrounded by a green pigment suspected to be 

either a metabolic intermediate or a stress response. Interestingly, Δcps1 mutants show a greater 

tolerance to oxidative stress compared to wild type. The absence of CPS1 leads to an altered 

gene expression during the development of spherules, and is suggestive of CPS1 potentially 

regulating multiple pathways. (Narra, 2016). 

 
Magnaporthe oryzae 

The fungal species Magnaporthe oryzae is a plant pathogen which causes rice blast 

disease in plants of genus Oryza. Rice blast is characterized by lesions which can destroy up to 

30% of annual rice crops (Talbot, 2003). Though the primary focus of the Orbach Laboratory has 

been C. posadasii in recent years, work had been done by Sandie Worley, laboratory student 

volunteer to investigate any parallels between the different systems of a fungal pathogen of 

plants and fungal pathogen of animals.  

Like C. heterostrophus and C. posadasii, the M. oryzae genome contains an ortholog of 

the CPS1 gene. A stable M. oryzae mutant lacking CPS1 would allow the Orbach lab to 

determine if CPS1 played a role in M. oryzae pathogenicity on host rice plants, and the study of 

M. oryzae pathogenicity may prove useful to understanding fungal pathogenicity. The goal of the 

internship in the Orbach laboratory was to prepare and characterize such a knockout mutant. 

 

Agrobacterium tumefaciens Mediated Transformation 

To create an M. oryzae CPS1 deletion mutant, an Agrobacterium tumefaciens plasmid 

donor strain was first transformed by S. Worley, through electroporation with a binary plasmid 
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that has a T-DNA region containing an M. oryzae CPS1 deletion construct. The A. tumefaciens 

transformants were stored in glycerol stocks in the lab -80°C freezer. Fungal transformation by 

the A. tumefaciens mutant (ATMT) works by transferring the T-DNA from the Agrobacterium to 

the host of interest (in this case M. oryzae). The Ti-plasmid contains a set of genes called VIR 

genes, which are normally silent until activated by vir-inducers exuded by the natural plant hosts 

of Agrobacterium or through induction media in the lab. Inducing the vir-genes is a pH 

dependent technique, performed at an ideal pH 5.8 (Statchel, 1986). In addition, the temperature 

of the A. tumefaciens bacteria during the induction step can negatively affect the transformation 

by inhibiting T-DNA transfer machinery. Temperatures above 29° have been shown to inhibit 

transformation (Fuller & Nester 1996). Induction of the A. tumefaciens and M. oryzae 

transformation was conducted at 28°C. 

There are a variety of factors involved in creation of a gene deletion mutant through 

transformation. In non-yeast fungal transformation, as is the case for M. oryzae, the transforming 

DNA integrates into the host chromosomes. The common approach in filamentous fungi to 

create a gene knockout is to screen for a double crossover event between the introduced DNA 

and the target locus for mutation. Homologous regions of DNA are recombined in a double 

crossover event resulting in two recombined DNA molecules effectively exchanging the target 

locus with the introduced DNA (Hallmann, 1997). Alternatively, the introduced DNA can be 

integrated in a process known as non-homologous end joining (NHEJ). When NHEJ occurs, 

cellular machinery opens a gap in the chromosomal DNA into which the entire introduced DNA 

sequence is inserted and the molecule is ligated. Because NHEJ does not depend on recognition 

of homologous sequences of DNA, the introduced DNA may integrate anywhere in the 

chromosomal DNA. This randomly placed insertion is known as ectopic integration. The 
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frequency of homologous recombination vs. ectopic integration of the transforming DNA varies 

between loci and organism. Ectopic transformants will grow on the selective medium, but will 

not contain the intended gene replacement. To identify the desired gene deletion mutants, 

following transformation, strains are analyzed by PCR and/or Southern blot DNA analysis to 

confirm successful gene replacement. (Colot, et al., 2006) 

 
Methods 

M. oryzae Guy11 parent strain and M. oryzae Guy11Δku80 NHEJ mutant (Villalba, 2008) 

were transformed by ATMT and protoplast transformation techniques (Betts, 2007). Fungal 

cultures were started from frozen desiccated cultures stored on cellulose filter discs. Cuttings of 

the filter papers were placed on supplemented complete media (SCM; 10 g/l glucose, 2.0 g/l 

peptone, 1.0 g/l  yeast extract, 1.0 g/l casamino acids, 5.0% (v/v)  nitrate salts (120 g/l NaNO3, 

10.4 g/l KCl, 10.4 g/l MgSO4·7H2O, and 30.4 g/l KH2PO4), 0.1% (v/v) Vitamins supplement 

(0.001 g/l biotin, 0.001 g/l pyridoxin, 0.001 g/l thiamine, 0.001 g/l riboflavin, 0.001 g/l p-

aminobenzoic acid, and 0.001 g/l nicotinic acid), 0.1% (v/v) trace elements (22 g/l ZnSO4·7H2O, 

11.0 g/l H3BO3, 5.0 g/l MnCl2·4H2O, 5.0 g/l FeSO4·7H2O, 1.7 g/l CoCl2·6H2O, 1.6 g/l 

CuSO4·5H2O, 1.5 g/l Na2MoO4·2H2O, and 50 g/l Na2-ethylene diaminetetraacetic acid, pH 6.5) 

(Talbot, 1993) for growth for 7-14 days at 28°C. 

