
 

                      We have introduced three new antibiotic resistance genesðBBa_K1021001, 

BBa_K1021002, and BBa_K1021003ðto the Parts Registry. These genes confer resistance to 

geneticin, hygromycin, and bialaphos, respectively. We isolated each of these from fungal 

transformation vectors and performed three rounds of site-directed mutagenesis to remove il-

legal internal cut sites via silent mutation. These parts have also each been assembled into ten 

composite parts to be expressed under the control of constitutive fungal and viral promoters. 

 

We tested the functionality of 

the composite part BBa_K1021033 

ðthe hygromycin resistance gene  

under the control of the T7  

promoterðin E. coli BL21-AI  

using a zone-of-inhibition assay.  

As shown in the figure to the right,  

the construct was able to confer a  

highly significant (p<0.005)  

level of hygromycin resistance to  

the cells.  

 

We have also been able to demonstrate the functionality of BBa_K1021001, the geneticin re-

sistance gene, via direct transformation into Cochliobolus heterostrophus. 
 

                      Transformation of fungi relies on the  integration of a construct of interest into the 

genome of the  target cell. For reasons that remain unclear, many fungi are able to incorporate 

foreign DNA via random insertion into the genome. However, this process has extremely low ef-

ficiency relative to homologous recombination, a process that is ubiquitous among all organisms.  

We attempted to transform Cochliobolus heterostrpohus with our engineered constructs via ran-

dom insertion and discovered that the inefficiencies of the process rendered it nearly impossible 

to isolate successful transformants. We have since been able to transform Cochliobolus using a 

vector called pNG that contains a multiple cloning site flanked with regions from the Cochliobo-

lus genome. With this vector, we have been able to transform BBa_K1021001 into Cochliobolus 

and demonstrate its ability to confer geneticin resistance. 

In the future, we would like to be able to efficiently transform  

Ganoderma lucidum as well; however, because it is not as well- 

characterized as Cochliobolus, vectors containing homologous  

sequences are not readily available. To fix this problem, we  

isolated the DNA of our strain of Ganoderma and amplified out  

the 5ô and 3ô regions of glyceraldehyde 3-phosphate dehydrogenase  

(gpd) and submitted these to the Registry (BBa_K1021011,  

BBa_K1021012, BBa_K1021013, BBa_K1021014).   

 

                  We have successfully submitted two new fungal promoters 

(BBa_K1021007 and BBa_K1021010) and a new terminator (BBa_K1021008) 

to the Registry, and are working to isolate a strong constitutive promoter from the 

genome of Ganoderma lucidum, as well as the inducible pectate lyase promoter 

from Aspergillus nidulans. We are also collaborating with iGEM Wageningen to 

characterize their promoter and terminator parts, BBa_K1023001 and 

BBa_K1023002, in our fungal chassis organisms. Our most novel regulation 

mechanism is the use of T7 RNA Polymerase, expressed constitutively under a 

fungal promoter, to selectively and strongly express fungal genes under the con-

trol of the T7 promoter. This has been an effective tool in engineering  bacterial 

and mammalian cells; we hope to demonstrate its use in fungi for the first time. 

 

                    Our two largest concerns with commercialization of our genetically engineered 

product were horizontal gene transfer and loss of biodiversity, and to lessen these concerns we 

focused a lot of our effort on preventative safety mechanisms. When implemented, our kill 

switch system would allow us to quickly initiate cell death. Successful implementation of the 

kill switch system would greatly decrease the chance that our fungal strain could outcompete 

other organisms and decrease biodiversity. Our kill switch is composed of holing, which de-

grades the cell membrane, and a chitinase gene (BBa_K1021006) that is able to degrade the 

chitinous cell wall. 

The Cre-Lox recombination system would allow us to remove any potentially harmful genes 

from the organism before its implementation. We are most concerned with eliminating horizon-

tal transfer of antibiotic resistance genes. While these genes are necessary for the selection of 

transformed organisms, once such an organism is isolated, the gene is  

useless and potentially dangerous. Utilizing the Cre-Lox  

recombination system on our transformed strains after  

selection but before market implementation  

would greatly decrease the chance of horizontal  

gene transfer.   

