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Introduction

One of the most characterized protein degradation systems in Escherichia coli is the AAA+
protease family (e.g., ClpXP and ClpAP). These proteases recognize and degrade
ssrA-tagged proteins. The ssrA tag and its variants were fused to many proteins to reduce
their half-lives for various synthetic circuits. In vivo data1 showed that ssrA-tagged proteins
display a first-order degradation kinetics, suggesting a relatively high Km, while in vitro
data2 showed a much lower Km (75nM) , leading to a zeroth-order kinetics. Since protein
degradation is an important step in synthetic oscillators, this discrepancy prompted us to
examine the kinetic order of proteolysis in detail. Interestingly, we discovered a
discrepancy between single-cell and population measurements that is due to a wide
distribution of the protein expression level. Using the measured zeroth order kinetics for
protein degradation in a model analysis, we found that the synthetic gene-metabolic
oscillator we previously developed was much more robust.

The ssr-A tagged protein degradation exhibits a zeroth-order kinetics in single cell
measurement

To determine the kinetic order of proteolysis, we fused two different ssrA tags, LAA and
ASV, to the Green Fluorescent Protein (GFP), and expressed them under an
IPTG-inducible promoter in glucose medium. The LAA tag is naturally found in E. coli and
the ASV tag is a modified version of LAA, with a longer half-life1. We acquired single-cell
and population measurement using quantitative time-lapse fluorescent microscopy.
Interestingly, the degradation dynamics of the LAA-tagged GFP for individual cells
displayed a zeroth-order kinetics (Fig. 1A), indicating that the protein level is significantly
higher than the Km of the protease in Michaelis-Menten kinetics. However, when
measured in a bulk solution, the degradation dynamics exhibited a first-order kinetics (Fig.
1B), indicating the protein level is much lower than the Km. In contrast, GFP tagged with
ASV displays first-order degradation kinetics at both the single-cell and the population
levels (Figs. 1C and D).

Discrepancy between single-cell and population measurements is explained by wide
distribution of protein or protease levels

In the LAA experiment, we found that the initial protein level displayed a long-tailed
distribution with a range of 160 fold. Averaging the single cell data produced a first order
kinetics, consistent with bulk results. Therefore, we tested the hypothesis that wide