After transformation, putative transformants were screened to isolate homokaryon strains 

by selecting a germinating hypha from a single conidium for subsequent growth and DNA 

extraction. Conidia of primary transformants were streaked using a modified glass Pasteur 

pipette with the tip melted into a round end that was sterilized in 70% ethanol. These spores were 

then spread onto an SCM plate supplemented with 150 µg/ml hygromycin and allowed to 

germinate for 24-48 hrs at 28°C. Germinating hyphae were examined under a dissecting 



 14 

microscope and carefully collected using a sterile syringe and transferred to SCM with 150 

µg/ml hygromycin in a 12 well plate for subsequent growth and use. 

 

Agrobacterium tumefaciens mediated transformation 

Plasmids for fungal transformation were introduced into A. tumefaciens by 

electroporation. Two plasmids were introduced separately into A. tumefaciens parent strain 

AD965: pAM1640 containing the hph hygromycin resistance marker (Figure 1A), and pAM1670 

containing hph between CPS1 flanking regions (Figure 1B).  

A)        B) 

 

Figure 1. A) pAM1640 plasmid map featuring bla ß-lactamase resistance marker and hph hygromycin 

resistance marker DNA. B) pAM1670 plasmid map based on pAM1640 featuring the addition of 5’ CPS1 flanking 

region and 3’ CPS1 region flanking the hph resistance marker. 

Plasmids were created from a parent vector containing the ß-lactamase resistance marker 

(bla) which conveys resistance to ß-lactam antibiotics such as carbenicillin. Transformed A. 

tumefaciens were grown in AB liquid medium containing 0.6 mM CaCl2, 0.2% glucose, 18 mM 

K2HPO4, and 10 mM NaH2PO4, and carbenicillin 60 µg/ml for 24 h, at 28°C, shaking at 250 rpm 
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to achieve an OD600 reading between 1.0 to 1.5 using a spectrophotometer. A. tumefaciens vir-

gene expression was induced by transferring 300 µl of the above culture to 4.7 ml AB MES 

induction media (4.0% 25x AB MES buffer (0.625 M 2-(N-morpholino)ethanesulfonic acid, 0.55 

M K2HPO4, 0.2 M NaH2PO4, pH 5.8), 2.0% 50x AB salts (0.935 M NH4Cl , 0.6 M 

MgSO4·7H2O, 0.1 M KCl, 4.5 mM CaCl2, 4.5 mM FeSO4·7H2O, pH 7)  0.2% glucose) and 

incubating in a water bath at 28°C for 18-24 hrs with shaking at 200 rpm to achieve an OD600 

reading of 0.5-1.0 using a spectrophotometer (Tucker, 2007).  

M. oryzae conidia for transformation were generated by growing strains for 7-14 days on 

SCM under constant light at 25°C. Conidia were recovered from the plate using 5.0 ml sterile 

0.25% gelatin and a sterile plastic spreader to suspend the conidia. The conidial suspension was 

filtered into a sterile 15 ml centrifuge tube through sterile Miracloth (Millipore Sigma) to remove 

mycelial debris. Conidia were counted using a hemocytometer and their concentration was 

adjusted to 1x106 spores per ml in sterile water after centrifugation.  

M. oryzae conidia were centrifuged at 3750 rpm for 10 min and resuspended in sterile 

water to a concentration of 1 x 106 conidia per ml. A. tumefaciens transformants were centrifuged 

at 3750 rpm for 10 min and resuspended to 1 x 109 cells per ml. A 100 µl volume of conidial 

suspension was mixed with 100 µl of the induced A. tumefaciens culture for a ratio of 100:1 A. 

tumefaciens cells per conidia, and 800 µl AB MES liquid media. Before plating the co-

cultivation, AB MES agar media was overlaid with sterile black Whatman paper trimmed to fit 

the 100 mm plate. A 200µl volume of the mixture for a total of 2 x 105 conidia and 2 x 108 

bacteria were plated onto the AB MES agar and spread for complete coverage using sterile glass 

beads. Co-cultivation was conducted without hygromycin selection at 28°C for 48 hrs. The black 

Whatman filter paper was then transferred to sucrose selection agar media (1.0% (w/v) sucrose, 
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0.3% (w/v) yeast extract, 0.3% (w/v) casein hydrolysate, 1.5% (w/v) agar, 150 µg/ml 

hygromycin, 100 µg/ml kanamycin) and allowed to grow at 28°C for 7-14 days until putative 

hygromycin resistant colonies appeared on the black filter paper. A piece of the filter paper 

containing the colony was cut from the selection plates and transferred to 24 well plates of SCM 

agar with 150 µg/ml hygromycin and 100 µg/ml kanamycin and grown at 25˚C to allow the 

colony grow and to sporulate. 

