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Abstract: Various genetic switches have been developed to let engineered cells perform designed functions. However, a
sustained input is often needed to maintain the on/off state, which is energy-consuming and sensitive to perturbation.
Therefore, we developed a set of transcriptional switches for cell states control that were constructed by the inversion effect of
site-specific recombinases on terminators. Such a switch could respond to a pulse signal and maintain the new state by itself
until the next input. With a bottom-up design principle, we first characterized the terminators and recombinases. Then the
mutual interference was studied to select compatible pairs, which were used to achieve one-time and two-time state transitions.
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Finally, we constructed a biological seven-segment display as a demonstration to prove such switch’s immense potential for

application.
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Fig. 1 The insertion/deletion/reversion effect of recombinase when two recognition sites are in different arrangements. (A)
When two recognition sites are located in a circular DNA and a linear DNA respectively, the consequence of recombination is
insertion. (B) When two recognition sites are located in the same DNA and they hold the same direction, the consequence of
recombinase is deletion. (C) When two recognition sites are located in the same DNA and they hold the different directions,

the consequence of recombination is reversion.
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Fig. 2 Characterization of terminators and recognition sites. (A—C) Schematic of reporter systems. Terminator is alone
and flanked by one pair or two pairs of attB/P. (D) Terminator strength (Ts) in both orientations are measured to classify
terminators into unidirectional and bidirectional terminator. Unidirectional terminator with high Ts in forward
orientation are preferable. Ts under different IPTG concentration-are also measured for optimum inducer concentration
which is shown in the imbedded line chart using 435 as an example. (E) Ts of terminator flanked by one pair of attB/P
shows that attB/P has complex interference on terminator. (F) Two pairs of attB/P exhibit much more interference. Only
Terminator 435 flanked by TP901-1 and Bxb1 sites are selected. (0.1 mmol/L IPTG induction).
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Fig. 3 Recombinase flipping efficiency characterization and expression system optimization. (A) Schematic of testing
system. (B) An example of cell cytometry result shows the cell states before (above) and after (below) recombinase
expression. The numbers representing proportion of cell under diagonal define the flipping efficiency. (C) Flipping efficiency
exhibits a step respond as inducer concentration rises. (D) Flipping efficiency varies when different RBSs are used.
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Inversion efficiency of recombinase on terminator. (A, B) Schematic of one-time and two-time inversion. (C, D)

Inversion efficiency can be higher than 150% or lower than 50%, which is far different from “flipping efficiency” in Fig. 3.
Such deviation can be attributed to the terminator’s interference on recognition sites or the sequence differences

between attB/P and attL/R.
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Fig. 5 Biological seven segment display as a demo. (A) Schematic and truth table show operational principle of
“1-2-3” transition. There are five different transition patterns executed by five different genetic circuits in seven
segments. (B) Pattern transitions are clear by naked eyes. Numerical value in each well represents net fluorescence

intensity per OD.
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