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iGEM uncovered : UW undergrads take on the world 
of  synthetic biology

To understand creation has arguably been one of  
man’s longest-standing innate yearnings.  From the An-
cient Greeks to the early scientists who first observed 
cells under a microscope, the science of  life was largely 
characterized by observation and discussion.   

Centuries later, American scientist Joshua Lederberg 
demonstrated the ability of  single-celled bacteria to 
exchange genes, the basic units of  heredity.  For that 
experiment, Lederberg won the Nobel Prize in 1958 – it 
was the beginning of  the molecular revolution in genet-
ics.  Discovering the natural process of  gene exchange 
in bacteria led to its imitation: if  a bacterium could take 
up genes from another bacterium, why not from another 
source?  Out of  the resultant proliferating excitement, 
came the birth of  a new field in applied science: “syn-
thetic biology”.  By selecting, based on their particular 
functions, specific regions of  genetic code – either from 
a natural source or synthesized in vitro – and introducing 
them into a host cell such as a bacterium, the synthetic 
biologist could engineer an organism with entirely novel 
functions.  For the first time, man emerged from his role 
as the passive observer and began to play the active role 
of  engineering life itself. 

But can one really program a cell the way he programs 
a computer?  In January of  2003, engineering students 
at the Massachusetts Institute of  Technology (MIT) is-
sued a challenge: “can simple biological systems be built 
from standard, interchangeable parts and operated in 
living cells?  Or is biology simply too complicated to be 
engineered in this way?”

The overwhelming response to their question led 
to the foundation of  the first international Genetically 
Engineered Machines competition (iGEM) in 2004.  The 
“competition” is in fact a year-long effort in which 
undergraduate student teams from all over the world 
attempt to design and build a novel biological system.  
At a “Jamboree” held in November, teams present their 
projects to a global audience.

Dr. Marc Aucoin is a professor in the department of  
Chemical Engineering who also serves as a faculty advisor 
to the UW iGEM team.   In an interview with Imprint, 
he highlighted the significance of  the Jamboree: “The 
weekend competition at MIT is not only the culmina-
tion of  a year’s worth of  work [;] it is a place where the 
unimaginable is brought to fruition by undergraduates.”

The same kind of  amazement is not lost on Shira 
Davis, who was one of  the 15 undergraduate students 
from the UW iGEM team who traveled to MIT this past 
November to attend the 2008 iGEM Jamboree.

“The calibre of  some of  the projects is shocking,” 
remarked Davis. “Slovenia, for example, made a vaccine 
for ulcers, and last year they tried to cure AIDS.  It really 
drives you to be imaginative and try to take on challeng-
ing work.”

Other projects that impressed Chemical Engineering 
undergraduate Hillary Yeung, who first worked on the 
iGEM project in as a summer co-op student, include: 
“a synthetic blood substitute…and even a drug delivery 
system [–] all genetically engineered from bacteria.”

Yeung also noted that the competition emphasizes the 
engineering principle of  standardization, as well as the 
notion of  open source biology.  At the beginning of  the 
summer, each team receives a kit containing standard “Bio-
Bricks” with which to construct their new organisms. 

“BioBricks are standard biological parts, [DNA se-
quences], that share the same interface,” explained Yeung.  
This compatibility, she said, makes it easier to create new 
biological constructs.

All BioBricks, whether existing or new constructs, are 
stored in a readily accessible toolbox-like database called, 
the Registry of  Standard Biological Parts.  The Registry 
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the beginning of  the summer, each team receives a 
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The 2008 iGEM competition saw 84 teams from 
over 20 countries share their engineered biological 
systems on an international platform.  From the 
University of  Waterloo, members of  the UW iGEM 
team presented their design of  a bacterial “genome-
free expression system”.

National Geographic defines the genome of  an 
organism as “the total DNA sequence that serves 
as an instruction manual for all [observable prod-

ucts] created in [its] body.”  If  an organism loses its 
instruction manual – in the case of  UW iGEM’s 
project, through a genome-degradation pathway 
– it becomes unable to replicate.  The case with 
bacteria can be simplified even further, because the 
organism is unicellular.  Without its genome, the 
resultant cell lacks the genes that code for its most 
important survival mechanism – replication – and 
basically exists as a “genome-free” sack of  intracel-
lular fluid, that is, a sack of  cytoplasm.  