 
Fungal protoplast transformation 

A 25 cm2 section of mycelial cultures of M. oryzae strain Guy11 and M. oryzae strain 

Guy11 ∆ku80 were excised from a SCM plate and each added to a blender cup with 100 ml of 

sterile liquid complete media. For each strain, the mycelia were blended for two 20-second 

pulses on high speed and transferred to a 250 ml flask to shake at 180 rpm for 48 hrs. Blended 

mycelia were then filtered from the media using a sterile Whatman no. 4 filter paper until dry 

before transferring to a 50 ml Falcon tube for weighing. To conduct enzymatic fungal cell wall 

degradation, 2 ml 60 mg/ml Glucanex (β glucanase 300 U/g, lysing enzyme in 1 M sorbitol from 

Trichoderma harzianum (Sigma)) and 10 ml 1M sorbitol were added to the mycelia, and the 

reaction was allowed to continue for 4 hrs at 23°C. After 4 hrs, protoplasts were filtered through 

sterile cheesecloth to remove undegraded mycelia and debris and then passed through a sterile 

nylon filter membrane with 25 µm pore size. After filtration, the protoplasts were gently pelleted 

in a centrifuge at 3000 rpm for 10 min (Betts, 2007). The supernatant was removed and 

protoplasts were counted using a hemocytometer. Protoplasts were diluted to 5x108 

protoplasts/ml in 1M sorbitol, transferred to 1.7 ml microcentrifuge tubes in 200 µl aliquots and 

frozen at -80°C. 
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The plasmids pAM1640 and pAM1670 detailed above were also used for protoplast 

transformation. Frozen protoplasts were thawed on ice for transformation with plasmid DNA. A 

volume of 200 µl for a total number of 1 x 107 thawed protoplasts and 10 µl of plasmid DNA 

was added to each of three 12 ml snap cap plastic culture tubes for each of the two plasmids for a 

total of six transformation reactions. The tubes were incubated for 15 min at room temperature 

with 15 µl SuTC (20% sucrose, 50 mM Tris, pH 7, 50 mM CaCl2). After incubation with SuTC, 

1.0 ml 40% (w/v) PEG  8000 (polyethylene glycol 7000-9000 g/mol) in SuTC was added to the 

transformation mixture and the tubes were gently tapped to mix. The reactions were incubated an 

additional 20 min at room temperature. Next, 3 ml TB3 media (20% sucrose, 1% glucose, 0.3% 

yeast extract, 0.3% casamino acids) was added to each transformation mixture. The tubes were 

snapped closed and incubated while rocking at room temperature for 18 hrs. Following the 

incubation, the regenerated protoplasts were centrifuged at 3000 rpm for 10 min. The supernatant 

was carefully discarded and the pellet was carefully resuspended in the remaining media. An 8 

ml volume of regeneration top agarose (20% sucrose, 1% glucose, 1% yeast extract, 1% 

casamino acids, 1.5% agarose) was added to the culture tubes, mixed, and the mixture quickly 

decanted onto regeneration agar plates containing hygromycin (20% sucrose, 1% glucose, 1% 

yeast extract, 1% casamino acids, 1.5% agar, 150 µg/ml hygromycin) (Betts, 2007). The plates 

were incubated in a humidified 28°C incubator for 7-14 days to allow hygromycin resistant 

colonies to grow. 
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Storing transformants 

Cuttings of black filter paper containing putative transformants were subcultured onto 12-

well plates containing SCM with 150 µg/ml hygromycin. After the cultures were allowed to 

sporulate on selective media, spores were streaked onto SCM agar with 100 µg/ml hygromycin 

in a 24 well plate using a modified glass Pasteur pipette with the tip melted into a round end that 

was sterilized in 70% ethanol. The conidia were allowed to germinate for 8 – 24 hrs until hyphae 

could be seen under a dissecting microscope, emerging from the spore. These germinating 

hyphae were then carefully transferred to the center of a 24 well plate of SCM with 100 µg/ml 

hygromycin. The colony was surrounded by three sterile ~5 mm filter discs on the agar and 

allowed to grow onto the filter discs. After the mycelia had covered the discs, they were removed 

from the plate and placed into labeled sterile stamp collecting envelopes. These were stapled shut 

and placed in a freezer for storage at -20°C. 

For primary putative transformants that did not sporulate, sterile filter paper discs were 

placed around the colony on the 24 well plate and plates were allowed to grow for 7-14 days at 

28°C under constant light. After colonies  had grown over the filter discs, the colonies on filter 

discs were placed into labeled sterile stamp envelopes and stored at -20°C.  

