
 

Sample SWEP Proposal A 
 

Project & Job Description: 
Project Description 
 
Plastics are ubiquitous in modern society in part as they are cheap to produce and they have many important 
uses and benefits, such as food packaging and medical masks. Unfortunately, plastics, including microplastics, 
have become major environmental contaminants. It is estimated that for every 5 kg of fish in the world's 
oceans, there is 1 kg of plastic. Each year, an additional 8 megatons of plastics leak into the environment. This is 
in large part a consequence of an inability to effectively recycle most plastics. Indeed, despite various consumer 
recycling programs, only 9% of global plastic production has been recycled. The low rates of plastics recycling 
are due to a combination of current recycling methods not being economical compared to virgin plastics 
production, and an inability of current techniques to adequately deal with mixed plastics and contaminated 
plastics (e.g., food contamination). 
 
Microbial or enzyme-based biodegradation is a promising alternative to traditional methods of plastics 
recycling. Bio-based recycling technologies are expected to be lower cost and to produce relatively low 
emissions compared to traditional recycling methods. These technologies have the potential to break down 
individual plastics polymers selectively from mixed plastics wastes, and to potentially exhibit tolerance to 
contamination, facilitating the recycling of plastics that are currently sent to landfills. Moreover, biochemical 
conversion of plastics into other molecules of high value could displace fossil fuel derived products and provide 
a means of recovering value from plastics wastes. Unfortunately, bio-based plastics recycling technologies 
remain at a very early stage of development, and for many plastics, microbes and enzymes able to efficiently 
degrade the plastics remain unidentified. 
 
The Open Plastic consortium aims to significantly advance the state of plastic biorecycling in Canada and 
abroad. We aim to accomplish this by identifying and engineering plastic-degrading microbes and enzymes, 
through to development of processes to support this process on an industrial scale. In my research group, we 
are focusing specifically on the identification of enzymes and microbes that biodegrade the plastics 
polyethylene (e.g., plastic grocery bags), polystyrene (e.g., styrofoam packaging), PVC (e.g., car parts), 
polypropylene (e.g., medical masks), and nylon (e.g., clothing) from the gut microbiome of insects and from the 
microbiome of waste plastic collected from Lake Ontario. Preliminary studies from others have provided 
evidence that various insects can seemingly eat plastics and that this ability is dependent on the microbes in 
their digestive tracts; however, the specific enzymes and microbes responsible for this fascinating ability have 
yet to be discovered. In the diCenzo lab, we have observed that mealworms and superworms are capable of 
chewing on and injesting plastic bags (polyethylene), packaging styrofoam (polystyrene), PVC films, and medical 
masks (polypropylene). We have generated metagenomes for plastic-fed insects using high-throughput 
sequencing technologies, and we have isolated and performed whole genome sequencing of ~1,400 microbes 
following enrichment with plastics. We have additionally identified an enzyme putatively able to degrade nylon 
from bioinformatic analyses of our microbial strain collection. 



 
 
Summary of the Role 
 
By the start of the SWEP position, we will have generated ~ 100 metagenomic datasets to explore changes in 
insect gut microbial communities in response to being fed different plastics. We will also have isolated and 
performed whole genome sequencing on ~1,400 microbes (bacteria and fungi) from plastic-enrichment 
experiments, and performed a preliminary screen to determine which isolates are potentially able to degrade 
plastics. Lastly, we will be in the process of biochemically characterizing at least one enzyme active on plastics. 
The student hired through this posting will work closely with others in the group to analyze these datasets, the 
characteristics of the isolated microbes, and/or assist in the characterization or improvement of plastic 
modifying enzymes. The specific role of the student will be adjusted to match the student's interests and career 
aspirations. Depending on the student's interests, this role will involve either (i) wetlab microbiology or 
biochemistry research, (ii) drylab computational biology studies, or (iii) a combination of both. Two possible 
projects include: 
 
1) Characterization of the isolated microbes. This could involve high-throughput microbial growth assays to 
validate the potential of a microbe to degrade plastics, attempting to isolate natural variants with an improved 
ability to use plastics as a source of carbon, or using mutagenesis approaches to identify genes required for 
degradation of plastics. In addition, the student could be involved in comparing the genomes of the strain to 
identify genes unique to the plastic-degrading microbes as such genes might encode enzymes able to modify 
the plastics. 
 
