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BACKGROUND

The need for ann situ bioproduct expression system

Aln vitro production and application limited
Acapacity to synthesize product
Apurification process
Adelivery of product

AMust not pose a threat to the environment to
which it Is applied

AFlexibility of specialization for a'wide range of
applications



BACKGROUND

Minicells

AAchromosomal: no ability
to replicate or undergo normal,|*
genomeencoded functions |

ACapable of plasmidriven
expression




BACKGROUND

Limitations of minicells

Al K2NI af AFTSUAYSE
AMust be filtered from live parental strain

ARNA polymerase must be provided



OUR SOLUTION

A genomefree expression system

AA simple way to overcome these limitations
while providing a platform for specialized

expressionDegrade the genome of the-original
bacterial strain

Aloss of ability to proliferate

Ado not need to filter genome-free cells from
population of live cells

a
Aguantity and variety of resources available




OUR SOLUTION
A genomefree expression system

AOur system is based on two key functionalities:

AGenome degradation
Acomplete and controlled

AExpression of desired product
Acontrolled induction



DESIGN




DESIGN REQUIREMENTS

A The design must allow for:
I genome degradation
L F&aYAR 02 &dNBAGS  GKS
J I aYARE
| post degradation expression of atarget gene from
the safe plasmid




GENOME DEGRADATION

A Dual nuclease activity: endand exonuclease

A a restriction endonuclease selectively cuts genomic DNA
A genome fragmentation

A Pmel because of its rare cut site (8 bp).

A An exonuclease digests linear DNAaster
degradation

A T7 phage gene 6 exonuclease was chosen due to its
accessibility

A The safe plasmid is never linearized due to its
lack of Pmel sites.



GENOME DEGRADATION:

Termination of Nuclease Expression

A The nuclease construct is integrated into the
chromosome

A When genome degradation commences the
nucleases degrade their own genes

A Prevents the continued expression-of the
nuclease



NUCLEASE REPRESSION

Tight control of toxic nuclease genes achieved [
convergent promoter system

A Forwardpromoter module (expression):
I forward Rfrom phage Lambda
| reverse transcriptional terminator

A Reversepromoter module (repression):
I reverse Plac hybrid
| forward transcriptional terminator



NUCLEASE REPRESSION
On IPTG

Target Gene

Safe Plasmid



NUCLEASE EXPRESSION

No IPTG
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Target Gene
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Fragmented Genome

Safe Plasmid
Survives



EXPRESSION FROM SAFE PLACS

A Expression will be coupled to genome degradati
via the SOS response

A SOS response triggered by ssDNA
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Zn
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Qafe PlasmiD Safe Plasmid




ISSUES TO CONSIDER

ALimited time frame of expression
Alnadequate repression of nuclease expression

ACell survival after genome degradation



MATHEMATICAL MODELING




PURPOSE AND APPROACH

A Risk assessment necessary for gafld
applications

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

A Use mathematical modeling to quantify risk



GENERATING DATA

A Determine average time for genome degradatio
A Cell++ computer simulation
A Vary parameters such as:

A diffusion speed of endonuclease

A rate of production of endonuclease

A number of sites needed to be cut for total
degradation

A site of endonuclease production



SIMULATION

< Cell Wall

/ Cut sites of various
orientations, all equal
length

m Endonuclease
generation point

o Endonuclease
molecule



TIME UNTIL TERMINATION vs.

ENDONUCLEARATE PARAMETER
(One Cut Site Case)

Time Until Termination (minutes)

Rate of Generation (molecules/s)



TIME UNTIL TERMINATION vs.

CUT SITE PARAMETER
(Rate Parameter = 86ase)

Time Until Termination (minutes)

Number of Cut Sites Necessary for Termination



DISTANCE PARAMETER

Distance from Cut Site

A Random walk

A Time proportional
to distance squared

- A Expect positive

guadratic curves



OBTAINING EMPIRICAL DATA

A Insert cut site into test plasmid
A Induceendonucleasdor various time periods
A Test for numbenof intact plasmids

A Measure of the activity of thendonuclease



NEXT STEPS

A Obtain empirical data
A Calibrate simulation parameters

A Quantify risk with statistical methods



IMPLEMENTATION




CONSTRUCTION

AParts cloned:

>
T7gene 6 - EXonuclease: T7 gene 6

AParts synthesized:

—

pmel - ENdonucleasePseudomonas mendocin
- Convergent Promoter System

TT-P= -forward module
Sacm - Feverse module
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RESULTS and FUTURE PLAN




ACHIEVEMENTS TO DATE

Current constructs:
A Synthesized convergent promoter system
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ACHIEVEMENTS TO DATE

APreliminary Promoter Testing:

AComparison of RFP expression under various
promoters:

Constitutive Promoter




FUTURE PLANS

ATesting using GFP

ADecoupling product gene expression from
genome degradation

Alntegration of nuclease construct inte: col
genome through a BioBrick compatible
Integration vector
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