 
DNA extraction 

DNA was extracted from putative transformants grown for 3-4 days in complete media 

(10 g/l glucose, 2.0 g/l peptone, 1.0 g/l yeast extract, 1.0 g/l of casamino acids, 1 ml/l trace 

elements, 1 ml/l vitamin supplement, 50 ml/l nitrate salts) without hygromycin in 24-well 

plates. A phenol-chloroform extraction protocol was used to collect DNA from protoplasts 

(Donglian, 2016). Cells were lysed in isolation buffer (150 mM EDTA, 50 mM Tris-HCl pH 8.0, 

1 % Sarkosyl (Sigma), 300 µg/ml Proteinase K), and DNA was extracted once with Tris-
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saturated phenol, twice with phenol:chloroform:isoamyl alcohol (25:24:1), and once with 

chloroform:isoamyl alcohol (24:1). Ethanol was then used to precipitate the DNA, which was 

resuspended in 1  ×  TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0). 

For larger scale DNA extractions, a second protocol was used. Mycelia were grown in 

liquid complete media in two wells of a 12 well plate for 6 days at 25°C, after which time the 

mycelial mats were removed and added to a 15 ml culture tube with 1 ml 0.7 M NaCl, 0.4 ml 

NaCl, and 0.2 ml Glucanex (60 mg/ml in 1 M sorbitol) to digest for 2 hrs at 28°C, mixing well to 

ensure the digested mycelium for release of protoplasts is homogenized after 1 hr of digestion. 

The protoplasts were centrifuged for 30 seconds in a microcentrifuge at full speed, after which 

the supernatant was removed and protoplasts were resuspended in 600 ul extraction buffer (50 

mM Tris-HCl pH 7.5, 100 mM EDTA, 0.5% w/v SDS, 0.3 M NaOAc). After incubating for 30 

min at 65°C, the suspension was extracted with 600 µl TE (pH 7.6) -saturated phenol and 

centrifuged for 10 min at full speed. The aqueous phase was then transferred to a fresh 

microcentrifuge tube, incubated for 15 min on ice after addition of 600 µl isopropanol, and 

centrifuged for 15 min at top speed to collect DNA for Southern blot analysis. 

 

PCR analysis  

To determine the state of the target CPS1 locus after transformation, the extracted DNA 

was analyzed by PCR and gel electrophoresis. Primer pairs were chosen to amplify target 

sequences: from the 5’ CPS1 flanking region to an internal hph sequence (Forward primer 

CGACTTGAGCTGTGATAGGT, Reverse primer ACAGACGTCGCGGTGAGTTC); from a separate 

internal hph sequence to a sequence in the 3’ CPS1 flanking region (Forward primer 

GACAATGGCCGCATAACAGC, Reverse primer TAGCTTGCCAGACACCATGT); the hph resistance 
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marker region (Forward primer CGCCGATGGTTTCTACAA, Reverse primer 

GACATTGTTGGAGCCGAA); and an internal region of the CPS1 DNA (Forward primer 

AGCTTGGCGAGCTGGACCG, Reverse primer AGTACCCGAGCGACTTTGGC), respectively  

(Figure 2).  

A) 

 

B)  

 

Figure 2: Gene maps created in MacVector software depicting A) the putative gene replacement sequence and B) the 

wild type CPS1 locus with the four PCR amplicon locations on the template. 

 

The four different DNA amplification reactions were conducted using GoTaq® Green 

PCR reaction premix (Promega) and a thermal cycler program of: 95°C for 4 min, 95°C for 30 

sec, 55°C for 1 min, 72°C for 1 min, repeat steps 2-4 35 times, 72°C for 10 min. The PCR 

mixtures were mixed with loading dye (30% glycerol, 2.5 mg/ml bromophenol blue, 2.5 mg/ml 

xylene cyanole FF) and loaded onto 0.8% agarose gels with 0.5 µg/ml EtBr and separation was 

conducted at 125 v. Gels were imaged using a UV transilluminator and camera (Figure 3). 
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Figure 3: Agarose gel images of the DNA and PCR reactions of putative transformants. A) Purified DNA after 

extraction. B) hph PCR C) 5’ CPS1 to hph PCR D) hph to 3’ CPS1 PCR E) CPS1 PCR. 

 

Southern blotting 

A Southern blot was performed to complement the PCR assays. Probes were generated 

by PCR from M. oryzae Guy11Δku80 DNA and radio-labeled with Cytidine triphosphate, 

labeled with P32radio-isotope (32P CTP). Three probes were designed to hybridize to the M. 

oryzae 5’ CPS1 flanking region, 3’ CPS1 flanking region , and a region of the CPS1 gene, 

respectively. Primer pairs were used to amplify probe DNA from M. oryzae strain Guy11 Δku80 

template DNA. For the 5’ CPS1 flanking region probe OAM 1454 
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GAGAAAAATCCCGTGATTGATGCCGTGGGTGCGACTCACTCAA and reverse primer OAM1455 

AATGCTCCTTCAATATCAGTTAACCCGTTGGCGACTCGACTCGT.  The 3’ CPS1 flanking region 

probe was amplified using forward primer OAM1456 

AGATGCCGACCGGGAACCAGTTAAGGATCTGCACTCCCCTGTAT and reverse primer OAM 1467 

GATCCATCTTGAGACCACAGGCCCCGCAATTGGTACGACACCTC . The CPS1 gene probe was 

amplified using forward primer OAM1486 AGCTTGGCGAGCTGGACCG and reverse primer OAM 

