
This diagram shows how 
our human practices work 
puts our project into 
context. 
We have analysed several 
overlapping areas to find 
out where our project sits 
within synthetic biology 
research, how it responds 
to legislation and public 
opinion and how it might 
be useful in the future. 

Synthetic biology is a new field. We think that a new field needs its own subset of 
tools that it can co-evolve with, rather than basing everything on standards 
established decades ago. Our research has let us see that about half of the iGEM 
projects are tool-based while the other half are purpose-based. We hope to 
provide tools that will facilitate the jobs of future iGEM teams as well as enable 
safer and easier work in the field of DIY biology, an area we have also researched 
and put into context with iGEM in general and our project in particular. 

Tools That Make Synthetic Biology Easier and Safer 
�� Questioning Legacy and Friendliness 

There is a huge amount of 
information about how the 
public feel about science. 
Instead, we asked scientists 
about their perceptions of the 
public. The interviews were 
assembled into a sound piece 
where different thoughts and 
opinions overlap and sit 
alongside each other. 

We categorised last year's 
iGEM projects into problem-
driven and tools-based 
groups to see how teams 
respond to the freedom of 
picking any type of project. 

We have researched the 
topic of DIY biology and 
crowdfunding and examined 
whether our projects can be 
useful for citizen scientists. 
We also examined the 
relationship between iGEM 
and the DIY bio community. 

1 Jensen et al. (2010). Engineering of a synthetic electron conduit in living cells. PNAS 107, 19213-19218  

Introduction Ideal chassis?  

<  We want an ideal chassis to 
replicate Registry plasmids. Our 
characterisation shows that all 
but one of the tested plasmids 
(containing different replicons) 
were successfully transformed 
into C. freundii. 

Our characterisation shows that C. freundii can grow 
with salt concentrations higher than that of most 
seawaters (20 - 40g/l  on average). This could be 
particularly advantageous in the future when we may 
lack the luxury of growing bacteria in drinking water in 
large scale applications. 

Growth on M9 minimal media plates 
or liquid cultures containing different 
types of sugars showed that C. freundii 
is capable of using a variety of carbon 
sources.                                                        > 

No whole genome sequences exist for C. freundii, so we had  the genomes of two 
strains sequenced at The University of Newcastle by Dr Wendy Smith and Professor 
Anil Wipat with IonTorrent Sequencing. 

To the best of our knowledge, no 
other iGEM projects have yielded 
genome sequencing data before, so 
this is a first for our team, Europe 
and iGEM in general. 

These results show that C. freundii 
Grows well on cellobiose as the sole carbon 
source which makes it suitable for biomass degradation experiments. 

Conclusion 
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We looked into the characteristics which make a chassis ideal by assessing Citrobacter 
�(�Œ���µ�v���]�]�[�• �~�Zthe friendly lemon bacteria�[�• potential as a synthetic biology chassis.  

We are writing a blog 
about a future where 
synthetic biology is 
common. 

Citrobacter freundii �t Sugary, Salty, LacI-less, 

Genome sequenced, Replicon and BioBrick compatible 
 

Novel (counter)selectable markers �t 
CscA, NfsA, DhlA, kanR+Plac+sacB+RFP  
 

Bio-electric interface �t Electron transport, 

Half cells, Biodetector, Modelling 
 

Human practices �t Interviews, Tools vs Problem  

based projects, DIY biology, Failures, Crowdfunding,  
       Safety & Legislation, Blog 

We designed a regulated electron export system based on the MtrCAB system from 
Shewanella oneidensis in order to connect electrical and biological systems.  

Electrons are generated in the TCA cycle, then transported by 
CymA/NapC and MtrA to reach MtrC that can reduce 
extracellular electron acceptors. It is possible to engineer 
Escherichia coli  to reduce iron [1] and, as an extension, 
generate electricity. 

We BioBricked napC, cymA, mtrA and 
ccm and characterised napC, cymA and 
ccm using haem staining technique.  

< We obtained repeatable reference 
results from wild-type  E. coli and S. 
oneidensis. S. oneidensis experiences a 
faster voltage drop, so we plan to use 
its proteins in E. coli. 
 
< We developed a growth-based arsenic 
biosensor with an electric output that 
we can detect. 

We put a note in the elevator asking people what 
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These replicons are therefore compatible with C. freundii. 

We thought C. freundii 
might be perceived to be 
more friendly but where 
do we get these 
assumptions from? 

Use this QR code 
to visit our wiki. 

 Alternative (Counter)selectable Markers 
Many iGEM projects that would involve the release of an organism into the 
environment remain in the laboratory because one of requirements for a 
GM organism to be released is that it has no antibiotic resistance markers. 

< We successfully BioBricked nitroreductase (nfsI). 
We determined it has counterselection potential 
because of the profound growth inhibition of nfsI 
cells in comparison to control in aerobic liquid 
medium with 150 ug/ml metronidazole (a pro-drug 
that gets converted to its active form by NfsI). 

We were unable to clone the dhlA (haloalkane dehalogenase, toxic to cells grown on 
dichloroethane) gene and pre-BioBrick characterisation data indicated that is it not 
suitable as a counter selectable marker. Fail. 

Alternative counterselection 
- nfsI, dhlA and sacB  

 Non-antibiotic selection - sucrose hydrolase (cscA)  
< Transforming E. coli K12 with BioBricked sucrose hydrolase (cscA) 
allows them to grow with sucrose as a sole carbon source which 
they normally cannot do. Our plate (and liquid 
culture) characterisation shows that cscA is suitable as a selectable 
marker as only cscA cells (bottom) are growing on minimal media 
with sucrose while control cells (top) are not. The cells were plated 
onto sucrose plates directly after transformation.  
Following this rationale, we have developed a theoretical selection 
system for C. freundii based on xylitol. 

< We  improved  the  previously 
BioBricked counter selectable 
Marker sacB (levansucrase, lethal 
to cells when grown on sucrose) by 
preparing a Plac-RFP-sacB construct 
and a kanR-Plac-RFP-sacB selection-counterselection 
cassette.  

Selection and counter selection are normally done with antibiotic resistance genes. We 
questioned this legacy and started developing novel (and improving established) 
marker systems which do not rely on them. 

FUTURE 
AWESOMENESS 
IS 
LIKELY 

EdiGEM used the the stochastic 
language Kappa and its 
implementation KaSim 3.0 to  
model the MtrCAB electron 
transfer system in Escherichia 
coli. First, we divided the whole 
system into sub-processes 
which are combined at the end. 

The amount of different elements of the 
system was varied in order to find a 
bottleneck for the system. The figures 
below show how the amount of Complex I 
affects the system. 

We concluded that Complex I and Complex 
II are bottlenecks for the system when 
considered as a whole. NapC and flavin are 
bottlenecks only with respect to their 
corresponding sub-systems. 

Bio-electric Interface 

Human 
Practices 
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