 

                       In order to characterize our promoter library more easily, we assembled a five 

constructs with green and red fluorescent protein downstream of viral and fungal promoters. 

While we have been unable to characterize the relative strengths of the fungal promoters 

thus far, we have demonstrated that the transcriptional regulation of  the T7 promoter allows 

for high levels of expression in BL21 when a bacterial Shine-Dalgarno sequence (RBS) is 

present.  

 

                                               T7+GFP+RBS and T7+GFP constructs in E. coli BL21 were  

                                               examined for their relative fluorescence (fluorescence/OD600). 

                                               A T7 construct in E. coli BL21 without downstream elements  

                                               was utilized as a control along with the use of the aforemen- 

                                               tioned constructs in E. coli DH5�r�X��As can be seen from the  

                                               graph there were evident differences in peak fluorescence be- 

                                               tween the T7+GFP+RBS construct and the T7+GFP construct  

                                               and controls. The T7+GFP+RBS construct appears to have a 20 

                                               fold higher fluorescence than T7+GFP or the controls.   

 

As an extension of our goal to characterize our fungal toolkit with fluorescent proteins, we decided to show that a 

series of genes in a metabolic pathway could also be modified and engineered into fungi. For this, we decided to use the carote-

noid pathway. Carotenoids are organic pigments that are found in a wide variety of organisms used for functions such as photo-

synthesis and protection from light. The relevant carotenoid genes have been previously 

BioBricked by the Edinburgh team in 2007, 2008, and 2011, and we modified their Bi-

oBricks for our purposes.  

We used the section of the carotenoid pathway composed of crtE, crtB, crtI, and crtY. 

The starting compound in this carotenoid pathway is farnesyl-pyrophosphate (FPP). 

FPP is a compound critical to the production terpenes and sterols, and so many organisms naturally produce FPP, including our 

chassis. crtE is responsible for converting FPP into geranylgeranyl-pyrophosphate (GGPP). Then crtB converts GGPP into phy-

toene. Phyotene is then converted into lycopene, which is the first compound in this pathway to provide a color, by crtI. From 

lycopene, the red pigment can then become �t-carotene and produce an orange color with the use of crtY. 

We are assembling a number of operons for carotenoid expression, with appropriate regulatory mechanisms for viral regulation 

in bacteria and fungi, as well as constitutive fungal regulation in fungi. 

 

Genetic manipulation of Cochliobolus het-

erostrophus requires us to create protoplasts 

from the growing fungal tissue. This is a 

complex and time-consuming process that 

involves an enzymatic digestion to selec-

tively degrade fungal cell walls without lys-

ing the cells. The fragile cells are then incu-

bated with insertion DNA in the presence of 

polyethylene glycol, allowing the DNA to 

diffuse in and integrate into the genome via homologous recombination or 

random insertion. 

We have successfully generated Cochliobolus protoplasts; however, our 

attempts to make Ganoderma protoplasts have been largely unsuccessful. 

Therefore, in order 

to transform 

Ganoderma, we are 

now turning to Ag-

robacterium tume-

faciens-mediated 

transformation 

(ATMT), a method 

commonly used for plants and some fungi. ATMT takes advantage of 

Agrobacteriumôs natural ability to transfect plant and fungal cellsð

with intact cell wallsðby replacing the native, tumor-inducing DNA 

insertion sequence with any genetic construct. We hope to develop this 

methodology for genetic manipulation of G. lucidum. 

 

  Ecovative has encountered problems with mold and other fungal contamination during the growth phase 

of their biomaterial. These once mixed with the culture, these contaminants can outcompete the growing mycelium. These fungi 

compete in standoff where opposing fungal species will secrete enzymes designed to halt the growth of the competitor. During 

our collaborations with Ecovative we identified various Aspergillus species (especially Aspergillus fumigatus, Aspergillus niger, 

and Aspergillus brasiliensis) as likely and potentially harmful contaminants. To help reduce the harmful effects of these contam-

inants on the growing mycelium, we decided to pursue expressing antifungals in the growing mycelium to combat the Aspergil-

lus species.   