1487 AGTACCCGAGCGACTTTGGC (Figure 5A). 

The DNA of four putative transformants named, 21c (a putative transformant generated 

previously in the lab by S. Worley), 2-11, 3-1, 4-1 and the M. oryzae Guy11 Δku80 wild type 

strain was precipitated to ensure sufficient purity of DNA for restriction digests and Southern 

blot protocol.  A volume of 85 µl of each DNA sample was mixed with 8.5 µl NaOAc pH 6.0 

and 200 µl ethanol and incubated at 4ºC for 15 minutes in a 1.7 ml micro centrifuge tube. The 

reactions were then centrifuged at 14,000 rpm for 10 minutes, washed with 1 ml 70% ethanol, 

and dried for 5 minutes by leaving the micro centrifuge caps open with the tube inverted on a 

paper towel. The pellets were then resuspended in 300 µl TE pH 7.5 at 37ºC for 15 minutes. A 

volume of 50 µl 5 M NaCl and 40 µl CTAB buffer (1.5% cetyl trimethylammonium bromide 

(CTAB), 1.5 M NaCl, 10 mM EDTA, 0.1M HEPES pH 5.3) preheated to 65ºC. The reactions 

were incubated at 68ºC for 10 minutes. A volume of 500 µl chloroform:isoamyl-alcohol (24:1) 

was mixed with each reaction and agitated then centrifuges at 14,000 rpm for 5 minutes. The 

supernatant was transferred to new microcentrifuge tubes then 500 µl 

phenol:chloroform:isoamyl-alcohol (25:24:1) was mixed with the pellet. The reactions were 

agitated and centrifuged at 14,000 rpm for 5 minutes. The supernatant was transferred to a new 

microcentrifuge tube and mixed with 200 µl isopropanol pre-chilled to -20ºC. The reactions were 
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incubated at 4ºC for 15 minutes and then centrifuged at 14,000 rpm for 10 minutes. The 

supernatant was decanted as waste and pellets were dried for 30 minutes by leaving the caps of 

the micro centrifuges tubes open with the tubes inverted on a paper towel. The pelleted DNA 

was then resuspended in 100 µl TE pH 8 at 37ºC for 15 minutes. Clean DNA was stored at -

20ºC. 

The DNA was digested 1 h with restriction enzymes EcoRI, HindIII, and SalI. The 

digested DNA fragments were mixed with loading dye and molecular weight markers (KB+ 

ladder (Thermo-fisher) and λ-HindIII ladder prepared from phage DNA) were separated on a 

0.7% agarose gel in Tris-Borate-EDTA by electrophoresis at 125 v. After separation, the gel was 

stained with EtBr, photographed, and marked for orientation as well as for molecular weight 

marker band position. The gel was denatured in 1.5 M NaCl and 0.5 M NaOH for 30 minutes 

before the denaturing mixture was removed and the gel was neutralized with 3 M NaCl and 0.5 

M Tris-HCl (pH 7) for 30 minutes. The gel was overlaid with nitrocellulose and filter paper 

soaked in 20x saline sodium-phosphate-EDTA buffer (SSPE: 3.0 M NaCl, 0.1 M NaH2PO4, 25 

mM EDTA). The DNA was transferred to the nitrocellulose membrane through contact with the 

gel at room temperature overnight. The digested putative transformant DNA was then hybridized 

to the nitrocellulose using an ultraviolet crosslinker.  The DNA hybridized nitrocellulose 

membrane was blocked and probed by Dr. Mandel of the Orbach lab. The process was not 

recorded however, according to Southern, 2006, blocking would be performed in Denhardt’s 

solution (0.02% polyvinylpyrolidone, 0.02% Ficoll® (GE healthcare), and 0.02% bovine serum 

albumen) or an equivalent buffer. Additionally, Dr. Mandel prepared the radio-labeled probes 

from the probe DNA amplicons for the 5’ CPS1 flanking region which was the only probe used 

during the internship.  The probe was hybridized to the DNA on the nitrocellulose by wrapping 
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the membrane with a volume of the probe in plastic wrap. After incubation with the probe, the 

membrane was washed in SSPE to remove any residual probe before the nitrocellulose was 

allowed to dry (Southern, 2006).  

The Southern blot was exposed to X-ray film in a light proof cassette by placing the 

nitrocellulose membrane in contact with the X-ray film overnight to visualize the results. 

 

Results 

 Transformation was performed 4 times with the ATMT protocol and 2 times with the 

protoplast transformation protocol. The 6 transformation attempts combined yielded 37 putative 

transformants.  

All A. tumefaciens transformations were performed on conidia of the M. oryzae Guy 11 

∆ku80 parent strain. Each putative transformant from the A. tumefaciens transformations was 

given a serial number denoting transformation number, primary putative transformed colony, and 

a letter signifying the monoconidial picked to form a colony from the transformant; For instance, 

1-2a was transformed during the first transformation attempt, was the second colony picked from 

that attempt, and was formed from the first conidium picked from that putative transformant. All 

transformants generated by ATMT are listed in figure 5. 

