Utilizing MAGE to optimize E. coll for
production of bioplastics

Introduction

Poly(lactic acid) (PLA)
CHy [ O] CHs

" ono\jLo J\OWOH
/ . .

/Disposables\ 3D Printing\ /" Biomedical \

- AN AN /

Poly(lactic acid) (PLA) is a versatile plastic because it Is:

A Biodegradablemicroorganismbreak it down into water and
carbon dioxide

A Biocompatible immune response is minimal
A Bioresorbableallows it to be resorbethto the body

A Thermoplastie enables melting and molding in a cast or
deposition from a 3D printer

Problems with Conventional Syntheses

Cost

Chemically synthesized PtiAemically are quite expensive: one gram of pure
PLA costs around $90.

Environmental Impact

The processingnd purifying stepsequire manychemicals that are
environmentally unfriendly

Biosynthesis oPLA

The KAIST research group under
Sang Yup Lesmuccessfully produced
PLA IrE. colusing two genes:
propionate CoAtransferase(from
Clostridunpropionicun) and

a polyhydroxyalkanoatesynthase
(from Pseudomonagesinovorans
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Methods

Multiplex automated genome engineering (MAGE

MAGE (Multiplex Automated Genome Engineering) Is
crecombineering?2 Y & U StN#RizeRlEe deplication fork
conserved across prokaryotes aadkaryotes to introduce
mutations. The singistranded DNAInding phage proteiiBeta
guidesssDNApieces to the lagging strand for incorporation.
Repeated cycles of transformation with mutageoliggosgenerate
Incredible diversity among cell populations that can be used to
rapidly optimize biological pathways or generate new genetic co

Synthesizing and Assembling the Heterologdtiszymes

Detecting PLA production

In order to detect PLAnce we produced,
we decided to uséhe fluorescent dye Nile
red, anintracellularlipid strain. Nilered
does not affect the growth of bacteria, and
Its fluorescence Is quenchedwater.

Spiekermann et al. 1999

Bioassaysing FACS machine
In order to quickly screen the
large diversity created using
MAGE, we employed
fluorescenceactivatedcell
sorting (FACH FACS could sort
cellsbased on the Nile red
fluorescence, thus indicating
those cells that have produced
larger quantities oPLA.

Validating PLA production
When our plasmid was
transformed IntoE. colj it
demonstrated an increased
Nile red fluorescence
compared to the wild type
strain indicative of PLA
production.

Results
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Flux Balance Analysis
In order to make sure that knocking

out these genes would not impact the

fitness of theE. colj we used flux
balanceanalysis. The chart to the
right shows that none of the KO
caused a fitness hit besidepc
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Results from FACS sorted cells

After a single round of MAGE,
and FACS sorting for those
showing the highest levels of

fluorescenc
INncrease In

FACS Sorting after MAGE

e, we saw a twofold

Nile red fluorescenc:

After performing MAGE cycles, there
was a clear shift in the FACS results.
Initially, the wild type cells (top graph)

had very few cells with significant levels

of fluorescence. The baseline (before
MAGE) is the second graph, and the Iz
Is theMAGEcells. The distribution of
the second hump clearly shifts right
Indicating higher levels of fluorescence

Graph 1:
Wild Type: 1 cell in P1

Graph2:
Baseline with plasmid: 15 cell in |

Graph3:
MAGEdwith plasmid: 98 cell in P2
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Next Steps

PLA Purification Extraction andecovery

In order to extract the PLA from the colja chloroformdigestion and
methanol recovery techniqgue was used.

Shortterm
AMore MAGE cycles
ASecretion system to make cost effective

Alntegrate into genome and diversify them by MAGE
to enhance activity

AClosed loop system

Long term

AExpand efforts to produce closely related polymer,
PHA and beyond

ABioreactor and 3[printer
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