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Abstract: Transcription factors, as genetic switches, are used in synthetic biology to construct complex regulatory
networks through modular combinations. Transcription factors are classified by two groups, repressors and activators.
Repressors bind DNA and repress the expression level of downstream genes without inducers but will dissociate from
DNA in the presence of inducers. The regulation type of repressor is called ON system, whereas activators bind DNA
only after induced. The regulation type of activator is called OFF system. The goals to optimize transcription factors

include identifying new substrates, enhancing sensitivity, adjusting dynamic range, and modifying regulation types.
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However, current types of engineered genetic elements are limited. Consequently, establishing an efficient platform of
directed evolution for developing genetic switches is important for the design of genetic circuits and the optimization of
metabolic pathways. In this study, we integrated in vivo directed evolution system of TADR (Targeted Artificial DNA
Replisome) with a dual positive-negative selection system based on galactose kinase (GalK) and green fluorescent
protein (GFP) to develop an experimental platform for optimizing genetic switches. The effectiveness of this platform
was validated through experiments with transcription factor TetR. We successfully converted TetR from a repressor to
an activator. In addition, we also converted transcription factor AcuR from a repressor to an activator (AcuR-OFF)
which has not been reported before. The response of AcuR-OFF mutants to inducer is opposite to that of the wild type,
but with similar dynamic range. Compared with the commonly used error-prone PCR technique, TADR is more
affordable for construction of mutants library with higher genetic diversity. The dual positive-negative selection system
greatly reduces the rate of false positives, and is able to screen in extreme cases where abundance of the target mutants
within the population is low. This experimental platform is expected to be a powerful tool for the development and

optimization of genetic switches, thereby advancing the research in synthetic biology.
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Fig.1 Construction of the directed evolution experimental platform

(a) Components of the TADR system; (b) The process of introducing mutations by the TADR system, the black and gray segments represent the
initiation and termination; (c¢) The working principle of the positive and negative screening markers of GalK; (d) The working process of the TADR-
GalK-GFP experimental platform; (e) Taking the repressor protein as an example, in the screening system, the expression of GFP-GalK is regulated

by the repressor protein, and positive and negative screening are achieved by changing the induction conditions
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Table 1 The RBS sequence used in the experiment
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RBS2 TCCTGGT
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Fig. 2 Construction of the TetR evolution experimental platform

(a) The average fluorescence intensity of the population, denoted as M, can be calculated from the fluorescence intensity and absorbance value
measured by the microplate reader. Compare the difference of M before and after induction to reflect the regulatory state of the repressor protein; (b)
The response curve of TetR to the aTc inducer, with the inducer concentrations being 0 ng/uL, 20 ng/uL, 50 ng/uL, and 100 ng/uL respectively. The
dashed lines represent the two control groups. The TetO group consists of PL-tetO-GFP chassis cells, in which GFP is expressed constitutively. The
MG1655 group, by contrast, lacks GFP. These two groups represent the upper and lower limits of fluorescence expression intensity within this
system, respectively; (¢) When the induction concentration is 50 ng/pL, the population fluorescence distribution before and after induction; (d) The
variations in fluorescence intensity before and after the induction of TetR proteins with different expression levels, as well as the comparison of these
fluorescence intensities with those of the control groups; (¢) Strains, MG1655 (containing galK) and MG1655AgalK were used to verify the positive
and negative screening performance of GalK; (f) The response of Pbla-RBS1-TetR to the positive and negative screening of GalK
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Fig.3 Screening of the TetR-OFF system

(a) The response of the wild-type TetR and the reversed phenotype to the inducer; (b) The screening process using the GalK-GFP dual positive and

negative screening; (c¢) The screening process using only GFP as the screening marker:(d) Characterization of the regulatory performance of the wild-

type and TetR-OFF mutants. The blue represents the population fluorescence distribution without the inducer, and the red represents the population

fluorescence distribution after induction with 50 ng/uL aTc.
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Fig.4 Construction of the experimental platform for the development of AcuR-OFF

(a) Using MG1655 as the fluorescence negative control and the TetO group as the fluorescence positive control, the AcuO regulatory system was
optimized. (b) The fluorescence population distributions of two groups of TetR with different expression intensities were measured under the
induction concentration gradients respectively to select the optimal induction conditions. (¢) The changes in the proportion of the target population in
the absence of the inducer before and after GalK screening. The blue color represents the population fluorescence distribution before GalK screening,
and the red color represents the population fluorescence distribution after GalK screening. (d) Characterization of the regulatory performance of the
wild type and the AcuR-OFF mutant. The blue color represents the population fluorescence distribution in the absence of the inducer, and the red
color represents the population fluorescence distribution after induction with 3 mmol/L Acr
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