Protoplast transformations were performed on both the M. oryzae Guy11 ∆ku80 mutant 

strain as well as the M. oryzae Guy11 parent strain. Putative protoplast transformants were given 

serial numbers beginning with either K for parent protoplasts from the M. oryzae Guy11 ∆ku80 

genetic background or G for parent protoplasts from the M. oryzae Guy11 genetic background, a 

number (1-5) representing the plate number from that transformation date, a capitol letter (A-C) 

representing the date of transformation in chronological order, and a number representing the 
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putative transformant number of that series. Putative protoplast transformants were stored but not 

analyzed during the internship. 

 

Figure 4: List of putative transformants generated through protoplast transformation. 

 

PCR analysis 

  Putative transformant genomic DNA was extracted and separated on 0.7% agarose gels 

in TBE stained with 0.5 µg/ml EtBr to confirm the presence of DNA sufficient for  PCR. 

Putative transformants were analyzed for CPS1 gene replacement by hph DNA using targeted 

PCR DNA amplification and gel electrophoresis. These assays can be characterized based on the 

presence or absence of a fragment of DNA of the expected size from each of the four PCR 

motifs; the presence of a band for the hph resistance marker internal amplification was a 

requisite for consideration as a putative transformant. Gene replacement of the wild type CPS1 
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allele with the hph marker gene would be considered successful if a 1350 base pair amplicon was 

detected representing the region spanning the 5’ CPS1 flanking region and the 5’ end of the hph 

resistance marker; if a 1400 base pair amplicon was detected representing the region spanning 

the 3’ end of the hph resistance marker and the 3’ CPS1 flanking region; there would be no 

amplicon for the internal region of CPS1 (Figure 2). 

Analytical assays were on-going at the end of the internship. There were two putative 

transformants meeting all of the success criteria that were fully characterized during the 

internship. These were labeled M. oryzae Guy11 ∆ku80 putative Δcps1 2-5p and M. oryzae 

Guy11 ∆ku80 putative Δcps1 1-4p respectively (Figure 5). These strains are from cultures of a 

primary transformants that did not sporulate and therefore were not purified to guarantee 

homokaryotic mycelia, however PCR analysis of the extracted DNA should report evidence of 

homokaryon vs heterokaryon if the gene replacement is confirmed in the putative transformant 

DNA. 

 

 

Figure 5: Table of PCR results. The two primary transformants that reported the expected successful transformation 

results are highlighted. 
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Southern blot analysis 

Southern blot analysis was completed on 4 of the putative transformants and the M. 

oryzae Guy11Δku80 parental strain (Figure 6). The DNA of the putative transformants was 

probed for a region associated with the CPS1 5’ flanking region.  The expected sizes of 

hybridizing bands are as follows: for the EcoRI digested samples a 4690 base pair fragment can 

be expected of a successful knockout as opposed to a 3711 base pair fragment in the wt; for the 

HindIII digested samples a 4132 base pair fragment can be expected of a successful knockout as 

opposed to 1154 base pair fragment in the wt; for the SalI digested samples a 1916 base pair 

fragment can be expected in either case. The samples analyzed by Southern blot were M. oryzae 

Guy11 wild type strain, and the putative transformants Δcps1 21-c, M. Δcps1 2-11, Δcps1 3-1, 

and Δcps1 4-1 (Figure 6A). The two putative mutants generated during the internship that 

suggested CPS1 gene replacement with hph when analyzed by PCR and gel electrophoresis, 

were not included in the Southern blot analysis because a homokaryon strain could not be 

generated from conidia. The analyzed putative transformant DNA did not report bands of 

expected size for either the wild type or gene replacement sequence at the CPS1 locus. 

A) 
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B) 

  

C)                                                                              D) 
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E)       F) 

 

 

G) 

 

Figure 6.  A) Probe alignment diagram displaying alignment for wild type and putative mutant 

DNA. B) Agarose gel image of probe DNA after PCR displaying bands for each of the three 

probes generated next to a no template PCR control for each of the primer pairs. C) Digest of the 

putative transformant and wild type DNA to check for potential issues with the digestion 

reagents. D) Genomic map of wild type and knock out loci with EcoRI, HindIII, and SalI 

restriction digest sites with resulting fragment size. E)  Southern blot analysis of the cps1 

knockout in M. oryzae Guy11. Image of Southern blot analysis of DNA from four M. oryzae 
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putative mutants compared to M. oryzae Guy11 wild-type DNA. EcoRI: wild-type: ~3711 bp; 21-

c: ~23,000 bp; 2-11: no signal detected; 3-1: ~8000 bp; and 4-1: no signal detected.  HindIII: 

wild-type:~1154bp; 21-c:~5500bp and ~3200bp; 2-11: no signal; 3-1: ~5000bp; 4-1: ~5500bp 

and ~3200bp. SalI: wild-type: ~1900bp; 21-c: ~1900bp and ~12000bp; 2-11: no signal; 3-1: 

~1700bp and ~4000bp; 4-1: ~1900bp. F) Agarose gel image of total DNA for Southern blot. G) 

Tabulation of results with report of expected bands vs unexpected bands. 