2) Biochemical characterization of enzymes able to depolymerize plastics. This could involve protein 
purification, in vitro enzyme assays to determine the kinetic properties of the enzyme, and site-directed 
mutagenesis to identify important residues. In addition, the student could be involved in searching in-house 
and public sequence databases for related proteins that might also depolymerize plastics but with differing 
properties (e.g., better thermotolerance). 
 
Duties and Responsibilities 
 
Depending on the precise direction of the role, as determined by student interest, student responsible may 
include: 

- Preparing bacterial growth media 
- Maintaining liquid and solid bacterial cultures using aseptic technique 
- Isolation of genomic DNA from microbial cultures 
- Analysis of high-throughput DNA and RNA sequencing data 
- Assembly and annotation of metagenomes using command line tools 
- Gene phylogenetic analyses using command line software 
- General lab maintenance associated with the project, such as autoclaving pipette tips 
- Keeping a log of daily activities and the results of experiments (i.e., a lab notebook). 
- Preparing a final report summarizing all work, including figures of the data 
- Presenting progress and challenges to other lab members during lab meetings 
- Interacting with other team members on a daily basis 
 



 
Although experience with some of these tasks is preferred, candidates are not required to have experience with 
these tasks as we will train the successful candidate in these skills. 
 
Required Qualifications 
 
- The applicants should have strong critical thinking, communication, and inter-personal skills, and should have 
interest in microbiology, genomics, and/or genetic technologies. 
- Applicants should preferably have experience in maintaining a lab notebook and/or sharing results of 
experiments through written reports or oral presentations (e.g., PowerPoint presentations). 
- It is preferable, but not required, that candidates have experience with one or more of the following: aseptic 
technique, maintenance of microbial cultures, working with purified DNA, and working with a computer 
programming language. 
- It is not necessary for candidates to have previous experience with microbiology, computational biology, or 
the specific methods that will be used in this project, as we will train the successful candidate in these skills. 
 
Relation to Queen's University's strategic goals and the greater Kingston community 
 
The primary objective of this project relates to the development of new biotechnologies to recycle plastics and 
thereby prevent them from entering the environment and causing ecological devastation. As such, this research 
program falls squarely within Queen's University's research theme "Sustainability, Environment and Resources", 
sub-theme "Protecting the Natural Environment". This project also directly contributes to two pillars of Queen's 
University's strategic framework. By addressing an international problem with state-of-the-art methods, this 
project will contribute to the University's "Research Prominence" while creating an outstanding "Student 
Learning Experience". More broadly, this research has the potential to lead to novel microbial and enzymatic 
technologies to reduce the environmental impact of plastics across Canada including the local area. An 
improved environment would benefit both the Local and Global populations. 

Does this opportunity engage in or support research?: 

Yes 

Learning Plan: 
Skills and Activities 
 
My aim is to provide the student the training required to succeed in their future career. Demonstrating my 
commitment to their success, I will schedule weekly one-on-one meetings with the student to discuss progress, 
challenges, and any other topic the student wishes to cover. I also hold weekly lab meetings with the entire 
research group, providing the student ongoing opportunities to be immersed in the broader research program 
in the group, to engage with team members, and to develop presentation skills. Additionally, the student will 
have ongoing opportunities to interact with senior lab members, who will provide additional mentorship and 
training to the student. 
 
