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The “Burden problem”

Heterologous gene expression imposes a load to host cells
leading to unanticipated effects
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The “Burden problem”

Limitation in the predictability of the behavior
of synthetic devices
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Burden is caused by

competition for shared intracellular resources in the cell
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Burden is caused by

competition for shared intracellular resources in the cell
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Understanding the impact of synthetic
constructs on the host cell
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In vivo Burden analysis
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Plate- based Assay
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Integrate capacity monitor Transform with plasmid Place exponentially growing Measure fluorescence and Calculate capacity form
cassette into bacterial constructs and appropriate cells in plate and add inducers OD for each well for 2 h at GFP production rate at
genome at 2 or {80 site controls where needed to all relevent wells 37 °C with shaking 1 h after induction
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Plate- based Assay
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A collection of diverse synthetic constructs
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A collection of diverse synthetic constructs
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A collection of diverse synthetic constructs
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A collection of diverse synthetic constructs
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A collection of diverse synthetic constructs
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In vivo Burden analysis

Cellular capacity 1h post induction of gene expression
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RNAseq analysis

7 constructs X 2 strains X 3 replicates X 2 time points plus empty DH10B

= Total of 90 samples
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Understanding the impact of synthetic
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Construct performance
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Construct performance
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Construct performance

GFP reads % Sample T(rgalgscrlpgon - O\éeral_l GEP rate o Sample
GFPreads ~ pD864 ( reads) (. production rate) GFP rate . pD864
pLys-M1 :I I
@  psBiC3Llux | |- ]
I pSBIC3HS 1 L
pPD864-LacZ 1 [ ]
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%
pLys-M1
> pSBIC3L
e p -Lux —
(D pSB1C3-H3 -
=
pPD864-LacZ —1

0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

Ceroni F et al, Stan GB, Ellis T. Nature Methods under revision



Global transcriptional changes

in DH10B 1h post induction

Ceroni F et al, Stan GB, Ellis T. Nature Methods under revision



Global transcriptional changes

in DH10B 1h post induction
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Global transcriptional changes

in DH10B 1h post induction
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Early responsive promoters

Behavior on the Genome
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Early responsive promoters

Behavior on the Genome
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Early responsive promoters

Behavior on a plasmid
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Early responsive promoters

Behavior on a plasmid
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A biomolecular feedback system
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A biomolecular feedback system
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A biomolecular feedback system

1. Burden- responsive

2. Fast

3. Modular
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A biomolecular feedback system
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A biomolecular feedback system

dCas9-gRNA based regulation
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A biomolecular feedback system

dCas9-gRNA based regulation
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A biomolecular feedback system
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A biomolecular feedback system
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A biomolecular feedback system
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A biomolecular feedback system

Input : Arabinose
l |—> \ e Burden
I:)BAD
< VioB-mCherry >
o]

tl I const. T Phthl r
l,— s
\ Capacity Monitor ,‘ dCas9 SgRNA
N -

Ceroni F et al, Stan GB, Ellis T. In preparation



A biomolecular feedback system

Input : Arabinose
l |—> \ e Burden
I:)BAD

VioB-mCherry

Ceroni F et al, Stan GB, Ellis T. In preparation



A biomolecular feedback system
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A biomolecular feedback system
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A biomolecular feedback system
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The feedback controls output expression
leading to capacity rescue

GFF Production Rate Per Cell 1 Hour Post-Induction
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Robustness
The feedback control at different temperatures

Feedback and Open-Loop in DH10B at 37°C

GFP Production Rate Par Cell 1 Hour Post-Induction
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Feedback and Open-Loop in DH10B at 30°C
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Robustness
The feedback control in different genetic backgrounds

Feedback System in BL27 (DE3)
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Feedback System in MG1655
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Tunability
A library of gRNAs to get the desired output
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Performance of the feedback over 24 hours

OD vs Time «10% mCherry Yield
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Performance of the feedback over 24 hours
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Conclusions

- Look at the impact of synthetic constructs in vivo
and with RNAseq;

- ldentify global transcriptional changes occurring
upon burden induction,;

- Develop a burden- based molecular feedback
that robustly controls gene expression
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