 

Orbach Lab Internship Discussion 

The Orbach lab internship provided an improved understanding of gene replacement and 

diagnostic techniques. The internship provided experience in diagnosing issues that arise while 

conducting gene knockout in a filamentous fungus as well as DNA diagnostic techniques. Over 

the course of the internship, a practical education was able to establish the beginnings of a set of 

skills to refine for a career in biotechnology with the potential for working with fungal 

organisms. Challenges inherent to the internship project highlighted topics for critical thought 

and investigation. 

There may be an overlooked complication inherent in the method of developing a M. 

oryzae CPS1 knockout mutant. The protocol requires identifying homokaryon putative mutants 

by screening fungal spores. There is a possibility that a M. oryzae Δcps1 mutants may have 

impaired conidiation, the process by which fungus of the phylum Ascomycota produces asexual 

spores. Because identification of putative mutants relies on the production of conidia to screen 

for homokaryon strains, a successful knockout lacking conidiation ability may be omitted by this 

protocol. If the project to generate M. oryzae ΔCPS1 mutatnts is resumed in the Orbach lab the 2-

5 putative mutant could prove interesting if investigated further. 
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If the transformations and subsequent characterization had been more successful during 

the internship, the research would have progressed to rice infection assays. Stable mutants would 

have been compared to wild-type M. oryzae to assess any changes in virulence of the mutant. 

The Southern blot analysis was inconclusive regarding the status of the CPS1 locus of the 

putative transformants. The wild type DNA displayed the expected bands suggesting that the 

protocol was successful in its ability to detect CPS1 locus 5’ flanking region DNA. None of the 

putative mutants displayed bands that matched either the expected bands for wild type or mutant 

DNA. There were bands of the expected size for putative transformants 21c, 3-1, and 4-1 in the 

except for the SalI digested DNA however, there were also unexpected bands in each case. There 

were no bands for any of the three digests for putative transformant 2-11. 

The Southern blot analysis was to be performed three times per set of samples for a 

complete set of data using probes targeting the CPS1 5’ flanking region, CPS1 3’ flanking 

region, the CPS1 gene and the Hph gene to complete the data set. Heterokaryon mutant strains 

have the potential to confound data designed to be informative about the genetics of putative 

transformants. Regardless, it may prove beneficial to continue work to characterize the primary 

transformants 1-4 and 2-5 because of the PCR analysis results on these putative mutants. 

Southern blot analysis may reveal more about these strains. 

In March 2016, Wang et al. published an article in the Current Genetics journal the 

details of the generation and characterization of a successful M. oryzae Δcps1 mutant strain 

through ATMT. The product of CPS1 has been described for Coccidioides posadasii, 

Cochliobolus heterostrophus, and M. oryzae as a AMP-binding domain protein, and in M. oryzae 

has been shown to be involved in conidiation and pathogenesis. M. oryzae Δcps1 mutants 

displayed a decline in conidiation, producing no more than three conidia per conidiophore. These 
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conidia also grew about 10 µm longer than their wild-type counterparts, and about 2 µm thinner 

on average. When rice plants were exposed to M. oryzae Δcps1 conidia, the null mutants showed 

a decrease in virulence, with fewer rice leaf lesions observed over time. The mechanism of 

decreased virulence was shown to be due to dysfunctional appressorial penetration and poor 

development of hyphae. To confirm that the decreased conidiation phenotype was indeed due to 

a disruption of M. oryzae CPS1 in the null mutants, a complementation vector containing M. 

oryzae CPS1 was introduced to the mutant. Of the fourteen transformants collected, all of them 

regained wild-type conidiation. In the developed appressorium, expression of M. oryzae CPS1 

was high, and upon disruption of the gene, there was an observable change in the expression 

levels of genes known to be involved in conidiogenesis, conidial morphogenesis and 

pathogenesis. 

 
BIOTECH Project Internship 

The BIOTECH Project conducts outreach predominantly to the Tucson and Phoenix 

community through K-12 science education. An internship in the BIOTECH project allows the 

graduate student to gather the skills necessary to communicate scientific understanding 

effectively, working not only with students, but also educators. The project maintains a stable 

base of educators and funding through the Joint Technological Education District (JTED) and 

other education-based initiatives. The project provided an opportunity to produce and test a 

fungal biology activity as well as receive feedback from educators on how to make subtle 

improvements for integration into the classroom. 

The BIOTECH Project provides a platform for graduate students to connect with students 

who might otherwise miss the opportunity to get into science. Many of the schools participating 

in what BIOTECH offers have a large percentage of students from demographics 
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underrepresented in typical science education curricula. These students have potential to serve 

the community as a resource for innovation and passion in the field of biotechnology if given the 

opportunity. It is a shame to miss the creativity and advances in science that may come from 

these underrepresented groups. 

