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Figure 1. Six approaches for the analysis of living systems. In this schematic diagram, a
living system is represented as an abstract network (center), with the colored nodes (circles)
representing the different parts of the system, and the grey edges representing the
interactions between the parts. Four of the six approaches described in this article involve
doing something to one part of the system (shown here in black); the fifth approach involves
combining multiple parts; and the sixth approach involves simulating some or all of the
parts.
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Lenski's LONG-TERM
Evolution Experiment

Twelve batches of bacteria, replicating and evalving for 25 years,
yleld some pretty big numbers.
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Gene Level Pathway Level Genome Level

Elements for yeast propagation
and genome transplantation
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Price Per Base of DNA Sequencing and Synthesis
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FET? ARTP: Atmospheric and Room Temperature Plasma

Radio-Frequency Atmospheric-Pressure

Plasma: High-energy Matters
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Radio-Frequency Atmospheric-Pressure
Non-Equilibrium Discharges (RF APNEDSs)
Atmospheric pressure and room temperature (20-40°C)

Atmospheric and Room Temperature Plasma (ARTP) for
biotechnology applications
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Proof for Double Strand Breakage of DNA by ARTP
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SOS genes Functions

* recA Modification of repressor protein,
Recombination,
SOS mutagenesis

* lexA SOS repressor

* uvrA,B,C Excision repair

« polB DNA polymerasell

< umuD,C SOS mutagenesis, DNApolymerase V

* sultA Inhibition of membrane formation

« dinB Non-target mutagenesis, polymerase IV

e dinl Inhibition of RecA protease activity

BZEMEZEENE

Repair of double strand breakage

e Tt fE (2016)
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For microbial mutagenesis:

irradiation area less than 8mm _ 2 Gl L
(210mm2), for 10 pl culture irradiation area > 5900mm

For plants and animals mutagenesis:
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Fig. 5 The amino acids produced by the wild-type and the mutated strains. a L-leucine productions of E. coli mutants selected by the leucine rare codon-rich
kan®. b L-arginine productions of E. coli mutants selected by the arginine rare codon-rich kan®. ¢ L-serine productions of E. coli mutants selected by the serine
rare codon-rich spec®. d L-arginine productions of C. glutamicum mutants selected by the arginine rare codon-rich kan®. Values and error bars represent the
mean and the s.d. (n=3). **P<0.01, ***P< 0.001 as determined by two-tailed t test
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((\oo &® Screening
by FACS, plates, HTP , Microfluidics
assay etc
discrete evolution L
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—_— Biosensor/

Adaptive lab evolution (ALE):
Long time, labor extensive,

high cost, large amount medium,
low throughput, no automatic

@ Signal

Development of biosensors suitable for wide applications in CFs

Generation of

genotypes instrument
) i ) Selection
Appl Microbial Biotech (2015) by fitness

Metabolic Eng (2016, 2017)
ACS Synthetic Biology (2017)
Nature Communications (2018)
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Trends in Biotech (2021) Automated and HT Microdroplet Microbial Culture (MMC) System

Microdroplet can be controlled
as a individual microcultivator
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Microdroplet separating & fusion—  Auto addition of gradient chemical factors Microdroplet sorting
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Collaborating with Prof. Julia A. Vorholt (ETH Zurich)
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