
Engineering a novel bacterial population control system
Kimberley A. Owen, Alexander J. H. Fedorec, Chris P. Barnes
Department of Cell & Developmental Biology, UCL, London, UK

kimberley.owen@ucl.ac.uk

 Synthetic Biology is a field that applies ‘engineering tools and 
principles to design novel biologically-based parts.

Goal: a live bacterial therapeutic that can remain in the human gut to 
kill pathogens associated with poor colon cancer outcomes.   
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This work presents a microbial population control system, to overcome  
bacterial competition, that is highly controllable with selective killing.

Current probiotics are limited in their efficiency by their inability to 
remain in the human gut for prolonged periods of time. 
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Figure 1: Diagram of the microbial population win-lose cycle. A) Engineered 
bacteria (orange) compete with other bacteria (blue) in a cycle that allow them 
to co-exist. Bacteriocins (red dot). Chemical signal (orange triangle). B) cartoon 
of win-lose outcomes of bacterial competition. 
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Probiotics are outcompeted by native microbes in the human gut, this is 
because the competitive exclusion principle states that two species with 
identical niches cannot co-exist indefinitely. Our SPoCK2 system creates 
a dynamic win-lose cycle to control microbial populations. It uses toxins 
(bacteriocins) as a competitive advantage to kill other bacteria.

This dynamic cycle allows 
SPoCK2  to co-exist with 
other bacteria, remaining in 
the same environment.
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Building a targeted killer
Plasmid & Circuits

Figure 2: Diagram of the system (SPoCK2) we attempted to build. Arrows 
indicate parts each molecule is activating. This circuit is built across two 
plasmids. The system controls its own bacteriocin and immunity produc-
tion.  

Bacterial cell

Plasmids are small circular pieces of DNA found in cells.

The plasmid is always ‘ON’ making the toxin, bacteriocin. When we add a 
chemical signal (AHL) the plasmid turns ‘OFF’.

SPoCK2 is a two plasmid system (fig. 2).  When we add the sugar arabi-
nose the first plasmid is turned ‘ON’, and makes a chemical (AHL) to 
switch ‘OFF’ bacteriocin production in the second plasmid (fig. 2). 
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Killing
SPoCK2 successfully kills bacteria

Validation

Responsible Research & Innovation

Can I have it on 
the NHS? 

Can it be stopped 
if things go wrong? 

What if it gets 
out of control? 

I don’t mind if its 
alive, bacteria live 

in me already. 

If it remains in the 
gut, can those who 
have children pass 

it on. 

Will it overload the 
immune system by 

killing bacteria?

Is it like the bacteria 
in yoghurts?

How will this affect im-
munocompromised 

individuals?

Purposive Sampling Results

Figure 3: SPoCK2 is successfully controlled by inputs.When AHL is added 
SPoCK2 stops producing bacteriocin and immunity. The larger the size of 
bar, the greater reduction in bacteriocin/immunity gene expression. 
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Engineered bacteria with 
the SPoCK2 system can 
successfully kill suscepti-
ble bacteria through pro-
duction of bacteriocins.

SPoCK2 is correctly controlled 
by chemical signals (AHL).
 
In the presence of AHL, 
SPoCK2 stops producing bac-
teriocin and immunity (fig. 3).

The residual bacteriocin, in the 
absence of immunity will allow 
self-killing. Another layer of 
control within the SPoCk 
system

= Control bacteriocin = SPoCK 1 bacteriocin = SPoCK 2 bacteriocin
= Control immunity = SPoCK 1 immunity = SPoCK 2 immunity

Conclusions & Future Directions
 

SPoCK2 can be 
controlled by some 

chemical inputs. 

We saw no evidence, 
as yet, of SPoCK2 re-
sponding to sugars. 

Attempt to control im-
munity within the 
system a different way. 