Expressing an antifungal within a fungus seems rather risky, as it 

could very well harm the desired mycelium as much as or even 

more than the contaminants. In our research, however, we found an 

antifungal protein from the bacteria Streptomyces tendae that has 

specific activity toward Aspergillus species and is benign to many 

other fungi tested. This antifungal protein will contribute to the 

standoff phenomenon and should give our mycelium a competitive 

advantage over its contaminants.  

The goal of Organofoam is to develop a fundamental toolkit of genetic 

parts for engineering complex fungi, particularly plant-pathogenic basidio-

mycetes. We were inspired to do so by a local company, Ecovative Design, 

that uses lignin-degrading fungi and plant matter to produce a biodegrada-

ble Styrofoam substitute. The existing product that we are seeking to im-

prove, known as ñmushroom packaging,ò is a sustainable and necessary 

alternative to Styrofoam. Polystyrene can take hundreds of years to de-

grade in landfills, produces dozens of identified chemical toxins upon 

combustion, and is tremendously inefficient to recycle, thus posing diffi-

culties for disposal and polluting the environment. However, the produc-

tion efficiency of Ecovativeôs substitute suffers due to contamination from 

pathogenic molds, a problem that we seek to solve using synthetic biology. 

Using the complex, plant-pathogenic basidiomycete, Ganoderma lucidum, 

as a chassis, we are expanding the accessibility of fungal genetic engineer-

ing and demonstrating its utility for commercial purposes.  

The iGEM organization has a strong history of developing tools to support industries 

in need. However, most of these results are lost post-competition as a result of a lack 

of funding and awareness. We are tackling this issue by cultivating a direct collabo-

ration with Ecovative Design, which will ensure continued utility of our genetically 

engineered product after competition. Through our collaboration, Organofoam will 

continue to help solve a pressing environmental issue for years to come.   

Our novel approach this year encouraged us to tailor a scientific project to the needs 

and goals of a client. From the beginning of our brainstorming process, we have been 

focusing on how we can cater our project to fulfill their specific needs. We have tak-

en great care to guarantee that our results will be safe for the company to implement 

upon completion. We stayed in constant contact with Gavin McIntyre, the Chief Sci-

entist at Ecovative, about how our research will contribute to the manufacturing pro-

cess, keeping in mind during the design and execution of our project that our work 

will affect a product that is currently serving a growing market.   

Since few iGEM teams have partnered directly with a corporation in the past, we 

were faced with the task of developing a new approach to safely apply our research 

in synthetic biology to a consumer-ready product, a task that led us to fostering an 

equitable, bidirectional interchange of ideas with a company.  

Over 14 million tons of polystyrene 

are produced globally each year. Of 

this, the vast majority ends up in land-

fills, where it will remain intact for 

over 500 years, or in the ocean, where 

it can be ingested by and cause dam-

age to marine biota. Polystyrene pro-

duces dozens of chemical toxins upon 

combustion, thus posing difficulties 

for disposal. Recycling of Styrofoam 

is incredibly inefficient at all levels; it 

suffers from low rates of recovery, it is 

expensive to sort and transport, and 

the actual process of recycling it in-

volves high temperature and pressure 

conditions that consume large 

amounts of energy. Over 200 cities 

across America have already banned the harmful substance. 

The product that we are seeking to improve, known as Mushroom Packaging, is a 

sustainable and necessary alternative to Styrofoam. Ecovativeôs alternative requires 

only two feedstocks, fungal inoculum and sterilized plant matter, both of which readi-

ly degrade in the environment. The fungi used in their products are not typically used 

for food purposes and can be easily isolated and grown in controlled conditions. The 

feedstocks can include any form of plant matter, as cellulose is the key component 

needed in the final product, but the material properties vary with the feedstock. They 

have found that dense materials like stalks and seed husks, under-utilized components 

of agricultural waste, are optimal for their production. In this way, they are able to 

avoid using components that are in higher demand, such as food crops or even com-

post and develop a product that is completely sustainable.  