Herein lays the crux of  UW iGEM’s 2008 project: 
if, into this sack, one had introduced an “extra”, 
self-replicating, small circular piece of  functional 
genetic code, then that sack would express the spe-
cific products coded for on that circle.  But given 
the small yield of  one bacterium, or even a few 
hundred of  them, it is advantageous to have many 
copies of  this small circular DNA piece, called a 
plasmid.  So one programs the genome to degrade, 
but only after the cell has reproduced many copies 
of  itself  – and of  the plasmid.  Meanwhile, to avoid 
the simultaneous expression of  the plasmid and the 
genome, genes on the plasmid can be repressed 
until the genome has finally been degraded.  Once 
this happens, the cell demonstrates “plasmid-driven 
expression”: that is, it only expresses the products 
that are encoded on the plasmid – and it continues 
producing the products until its cellular resources 
are exhausted.  At this point, the bacterium, unable 
to replicate, “expires.” The result is what scientists 
call “transient expression” – that is, a temporary 
production of  desired products.

“Another benefit to a bacterial expression sys-
tem is that it can carry out certain functions only 
in response to specific environmental signals,” said 
Danielle Nash, UW iGEM student director.  “This 
has important implications for target-specific delivery 
of  a compound of  interest.”

To illustrate her point, Nash gave an example 
of  an agricultural application.  Since the late 20th 
century, farmers have been using pesticides to fight 
the effects of  insects eating away at their crops.  Many 
of  these pesticides are sprayed in excess and are not 
very environmentally friendly.  If  one could engineer 
a synthetic pesticide to be produced only in response 
to a chemical released by a specific insect, it would 
localize pesticide generation and also minimize the 
amount of  unnecessary introduction of  pesticides 
to the environment.

There are also therapeutic applications.  “For 
instance,” continued Nash, “we wouldn’t want to 
introduce into a patient’s body live bacteria that could 
replicate freely, potentially leading to infection or 
other complications. By degrading the genome of  
the system before delivery to the patient … [we limit] 
the amount of  bacteria introduced and [ensure] that 
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also addresses some key social, ethical, and moral 
implications.

“There has…been significant controversy in the 
past and even now, about introducing genetically 
modified organisms into the wild,” Nash said.  “The 
ability to have these cells ‘self-destruct’ prior to ap-
plication reduces [the] chances of  introducing any 
engineered genetics components into the wild.”

So with all this exciting talk about a feasible 
genome-free expression system, how did the UW 
iGEM team fare at the 2008 iGEM competition?

“Our team earned a bronze medal for 2008, as 
did many other teams, so of  course there’s room 
for improvement,” said a humble Nash.

She explained that while UW’s 2008 project 
dealt with finding a possible means to control the 
expression of  products, it didn’t include applica-
tion-specific plans for what bioproducts they might 
want to express.

The 2009 project, then, she said, will focus on 
building on the original expression system itself, as 
well as deciding on a particular application.

Still, the project itself  is not the only test the 
UW iGEM team will tackle in the upcoming year.  
Lab space, funding, and recruitment of  younger, 
dedicated team members are critical to the team’s 
future success.

At present, the iGEM lab is hosted, “gener-
ously,” within biology Prof. Dr. Trevor Charles’ 
own laboratory.  But sharing lab space can be 
restricting, and Nash acknowledged that the team 
has to seek out “longer-term solutions for team 
space requirements.”

There is also the need to provide a tangible 
structure — and possibly incentives — to potential 
team members.

Dr. Barb Moffatt of  Biology, a faculty advisor 
on the UW iGEM team, told Imprint: “This team is 
running on the good will and heroic efforts of  a few 
students who provide the real glue and leadership to 
the team.”  But, analogous to the limited resources 
that temporarily fuel their expression system, good 
will and heroic efforts can also be exhausted.

Moffatt, who is involved with the team’s fund-
raising efforts, explained that among other benefits, 
funding would help make being an iGEM leader 
“more attractive”, and hopefully, add some consis-
tency to the team’s leadership and schedule.

For Dr. Charles, the prerequisite for funding and 
recognition is straightforward (though probably 
more complex to achieve): “They need to raise their 
profile at UW.”

“Perhaps as we become more established, we 
can do more public outreach and education,” said 
Moffatt optimistically.  The team will be hosting 
an “open lab” on Campus Day to showcase the 
iGEM efforts.

Finally, there is the matter of  recruiting members 
for the long-haul.  

“Sustaining the team in years to come is a big 
concern,” acknowledged John Heil, a biomedical 
sciences student whose role on the UW iGEM 
team has been fundamental to the current project’s 
research and design.

In fact, Heil, like the majority of  his “key” fellow 
iGEM members, shares the one problematic charac-
teristic that flails them all: he’s in his fourth year.

“I think the biggest challenge right now is to 
come up with a program for dealing with the rapid 
turn-over in the team,” said Applied Mathematics 
professor and UW iGEM team founder, Dr. Brian 
Ingalls.

“What we are trying to do is seed the concept 
of  iGEM to younger students — first and second 
year,” said Dr. Aucoin. “And [to] have them get 
involved as soon as possible so that we can build 
the continuity that a team [and an] annual competi-
tion requires”

And after the initial sowing of  that seed of  
interest, comes the practical issue of  picking the 
ones that will flower.  Of  the recruitment process, 

Danielle Nash said, “The challenge now is to attract 
the best students — in terms of  research potential 
moreso than grades — from a broad variety of  back-
grounds so we can really achieve the kind of  synergy 
that’s needed to accomplish great things in the area 
of  synthetic biology.”

