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Due to its high activity and specificity, T7 RNA polymerase (T7 RNAP) mediated
transcription system has been proven to be simple and efficient for gene expression in
E. coli, yeast, and human cells. Previous studies showed that T7 lysozyme could
effectively inhibit the function of T7 RNAP. Based on this, a tobacco etch virus (TEV)
protease-activated lysozyme-inhibiting T7RNA polymerase (PA-RNAP) system was
further developed. In this system, the T7 RNAP mediated RNA transcription is
inhibited by the T7 lysozyme, which could be activated by removing of lysozyme by
using specific TEV protease. Despite of its exquisiteness, the PA-RNAP system has
never been comprehensively characterized, and its effectiveness was limited by the
mesothermal-adapted property and low activity of TEV protease[1]. Here, we use the
human rhinovirus 3C (HRV 3C) protease to reconstitute this system, facilitating its
effective utilization in a broad temperature range from 37 °C to 4 °C. Our
comprehensive evaluation of the HRV 3C protease-activated lysozyme-inhibiting
T7RNA polymerase system indicated that the lysozyme has to be anchored at the N-
terminal of T7 RNAP with a flexible linker of 32 aa length to maximize its inhibition
effects. Moreover, a new strategy for studying the protein-protein interaction under in
vivo condition was developed, which was preliminarily applied for investigating the
interactions of different subunits in the Type I-F Crispr-Cas complex of Zymomonas
mobilis.
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Figure 2: The comparing of TEV/HRV3C protease-activated lysozyme-inhibiting 
T7RNA polymerase system

The HRV3C protease activated-RNAP system displayed better inhibitive effect and fluorescence 
recovery ability in a  broader temperature range comparing to TEV protease.

A) The length of flexible linker between lysozyme and T7RNAP B) In vivo inducing condition.

Figure 3: The characterization and optimization of HRV3Cp activated-RNAP system
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IV. The applications of a optimized HRV3C protease activated-RNAP system
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Ø We have verified that HRV3C protease activated-RNAP system exhibited more efficient and 
better mesothermal-adapted property comparing to TEV protease.

Ø The HRV3C protease activated-RNAP system has been comprehensively characterized  and 
optimized.

Ø In future work, the system would be further optimized for higher fluorescence recovery  and 
be applied for investigating the interactions of different subunits in the Type I-F Crispr-Cas 
complex of Zymomonas mobilis.

II. The comprehensive characterization and optimization of HRV3C protease 
activated-RNAP system
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I. Development of a HRV3C protease activated-RNAP system with a broader 
temperature range
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Two strategies: A) secreting out of lysozyme with the help of signal peptides[2], B) degradation
of lysozyme by SsrA-dependent degradation were designed to improve fluorescence recovery
ability [3]. However, our results demonstrated that the adding of both the signal and SsrA tag
components could obviously affect the inhibition effect and increase the undesirable
fluorescence.

Figure 5: The preliminary application of an optimized HRV3Cp activated-RNAP system   

T7 lysozyme is a natural inhibitor of
T7RNAP. T7RNAP would temporarily
become an inactive form when tethered with
T7 lysozyme through a flexible linker
containing a target protease cleavage site.
The T7RNAp : T7 lysozyme complex then
would be disassociated and fluorescence
recovers when a specific protease cleave its
cut site. Our characterization of this
T7RNAp : T7 lysozyme system would
further expand its applications on protein
engineering and protein-protein interactions . Figure 1: HRV3C protease-activated lysozyme-

inhibiting T7RNA polymerase system

Figure 4: Two strategies to further improve the fluorescence recovery ability 

III. Two strategies to further improve the fluorescence recovery ability 
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