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Introduction

Principles of cell-free genetic
circuit assembly

A vesicle bioreactor as a step
toward an artificial cell
assembly

Current research
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Developing cell-free biology for industrial applications, p. 477

* Defined as “the reproduction,
study, and exploitation of
complex biological processes
WITHOUT intact cells”

 Focus on basic biochemical
reactions

- Ability to activate and control
protein production
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Basics of Cell-free Protein Synthesis
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 Construction of synthetic

genetic circuits

« Two and three step cascades

of protein translation

* Introduction of regulatory

elements



Cell-free Systems

MUNCHEN

Cell-free Genetic Circuit Assembly

Wheat Germ Ribozyme

T7-RNA Polymerase

PN
eGFP - mRNA

Transcription

Translation
T7 Promotor

\ eGFP
e

T7-eGFP Plasmid

T7: http://www.rcsb.org/structure/1CEZ
SP6 (another DNA directed RNA Polymerase): http://www.rcsb.org/structure/2WAQ
Firefly luciferase: https://en.wikipedia.org/wiki/Firefly_luciferase
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Cell-free Genetic Circuit Assembly
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Cell-free Genetic Circuit Assembly
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Principles of cell-free
genetic circuit assembly
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Cell-free Genetic Circuit Assembly

T7-RNA Polymerase SP6 Promotor
SP6-RNA Polymerase o rpoF -Activator Protein

e

\

SP6 -rpoF RNAP Plasmid

T7-Promotor SP6-RNA Polymerase

Ny v/

T7-SP6 RNAP Plasmid
rpoF -Activator Protein

Firefly Luciferase

A

rpoF Promotor
\ firefly luciferase (luc)

i
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www.rcsb.org/structure/6CY
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Cell-free Genetic Circuit Assembly
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Cell-free Genetic Circuit Assembly
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Cell-free Genetic Circuit Assembly
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Cell-free Genetic Circuit Assembly
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Cell-free Genetic Circuit Assembly
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Summary

- Complex genetic circuits work in
optimized conditions

» The protein expression can be
regulated with simple methods

« Saturation of the translation
machinery as limiting factor

17
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| -‘*1_ - Building a cell-like bioreactor
-~ with a phospholipid vesicle

» Oxygen diffusion and osmotic
pressure as critical parameters

-----------

- Encapsulation of active
ingredients into the bilayer

https://images.fineartamerica.com/images-medium-large-5/
liposome-maurizio-de-angelisscience-photo-library.jpg 18
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A Vesicle Bioreactor for Artificial Cells

Characterization of the Extract
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Feeding Solution
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A vesicle bioreactor as a step toward an artificial cell assembly, p. 17671 20
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A Vesicle Bioreactor for Artificial Cells

Vesicles with a-Hemolysin
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A vesicle bioreactor as a step toward an artificial
cell assembly, p. 17672

» Feeding from surrounding solution

through pore

» |deal candidate: a-Hemolysin

protein from bacterium S. Aureus

» Expression observed for >4 days

with protein production of ~35 uM

21
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A Vesicle Bioreactor for Artificial Cells

Conclusion

 Transcription and Translation at
the scale of a cell

- Limitations of energy and
nutrients solved

- Artificial Cells for pharmacology
and medical diagnhostics possible

https://www.dailymail.co.uk/sciencetech/article-4171174/
Artificial-cell-chemically-communicates-living-cells.html 22



CUE

g \ * Incoporation of unnatural amino

aclds

« Production of toxic proteins

Non-standard amino acid incorporation into proteins using
Escherichia coli cell-free protein synthesis

23
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