This kind of  synergy is the real fruit of  interdis-
ciplinary research, and it is what drives so many of  
those involved in the iGEM efforts.  The current 
students and faculty members on UW’s iGEM team 
represent a true kaleidoscope of  the diverse academic 
disciplines.

Jordan Lapointe, for example, is a mathematical 
physics undergraduate who co-ordinates the math-
ematical modeling efforts in the UW iGEM project.  
His work on the team involves adjusting parameters 
and using computer simulations to model the effect 
that a specific protein might have on the genome of  
a cell.  “A lot of  the things we learn in my program 
can be applied just as well to swinging pendulums and 
heat transfer as to biological modelling,” he said.

Added Ingalls, “Synthetic biology provides a new 
substrate for those theoretical tools.”

Still others on the team are engineers: Hillary Yeung, 
a chemical engineer undergrad, and Somil Barghava, 
a student in nanotechnology.

“I think that UW’s strengths in engineering stand 
to put us in a unique position in this type of  inter-
disciplinary competition,” said Nash.

In a continued effort to encourage this kind of  
powerful interdisciplinary collaboration, Dr. Moffatt 
has started a new Synthetic Biology Project course at 
UW, BIOL 349, effective January 1, 2009.  Under the 
guidance of  a faculty advisor, students in this course 
will design a synthetic biology project and partici-
pate in weekly journal club sessions with iGEM lab 
members and faculty.  Moffatt described the course 
as “self-directed,” “open-ended,” and as “something 
[that does not lend] itself  to a traditional class room 
setting.”  While the course has limited enrollment, 
it also has no pre-requisites, making it possible for 
students from any faculty to participate.  

“We hope that by having students in different 
programs [and] faculties take this course [,] they will 
provide each other with complementary expertise and 
synergistic learning opportunities,” Moffatt said.

There is continued hope that BIOL 349 students, 
as well as others, will be in a better position to make 
meaningful contributions to the UW iGEM team, and 
to the world of  biological engineering as a whole.

Although a relatively novel field, students and staff  
on the iGEM team are confident in what the future 
of  synthetic biology holds.

“People say this is biology’s century, as the twentieth 
century was for Physics,” said Ingalls.  “We are just 
beginning to understand and to manipulate the most 
sophisticated technology on the planet: life.”

If  you think you have what it takes to be an iGEM 
member and are interested in exploring the burgeon-
ing world of  synthetic biology, the UW iGEM team 
will be holding a recruitment session on Tuesday, 
January 13 from 5:45 to 6:30 pm in RCH 308, as 
well as a brainstorming session on Thursday, January 
15th from 5:45 to 7:00 pm in RCH 308 to discuss 
possible applications for the bacterial genome-free 
expression system.  Students are advised to check 
the UW iGEM Team wiki (igem.uwaterloo.ca) for 
confirmation of  locations, and to come to sessions 
prepared, by reading up on the team’s 2008 project 
(links to their presentation at the 2008 Jamboree are 
included on the right).  Applications for the 2009 team 
are available on the UW iGEM Team wiki, due the 
following Friday, January 16 at 5:00 pm, and can be 
dropped off  at B1-377B. 

Danielle Nash reminds interested students that 
academic background is second to candidates who 
exhibit self-motivation, initiative, and commitment to 
learning the ropes.  The team is especially looking for 
students with background in mathematical modelling 
and systems design, and for graduate student advisors 
from science, mathematics, and engineering.

achiang@imprint.uwaterloo.ca

 “What we are trying to do is seed the concept of iGEM to younger 
students - first and second year - and [to] have them get involved 

as soon as possible so that we can build the continuity that a team 
[and an] annual competition requires.”

To learn more about iGEM and the UW team, visit:
the UW iGEM team wiki: http://igem.uwaterloo.ca
the 2007 Waterloo team project wiki: http://parts.mit.edu/igem07/index.php/Waterloo
the 2008 Waterloo team project wiki: http://2008.igem.org/Team:Waterloo
the official iGEM website: http://igem.org

Watch or read the UW iGEM team’s presentation at the 2008 Jamboree at MIT:
Watch: http://2008.igem.org/files/video/Waterloo.mp4
Read: http://2008.igem.org/files/presentation/Waterloo.pdf

All iGEM teams’ presentations and posters can be accessed: http://ung.igem.org/Results

Questions can be directed to the team email address: uwigem@gmail.com

The UW iGEM team is generously supported by: the Mathematics Endowment Fund, the Dean of 
Science, and the Department of Biology.

get involved

Aletheia Zoe Chiang
staff reporter
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