The proposed position will provide an outstanding learning opportunity for a Queen's University student. The 



 
student will have the opportunity to gain hands-on experience with state-of-the-art methods in molecular 
genetics and microbiology, complementing the theoretical knowledge gained through their coursework. In 
addition to these wetlab skills, the student will have opportunities to develop skills 
in bioinformatics and computational biology through the analysis of high-throughput sequencing data and 
metagenomes. As such, our group is uniquely positioned to provide the student an opportunity to develop both 
wetlab and drylab research skills. Considering that molecular biology is increasingly relying on computational 
analyses, this project will equip the student with the skills required to succeed in biotechnology, academic, 
pharmaceutical, or government research careers. Additionally, the student will have the opportunity to 
gain experience using modern instrumentation, which is directly transferable to future academic or industry 
careers in microbiology, molecular biology, and/or biotechnology. 
 
Aside from scientific skills, this position will also provide the student numerous opportunities to 
develop transferrable professional skills. Science is challenging, and it is common that experiments do not 
work on the first try; for example, no product may be observed after attempting to PCR (polymerase chain 
reaction) amplify of a segment of DNA. Experimental "failure" is to be expected and is not an issue. The 
important thing is for the student to recognize that something did not work as expected, and to come-up with 
possible solutions, such as modifications to the protocol, to increase the likelihood of success on the next 
attempt. This constant need to overcome challenges will force the student to expand their problem-solving 
skills. The student may work on two or more parallel aspects of the project at once, meaning they will have to 
wisely manage their time (on both daily and weekly time schedules) to avoid overlapping time commitments. 
Planning of experiments will contribute to improved time management and organizational skills. The student 
will be required to maintain a detailed log of all experiments performed and all data collected, to serve as a 
permanent record of all the work they complete in the laboratory. This lab notebook needs to be sufficiently 
detailed and organized to ensure that I or future students can look through it and understand exactly what was 
done. The process of keeping a lab notebook will help the student develop their organizational skills. 
 
The student will work closely with myself and other members of my research team studying plastic 
biodegradation. This daily interaction will foster the development of collaborative and interpersonal skills. We 
hold weekly lab meetings involving the entire team (currently 15 people). These weekly meetings will provide all 
team members opportunities to present progress, to troubleshoot, and for general discussion. As they involve 
semi-formal presentations, involving PowerPoint slides, these meetings will provide outstanding opportunities 
for the student to develop their oral communication skills. In addition, the student will prepare a final report 
summarizing the research activities they performed during their position as well as all results from their 
experiments. This report will serve as a reference documentation of what was done and the results of the lab, 
and it will be of value to myself and future team members continuing the student's project. To ensure that the 
process of preparing the report is also of value to the student, I will provide extensive, in-person feedback on 
the report, highlighting what was done well and suggestions for changes in the future (including why I think 
each change should be made). In this way, preparation of the final report will provide a great opportunity for 
the student to develop written communication skills. 
 
Unique Opportunities 
 
This position is part of the multi-disciplinary Open Plastic consortium that I co-lead, which consists of 21 
research groups across multiple institutions (Queen's University, University of Toronto, University of Waterloo, 
McGill University, University of Laval, University of Auckland), as well as numerous industrial and municipal 



 
partners. Throughout the duration of the position, the student will have the opportunity to interact with our 
many partners - particularly those located in the Departments of Chemistry and Chemical Engineering at 
Queen's University - providing a unique and outstanding learning environment. 

In addition, the student will have the opportunity to virtually attend the Canadian Society of Microbiologists 
Annual Meeting, which is a Canadian microbiology conference held in the summer that attracts hundreds of 
participants annually. The 2024 conference had options for either in-person or virtual registration. My 
understanding is that the Canadian Society of Microbiologists intends to continue offering a virtual option going 
forward, which will increase accessibility and allow participation by those unable to travel to the event. The 
SWEP student will be registered to virtually attend this multi-day conference, with registration fees covered by 
my research funding. Virtual attendance at the conference will provide the student a unique opportunity to 
network with leaders in the field, to hear about exciting research occurring in Canada, and to provide a poster 
presentation on their research project and thus develop their communication skills 

Depending on progress of the research project undertaken by the student, the student will potentially have the 
opportunity to be a co-author on the eventual peer-reviewed publication describing this project. 

 

 


	Project & Job Description:
	Does this opportunity engage in or support research?:
	Learning Plan:

