
UNIVERSITY OF WATERLOO
Genome-free Bacterial BioproductFactory

Codename: 
The Headless 
Chicken Project



ÅIn vitro production and application limited 
Åcapacity to synthesize product
Åpurification process
Ådelivery of product

ÅMust not pose a threat to the environment to 
which it is applied

ÅFlexibility of specialization for a wide range of 
applications

DesignOUTLINEINTEGRATIONnderBio brickACHIEVEMENTS TO DATEMathematical ModelingoBACKGROUND
The need for an in situbioproduct expression system



DesignOUTLINEINTEGRATIONnderBio brickACHIEVEMENTS TO DATEMathematical ModelingoBACKGROUND
Minicells

ÅAchromosomal: no ability 
to replicate or undergo normal, 
genome-encoded functions

ÅCapable of plasmid-driven 
expression 



DesignOUTLINEINTEGRATIONnderBio brickACHIEVEMENTS TO DATEMathematical ModelingoBACKGROUND
Limitations of minicells

Å{ƘƻǊǘ άƭƛŦŜǘƛƳŜέ 

ÅMust be filtered from live parental strain

ÅRNA polymerase must be provided



DesignOUTLINEINTEGRATIONnderBio brickACHIEVEMENTS TO DATEMathematical ModelingoOUR SOLUTION
A genome-free expression system

ÅA simple way to overcome these limitations 
while providing a platform for specialized 
expression: Degrade the genome of the original 
bacterial strain

Åloss of ability to proliferate
Ådo not need to filter genome free cells from 
a population of live cells
Åquantity and variety of resources available



DesignOUTLINEINTEGRATIONnderBio brickACHIEVEMENTS TO DATEMathematical ModelingoOUR SOLUTION
A genome-free expression system

ÅOur system is based on two key functionalities:

ÅGenome degradation
Åcomplete and controlled 

ÅExpression of desired product
Åcontrolled induction



Mathematical ModelingoDESIGN



Design Requirements

ÅThe design must allow for:

ïgenome degradation

ïǇƭŀǎƳƛŘ ǘƻ ǎǳǊǾƛǾŜ ǘƘŜ ŘŜƎǊŀŘŀǘƛƻƴΣ ǘƘŜ άǎŀŦŜ 
ǇƭŀǎƳƛŘέ

ïpost degradation expression of a target gene from 
the safe plasmid

Expression From Safe Plasmid
Design: How to Degrade a 
Genome, Not a Plasmid

oDESIGN REQUIREMENTS



Design: How to Degrade a 
Genome, Not a Plasmid

oGENOME DEGRADATION

ÅDual nuclease activity: endo- and exonuclease
Åa restriction endonuclease selectively cuts genomic DNA 
Ą genome fragmentation

ÅPmeI because of its rare cut site (8 bp). 

ÅAn exonuclease digests linear DNA Ą faster 
degradation
ÅT7 phage gene 6 exonuclease was chosen due to its 

accessibility

ÅThe safe plasmid is never linearized due to its 
lack of PmeI sites.



Å The nuclease construct is integrated into the 
chromosome

ÅWhen genome degradation commences the 
nucleases degrade their own genes

Å Prevents the continued expression of the 
nuclease

Design RequirementsExpression From Safe Plasmid
Design: How to Degrade a 
Genome, Not a Plasmid

o
GENOME DEGRADATION:

Termination of Nuclease Expression



Repression of Toxic Genes

Tight control of toxic nuclease genes achieved by a 

convergent promoter system:

ÅForward-promoter module (expression): 
ïforward PR from phage Lambda

ïreverse transcriptional terminator

ÅReverse-promoter module (repression):
ïreverse Plac hybrid

ïforward transcriptional terminator

Design: How to Degrade a Genom, 
Not a Plasmid

oNUCLEASE REPRESSION



Repression of Toxic GenesDesign: How to Degrade a Genom, 
Not a Plasmid

oNUCLEASE REPRESSION 
On IPTG



Repression of Toxic GenesDesign: How to Degrade a Genom, 
Not a Plasmid

oNUCLEASE EXPRESSION
No IPTG



Expression from safe plasmid

ÅExpression will be coupled to genome degradation 
via the SOS response

ÅSOS response triggered by ssDNA

Expression From Safe Plasmid
Design: How to Degrade a 
Genome, Not a Plasmid

oEXPRESSION FROM SAFE PLASMID



oISSUES TO CONSIDER

ÅLimited time frame of expression

ÅInadequate repression of nuclease expression

ÅCell survival after genome degradation



Mathematical ModelingoMATHEMATICAL MODELING



ÅRisk assessment necessary for real-world 
applications

ÅHow certain can we be that all cells are unable 
to divide?

ÅUse mathematical modeling to quantify risk

Mathematical ModelingoPURPOSE AND APPROACH



ÅDetermine average time for genome degradation

ÅCell++ computer simulation

ÅVary parameters such as:

Ådiffusion speed of endonuclease

Årate of production of endonuclease

Ånumber of sites needed to be cut for total 
degradation

Åsite of endonuclease production

Mathematical ModelingoGENERATING DATA



Cut sites of various 
orientations, all equal 
length

Endonuclease 
generation point

Endonuclease 
molecule

Cell Wall

Mathematical ModelingoSIMULATION



Mathematical Modelingo
TIME UNTIL TERMINATION vs. 

ENDONUCLEASERATE PARAMETER
(One Cut Site Case)



Mathematical Modelingo
TIME UNTIL TERMINATION vs. 

CUT SITE PARAMETER 
(Rate Parameter = 85 Case)



Distance Parameter

ÅRandom walk

ÅTime proportional 
to distance squared

ÅExpect positive 
quadratic curves

Mathematical ModelingoDISTANCE PARAMETER



Obtaining Empirical Data

ÅInsert cut site into test plasmid

ÅInduce endonucleasefor various time periods

ÅTest for number of intact plasmids  

ÅMeasure of the activity of the endonuclease

Mathematical ModelingoOBTAINING EMPIRICAL DATA



ÅObtain empirical data

ÅCalibrate simulation parameters

ÅQuantify risk with statistical methods

Mathematical ModelingoNEXT STEPS



Mathematical ModelingoIMPLEMENTATION



ÅParts cloned:

- Exonuclease: T7 gene 6

ÅParts synthesized:

- Endonuclease: Pseudomonas mendocina
- Convergent Promoter System 

- forward module
- reverse module

CONSTRUCTIONMathematical ModelingoCONSTRUCTION
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Mathematical ModelingoRESULTS and FUTURE PLANS



nder

Current constructs:

ÅSynthesized convergent promoter system

ÅRestriction enzyme construct

ÅPlacCI

ÅPRǊŦǇΩ

ÅtǊŜŎ! ǊŦǇΩ

Bio brickACHIEVEMENTS TO DATEMathematical ModelingoACHIEVEMENTS TO DATE



ACHIEVEMENTS TO DATE

ÅPreliminary Promoter Testing:

Mathematical ModelingoACHIEVEMENTS TO DATE

ÅComparison of RFP expression under various 
promoters:

Constitutive Promoter PrecAPR



FUTURE PLANSnderBio brickACHIEVEMENTS TO DATEMathematical ModelingoFUTURE PLANS

ÅTesting using GFP

ÅDecoupling  product gene expression from 
genome degradation

ÅIntegration of nuclease construct into E. coli
genome through a BioBrick compatible 
integration vector
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