An Introduction and Overview
of Cell-Free Synthetic Biology
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Cell-free transcription — translation systems

Cell-based (lysate) system

Pros:

» Highly active / high protein synthesis yields
* Cheap and easy to make

* Many different systems available

Cons:

* Undefined / complex system

PURE (recombinant) system
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Pros:

Completely defined system

Cons:

Less active as lysate based systems
Expensive and cumbersome to make
“only” E. coli based system thus far

Shimizu et al. Nat Biotech 2001.



Lysate Based Systems

Lysate Flavors
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PURE System

cl OnePot Protein Purification

Characterization &

Single Ni-NTA Optimization
Mixed-Culture —
Amicon =— =
filter Proteins === =
=l — T ==
35x culture [ — ~2T*;;‘f%fgig;ifﬁﬂg&”” Protein expression
\/ RibosomesU %
Inoculation S Cell growth & harvesting‘ Purification & buffer exchange . SEnergy E w\\%
> luti ‘
Day 1 Day 2 Day 3 2 DNA. o

* New easy, cheap, and robust production method

* Individual protein components can be individually
adjusted

* PURE system can be extended by addition of
proteins / other components

Lavickova and Maerkl ACS SynBio 2019.



Cell-Free SynBio and Microfluidics

Chemostats High-throughput Droplets
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Niederholtmeyer et al. PNAS 2013.
Karzbrun et al. Science 2014. Swank et al. PNAS 2019. Chang et al. SciRep 2018.



s Cell-Free Synthetic Biology good for anything?

Basic science

Rapid Prototyping

Metabolic Engineering

Sensing / Diagnostics / Therapeutics
Education

Foundation for the development of an artificial cell



Rapid prototyping
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Niederholtmeyer et al. eLife 2015.



Rapid prototyping
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In vitro repressilator on a chemostat
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Niederholtmeyer et al. eLife 2015.






In vivo 3n and 5n oscillators on a mothermachine

Niederholtmeyer et al. eLife 2015.









In vivo 3n oscillator on a cellasic device

Niederholtmeyer et al. eLife 2015.







Metabolic Engineering

Non-ribosomal peptide synthesis Pathway optimization Enzyme engineering / directed evolution
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Goering et al. ACS SynBio 2017. Dudley et al. ACS SynBio 2016. Fallah-Araghi et al. LOC 2012.



Diagnostics
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Pardee et al. Cell 2016.



Diagnostics

NASBA-CRISPR Cleavage

RNA from NASBA \WT7
trigger H* ‘ RT + RNAse H degradation

/‘ZXTT:\) NS Toehold Strain_SpeCiﬁC PAM \‘ 2nd DNA strand synthesis

2 —primer ~n~ Reaction m dsDNA

Reverse S~ e O Strain A / ! \ Strain B
‘ NN cut !

Transcription

NASBA N "\ Cas9+sgRNA ! @ Cas9+sgRNA
QT . s =
(2 hr, 41°C) T T7 RNA 7 : 7
et 4 T vsgern
. ) oE— : e S N
/prlmer q W 3’ 3« 5 ° E ’ 3 BV\/\Q °
VQ./\ dsDNA Y ! i Y
Synthesis ( (
T O 5 T
sensor H : sensor H
Strain A: No toehold Strain B: Toehold
activation ' activation

Pardee et al. Cell 2016.



Therapeutics / Biomolecular Manufacturing

Pardee et al. Cell 2016.
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Education
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Bottom-up design, characterization, and
implementation of gene regulatory networks.
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Bottom-up design, characterization and
implementation of gene regulatory networks.
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Bottom-up design, characterization and
implementation of gene regulatory networks.
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Vesicles and communication
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DNA replication

Self-assembled
liposome compartment

Van Nies et al. Nature Communications 2018.




Towards an artificial cell
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