�ŸSubmitted a comprehensive toolkit of 30 novel BioBricks to standard-

ize fungal genetic engineering 

�ŸDemonstrated the functionality of several components of our toolkit 

�ŸDeveloped and successfully implemented a transformation procedure 

for a complex fungus 

�ŸEstablished a corporate partnership, thus bridging the gap between 

synthetic biology and the consumer market 

While we have made significant progress towards the standardization of fungal genetic engineer-

ing, we hope to take our work much further. We plan to: 

�x�� Characterize all of the components of our toolkit in Cochliobolus heterostrophus, 

�x�� Continue our work on the transformation of Ganoderma lucidum via Agrobacterium tumefa-

ciens-mediated transformation, 

�x�� Develop a strain of Ganoderma that is commercially deployable, containing the antifungal pro-

tein and all of the necessary biosafety mechanisms, and share this with our corporate partner. 

Our hope is that the genetic constructs and protocols that we have shared with the scientific and 

industrial community will be adapted for use in other applications. Many species of fungi pro-

duce medically-relevant compounds, naturally chelate toxins, or develop symbiotic relationships 

with plants. Our toolkit will allow researchers to harness these natural capabilities and positively 

impact the pharmaceutical, bioremediation, and agricultural industries. 

 

We have designed and begun construction of a feedback-controlled in-

cubator. This will allow us to scale up our fungal cultures by providing 

a favorable growth environment. Our incubator is a low-cost solution 

that can be constructed from easily obtained materialsðour current 

prototype was built for under $400. Currently, we have mechanisms in 

place for temperature and humidity control, with future design consid-

erations for light and CO2 control.  

Our feedback mechanism relies on the basics of control theory.  For our 

heating and humidity circuits, inputs from the sensors are fed into our 

microcontroller, where error is calculated.  Output is then adjusted ac-

cordingly.  Oscillation around the specified control point occurs until 

system stability has been reached. We have demonstrated that our feed-

back control systems for temperature and humidity are functional. 

To combat rising costs and regulations, firms are increasing the prices of their 

products. According to a report by the 

Wall Street Journal, bioplastics volume 

is predicted to grow 30% globally over 

the next 10 years due to increasing de-

mand for eco-friendly packaging, 

whereas the projected increase in de-

mand for polystyrene packaging is less 

than 1% . We also conducted surveys 

of the community that revealed that consumers would, on average, be willing to 

pay 50% more for a biodegradable Styrofoam substitute. These changes will en-

courage a decrease in the price difference between Styrofoam and the genetically 

engineered substitute, making our product an economically viable alternative.  

To compare the eco-friendly material to its competitors, we used a rubric created 

by the Colorado Mycological Society that encourages researchers to develop a bio-

degradable substitute to harmful disposable products. The areas we researched in-

clude product toxicity, raw material toxicity, carbon footprint, biodegradability, and 

sustainability. Based 

on the following 

chart, it is clear that 

the environmental im-

pact of the genetically 

engineered product is 

negligible compared 

to that of current 

mainstream materi-

als.   

We also performed a Comprehensive Environmental Assessment on our product 

that motivated many of the aforementioned biosafety and economic considerations. 
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Escherichia coli BL21-AI is a lab 

strain of E. coli that can be used 

for the expression of genes under 

the control of the T7 viral promot-

er. BL21-AI cells contain T7 RNA Polymerase 

downstream of the araBAD promoter, which 

can be induced by arabinose and repressed by 

glucose. This gives us tight control over the 

expression levels of T7-regulated gene con-

structs, and allows us to tests these constructs 

in a simple organism before working in fungi. 

BL21-AI cells were used for much of our pre-

liminary characterization. 

Cochliobolus heterostrophus 

is an ascomycete that is rela-

tively simple to cultivate in 

a lab setting. We chose to 

work with Cochliobolus as a preliminary 

fungal chassis due to its genetic tractability 

ðit readily undergoes homologous recom-

bination, rendering it ideal for gene inser-

tion and deletion at specific sites. We have 

been able to transform Cochliobolus and 

plan to continue characterization of our 

toolkit (described below) in this organism. 

Ganoderma lucidum is the chassis 

that we ultimately plan to engi-

neer. It is a complex basidiomy-

cete that is a model organism for 

the Agaricomycetes, the class of lignin-

degrading fungi that Ecovative uses in their 

product. Ganoderma displays a trimitic hyphal 

physiologyðits mycelium contains generative, 

skeletal, and ligative hyphaeðthat allows it to 

form a mycelial network with the appropriate 

material qualities for Ecovativeôs product. We 

are working with a North American strain that 

has never been transformed before. 


