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Abstract

This review focuses on the bacterial Two-Component System (TCS)—a core signal transduction
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mechanism that enables bacteria to sense their environment and regulates various physiological pro-
cesses through a phosphorylation cascade involving histidine kinases and response regulators. With
advances in systems biology and computational modeling, researchers have successfully uncovered
the mechanisms underlying dynamic behaviors such as bistability, oscillations, and surge responses
of TCS in processes like quorum sensing, through the construction of modular network models. Cur-
rent research is shifting from isolated pathway analysis toward integrated network models that in-
corporate cross-regulatory interactions between multiple pathways, while leveraging single-cell tech-
nologies and synthetic biology approaches to deepen mechanistic understanding. In the future, the
integration of these models with artificial intelligence will provide a critical theoretical foundation
for systematically elucidating the principles of bacterial environmental adaptation and developing
novel antibacterial strategies.
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Figure 1. Model diagram of the EnvZ/OmpR two-component signal pathway [24]
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Figure 2. Expression of genes in Escherichia coli as a function of EnvZ and OmpR concentrations [24]
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Figure 3. Regulatory mechanism of the ComABCDE pathway [27]
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Figure 4. Sustained oscillations in the ComDE system [27]
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Figure 5. Damped oscillations in the ComDE system [27]
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Figure 6. Modular model of two-component signal transduction with a positive feedback loop [42]
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Figure 7. Positive feedback loop impacts the steady-state output levels of two-component models [42]
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Figure 8. Two-component signal model involving the negative feedback of ADP [53]
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Figure 9. Sensitivity of the RR-P concentration to each parameter in the model [53]
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Figure 10. Diagrams of the TCS PhoP/PhoQ signal network model [54]
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Figure 11. Primary signal pathway in stage P1 (stress response period) [54]
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Figure 12. Primary signal pathway in stage P2 (gene feedback period) [54]
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Figure 14. Signaling pathway diagram related to PhoP/PhoQ function [54]
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