The goal of the BIOTECH internship under Dr. Anderson was to plan and design an 

activity for outreach education that would allow for a marketable product within time constraints 

before graduation. The project needed an informative, well-designed activity that high school 

teachers could use to establish connections between the natural world and the scientific 

discoveries that have led to our modern advances in technology and medicine. The advances 

gained from the study of fungi have been extremely important to human life and longevity 

making the task at hand an important endeavor. 

Dr. Anderson’s goal for the internship was to expand the curriculum of the BIOTECH 

Project by increasing the number of activities available to high school teachers, and to 

incorporate fungal biology into the curriculum. Classroom activities through the BIOTECH 

Project should, if possible, apply the techniques that the students have learned through previous 

activities, and ideally would serve as the starting point for students looking to design their own 

research projects. This method builds incrementally on the student's understanding to connect 

information, which can be applied as tools to understand phenomena or answer questions in 

science. 

 

Penicillium Antibiotic Effect Activity 

A Penicillium fungal contaminant on one of the BIOTECH lab culture plates became the 

impetus for a wide-reaching protocol which has already been implemented in several local high 
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school classrooms. The activity began as a teaching moment for the undergraduate students in 

Dr. Anderson’s lab about Sir Alexander Fleming’s discovery of a Penicillium fungus on a 

bacterial plate, and his description of a ‘zone of inhibition’ between the fungus and the bacterial 

lawn. His findings would lead to the discovery of penicillin and usher in the golden age of 

antibiotics (American Chemical Society International Historic Chemical Landmarks). The 

Penicillium Antibiotic Effect activity is a set of experiments that were designed, optimized, and 

ultimately implemented in the classroom. An article on the Penicillium antibiotic effect activity 

was submitted to the American Biology Teacher journal and is currently being reviewed for 

publication. The story of Fleming’s discovery highlights the serendipity that sometimes occurs in 

science. This activity imparts an understanding that discovery can happen purely by chance, but 

that science still requires an observant and thoughtful mind to be able to seize such opportunities 

when they arise. 

Briefly, students employ spectrophotometry to quantify and normalize a P. chrysogenum 

spore suspension. The students calculate a dilution of spores for optimal inoculation into liquid 

media. After 3 days growth, bacterial cultures are inoculated for growth overnight. The following 

day, students quantify bacterial concentration using spectrophotometry and calculate a dilution of 

bacterial culture to normalize an optimal co-culture inoculation and control inoculation into 

sterile media. On the final day, the effect of the co-culture on a bacterial species is compared to 

the control culture to quantify the effect of the P. chrysogenum on that bacterial culture. The 

bacterial cultures chosen represent known variation in susceptibility to penicillin to communicate 

the phenomenon of variable antibiotic sensitivity. 

There were many considerations required to design the experiment appropriately. For 

example, the high school classroom is limited in the available equipment to conduct such an 
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experiment. Sophisticated bioreactors and research grade conditions are impossible for the 

majority of classrooms that stand to benefit from the Penicillium project. An established 

relationship with Tucson area high school teachers allowed an open dialog about the available 

equipment that would be reasonable to expect. The activity was then designed and optimized to 

function using only what was either already available to the students in their classroom or would 

be reasonable for the BIOTECH Project to lend to the class for the activity.  

 

BIOTECH Internship Discussion 

 The Penicillium antibiotic effect activity was first introduced to high school educators 

from Tucson and Phoenix during a workshop offed by the BIOTECH project in the summer of 

2016. Since that workshop, four different classes at three different schools have performed the 

set of experiments. Modifications to the original protocol due to the experiences of the teachers 

and students in the classroom have optimized the activity for classroom needs. So far, students at 

Tucson high school and Pueblo Magnet high school in Tucson, and Basha high school in 

Phoenix have performed the Penicillium antibiotic activity successfully. The BIOTECH project 

has seen a substantial increase in the number of individual student research projects investigating 

either antibiotic resistance or fungal biology hypotheses. Before the introduction of the 

Penicillium activity, one high school research group had requested materials to conduct 

antibiotic resistance assays using pure antibiotic compounds on filter discs. As of the 

introduction of the Penicillium activity, five groups have so far requested materials including 

Penicillium cultures to conduct their own versions of the activity. In addition, three other 

research groups have conducted research into fungal biology including a bioremediation study 

using the “turkey tail” fungus Trametes versicolor, an investigation into field sampling fungi on 
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selective media using vegetable matter to “bait” potential antibiotic producing fungi, and a host 

specificity study of the entomopathogenic fungus Beauvaria bassiana. 

 
Concluding Remarks 

The internships detailed above established challenges which required intellectual, 

academic, and personal improvement. Mastering techniques both scientific and administrative 

was not a trivial endeavor. It is precisely because of difficulty that confidence is broken and 

reformed such that skill is honed. Like an instrument forged by a blacksmith, the graduate 

student is subjected to intense environments and experiences to emerge as something formed for 

a purpose. The future holds no guarantees except that there will be more challenges ahead. The 

ABS-PSM program has prepared me to better understand science discipline and appreciate the 

value of focus and diligent thought. I will continue through life with far more consideration as I 

move forward thanks to the lessons learned through my academic and internship experiences. 
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