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Introduction

Precise and predictable gene expression is fundamental for creating new synthetic circuits inside cells. Since gene expression is mainly controlled by the promoter sequences, being able to quickly design
promoters with minimal experimental workload is desired. Existing promoter libraries provide a design starting point but the final promoter sequence will vary with experimental conditions, additional
binding sites, and other design elements. Here, we present a simple algorithm for tuning the negative autoregulatory transcription network motif using differential in vivo RNA- based computations. The
algorithm comprises two stages: sensitivity to perturbations is minimized first and the steady state level of the gene product is set second.

Tuning is achieved by adjusting spacings between the consensus sequences in the -10/-35 and transcription factor binding site promoter regions. Differential RNA- based computations are proposed to
minimize measurement sensitivity to external noise. Computations are realized by hybridization reactions between modified 3'- UTRs and 5'-UTRs of mRNA transcribed from different promoter designs.
Convergence of the algorithm to the desired design irrespective of the binding kinetics is shown analytically. Accuracy of the method in measuring differences in gene expression from different promoter
sequences is shown in silico. The feasibility of the approach and the underlying sequential tuning protocol are demonstrated in vivo.

Algorithm

The previously derived algorithm holds in silico for general promoter functions and hence is compatible with a wide range of repressor proteins. Minimal prior information regarding the design-to-parameter
relationship is required.

The algorithm comprises two stages. In each stage, the steady state expression levels from competing promoter designs are measured and subtracted. The sign of the difference and the location of the
promoter alteration then determines the promoter design that is retained. Mutations in the operator regions are treated separately from mutations in the -10/-35 promoter region. Changes in consensus
sequences as well as changes in the consensus sequence spacings are possible. Herein, in order to perform sensitivity analysis of the proposed experimental methods, tuning is performed by adjusting
spacings between the consensus sequences in the -10/-35 and transcription factor binding site regions.
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RNA interference
Here we propose another step of improving our genetic network tuning algorithm - the "computation” of difference between the expression of GFP and RFP is RFP mRNA
done inside the cell through intercellular mechanisms instead of outside through data analysis. By introducing RNA interference into the tuned genetic network 5'UTR
we hope to achieve more sensitive measurements of differences in protein expressions. In our construct (see above), we modified the 3'UTR of the GFP gene by
inserting the reverse complement of the region surrounding the RBS of the RFP gene. Transcribed GFP mRNAs would therefore block the RBS of RFP mRNAs
preventing their translation. This would mean we could directly measure the difference in protein expression by measuring the fluorescence of RFP. Furthermore, ol odor
we hope to show that increased complementarity between the two mRNAs will increase the accuracy of the measurements by decreasing leaky expression - the abedl
error in cell's computation program. Further increase in accuracy may be possible using RT gPCR - instead of inhibiting translation, one of the mRNAs will be GEP mRNA
designed to block the others reverse transcription.
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