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Polycyclic aromatic hydrocarbons (PAHs) are carcinogenic toxins

with long degradation periods that cause them to build up and have

a negative impact on the surrounding ecosystem. Currently, there is

no efficient method to degrade these pollutants after removal, and

as such, this was the focus of our project. 

Team iGEM McMaster proposes a dual-bacterial biofilm degradation

system containing two engineered E.coli strains: one expressing

genes from the upper NAH7 degradation pathway from P.putida, for

enhanced naphthalene degradation, and one with increased

sensitivity to the autoinducer, AI-2, for enhanced biofilm formation.

The team aims to set up this system within a microbial fuel cell

(MFC) bioreactor for simultaneous energy generation. 

Mathematical models of naphthalene degradation and biofilm

formation indicate and validate the value of AI-2 in improving the

naphthalene degradation capacity of a bioreactor, increasing

degradation 20-fold compared to an AI-2 deficient control.

Want to learn more? Check out
Team iGEM McMaster's
Instagram, Facebook & Twitter
@igemmcmaster



Objective
The goal of this research is to set up a synthetic biology enhanced MFC bioreactor that

harnesses two engineered bacteria working in tandem in order to improve the degradative

capability as well as the power generation of MFCs. This will be achieved by engineering two

strains of E. coli: one expressing genes from the upper NAH7 degradation pathway for

naphthalene degradation, and one with increased sensitivity to the autoinducer, AI-2, for

enhanced biofilm formation. Bacteria in biofilms exhibit quorum sensing, and as a result

have been shown to have higher redox activity, thus, they can aid in the capture of

naphthalene. Increased breakdown from the NAH7 pathway coupled with increased redox

activity should lead to both better degradation and better energy production. Mathematical

models of naphthalene degradation and biofilm formation will be made in order to validate

the naphthalene degradation and energy production rates in this setting.

Purpose

Value of this Research
The initial project direction was inspired by an

ongoing contaminant remediation project in

Hamilton Harbour. Due to industrial processes dating

back to the 1800s, Randle Reef contains 695,000 m³

of PAHs. Currently, a containment facility is in place

which isolates highly contaminated sediment, but

there is no plan for disposal or degradation. As such,

Team iGEM McMaster sought to devise a synthetic

biology-based solution to PAH degradation. They

found that adhering pollutant-degrading enzymes to

a solid support, such as a biofilm, generally increased

the efficiency of bioremediation. Additionally, this

system is one that is often used MFCs.

Enhancing naturally
found degradation
abilities in bacteria

by engineering a
more efficient

biodegradation dual
bacterial system.

Randle Reef Containment Site.  
Image taken from a  2021 article by Teviah Moro at the Hamilton Spectator.

https://www.thespec.com/news/hamilton-region/2021/06/18/hamilton-harbour-randle-reef-dredging.html


Key Techniques: Wet Lab Experimentation

Wet lab experimentation
goes hand-in-hand with dry
lab modelling validation!

Biofilm ContentBacterial Growth
Conditions
In order to ensure that the bacteria can

survive in Hamilton Harbour, E. coli will be

grown in media that simulates Harbour

conditions (40mg/L phosphorus, oxygen

depletion, higher TSS levels & temperature,

select PAH to be nutritionally rich in

medium and deplete other nutrients). 

To validate the bacterial growth parameters

used in modelling, the OD600 of each

bacteria strain will be recorded at standard

intervals. Additionally, naphthalene

degradation will be measured at

continuous intervals for each test group.

Restriction enzymes will be used to clone

the upper operon of the NAH7 gene from P.

putida into the E. coli strain BL21 (DE3)

enabling it to produce naphthalene-1,2-

dioxygenase (N-1,2-O). 

Additionally, in order to facilitate and

improve biofilm formation at the anode in

the MFC, an improved quorum sensing

system will be built in another E.coli strain

by increasing sensitivity to the autoinducer,

AI-2. This will be done by using an enhanced

feedback loop to over-express certain genes

of the lsr operon, lsrACDB and lsrK, which

aids in internalizing and phosphorylating AI-

2. This will be a luxS knockout strain in order

to set extracellular AI-2 synthesis as a

control variable for modelling and

validation. 

Thus, these two organisms will co-exist

within the biofilm at the anode, enabling

the degradation of naphthalene and a more

robust biofilm to aid with enzyme

immobilization and efficiency of the MFC.

Visual representation demonstrating how the lsrACDBK genes will be transformed into
the plasmid backbone, maintaining the enzyme prefix and suffixes - EcoRI, XhoI, SpeI, and

PstI - according to the BioBrick Registry guidelines.



For more information on the
Randle Reef Containment

Facility, head to their website!
 

Note that their remediation plan
does not include a method for

disposing of the contained
material.

Key Techniques: Wet Lab Experimentation

 First, expression and transformation of

just the NAH7 upper operon will need to

be validated using qRT-PCR to quantify

the respective RNA levels and gene

expression. This will provide a base value

for naphthalene degradation.

 In the other E.coli WT strain, once the lsr

operon is activated an AI-2

internalization curve will be used to

monitor its consumption and

characterize biofilm formation.

A recombinant plasmid can be produced

that reflects increased AI-2 sensitivity.

Again, the new transformation will be

validated.

These experiments will be repeated on

AI-2 synthesis, intake, and naphthalene

degradation.

To test sensitivity:
1.

2.

3.

4.

System Efficiency
Comparison
After the MFC system is set up, each of the

different test cases will need to be monitored 

 to confirm the hypothesis that a combined

system works more efficiently. 

The purpose of this comparison is to show that

the dual-bacteria biofilm interaction with

increased AI-2 sensitivity yields higher

naphthalene degradation than a system with

purely N-2,1-O at the anode.

Plasmid design for transforming the upper 
operon of NAH7 into E.coli BL21 (DE3)

http://www.randlereef.ca/


Key Techniques: Dry Lab Validation

Mathematical Modelling
The dry lab team is currently working on

mathematical models to predict the behaviour

of the team's dual-bacteria system. They make

use of SimBiology to model the expression of a

naphthalene-degrading enzyme from the

NAH7 plasmid in E.Coli, as well as the

conversion kinetics of that enzyme. They will

do the same with the lrs operon that will be

modulated in a different strain of E.Coli. 

Overall, these results will provide some

preliminary insight into the efficiency of the

modified bacteria in degrading naphthalene,

and forming biofilms. They will also let the

team construct a growth model for their

bacterial biofilm in a hypothetical lab setting.

Model Overview
The final bioreactor can be modelled

using genetically modified E. coli bacteria

with a sensitivity to autoinducer 2 (AI2),

and Pseudomonas putida. The primary

outcome is naphthalene (NAP)

degradation, measured using the

concentration of salicylate, a metabolite

of naphthalene, within the bioreactor and

naphthalene concentrations in bacteria.

The goal is to test, under various

conditions, the effectiveness of AI2 in

improving naphthalene degradation.

Parameters for wet lab use in future

experiments have also been evaluated in

the dry lab. An overview of the bioreactor

model is seen in Figure A. 

 Model Results
The model will be tested under various

conditions. Figures A and B represent two

methods used to evaluate the validity of

the hypothesis. An example of a condition

that was used is shown in Figure B. Figure

B compares an AI2 deficient control with

the full model that includes the AI2

pathway. In the control condition, the

amount of naphthalene taken up by the

cell (purple) and the amount of salicylate

produced (yellow) due to naphthalene

breakdown is in the order of 10^-20. In the

experimental condition, the amount of

salicylate is higher, jumping up to an

order of 10^-19. In fact, at t=20 hours,

there's around 20 times more salicylate in

the condition with AI2 than the one

without. These results are consistent with

the hypothesis that AI2 can effectively

increase naphthalene uptake. 

Additionally, by varying the ratios of

naphthalene-degrading bacteria to AI2-

producing bacteria in the initial

conditions, it was found found that a

mixture which contains more

naphthalene-degrading bacteria is

optimal for degradation.

A

B



Human Practices

Water Pollution in Hamilton
Randle Reef in Hamilton Harbour has been designated an area of concern because it is

highly contaminated by polycyclic aromatic hydrocarbons (PAHs). These PAHs have

accumulated over years of industrial pollution and have caused Hamilton Harbour to

become a site of toxic wastewater. Although there is an initiative by the government of

Canada to remove PAHs from Hamilton Harbour through the use of containment

facilities, there are still gaps when it comes to efficiently degrading PAHs once they are

removed from the environment. 

As students of McMaster University and citizens of the Hamilton community, the iGEM

McMaster team believes that they have the responsibility to give back to their local

community and improve the environment and its surrounding ecosystems. The team's

project introduces a more sustainable way to clean up Hamilton Harbour. 

Stakeholder Engagement
The team has also engaged with stakeholders to inform

their project. They have interviewed Mr. Mark Bainbridge,

the Director of Water and Wastewater Planning at the City

of Hamilton, and Dr. Gail Krantzberg, a professor of

Engineering and Public Policy at McMaster University with

a background in Great Lakes remediation. These

stakeholders provided them with valuable advice for

integrating their project with current remediation systems,

applying for regulatory approval, and researching other

instances where genetically modified organisms have been

used in bioremediation. These stakeholders are

instrumental in guiding the team’s future research and

project development.

It is their hope that in the future, not only will this project benefit the Hamilton community, but all

other communities that are in need of efficient methods to degrade carcinogenic toxins like PAHs.

Their work can also be applied in other contexts, such as the remediation of other PAH-

contaminated sediments in Canada and the bioremediation of other toxins such as lead.

McMaster's iGEM
project is specifically
designed to address
a problem in their
local community.



From the McMaster iGEM Team to You!

The best way to learn science is to do science. Expose

yourself to science inside and outside the classroom.

This includes taking science courses throughout high

school and pursuing a major or minor in science. It also

includes participating in science fairs, case

competitions, and research initiatives in your

community. There are endless career opportunities in

science - allow yourself to explore the various areas of

scientific research and never limit yourself!

~ McMaster iGEM Team

The above note was written in answer to the question: What advice would
you give to a high school student who is interested in pursuing the
sciences?


