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Two-component systems (TCS) are key mechanisms in prokaryotes for sensing
environmental stimuli and triggering adaptive cellular responses. These systems
consist of a sensor kinase (SK) and a response regulator (RR). The kinase detects
the signal and transfers a phosphate group to the RR, which typically functions as a
transcriptional regulator once phosphorylated. In Escherichia coli, the ArcB/ArcA
system is a TCS that regulates more than 300 operons, particularly those involved in
metabolism under anaerobic conditions.

ArcB is a membrane-anchored hybrid kinase that contains a PAS domain with two
conserved cysteines (C180 and C241), responsible for its redox-dependent
regulation. ArcA, in turn, is a typical response regulator containing a receiver domain
and a DNA-binding domain. The activity of ArcB as either a kinase or a phosphatase
depends on the redox state of its cysteines, which is controlled by the quinone pool.
Under aerobic conditions, ubiquinone oxidizes the cysteines, forming intermolecular
disulfide bonds, resulting in ArcB adopting a phosphatase state. Under anaerobic
conditions, menaquinone reduces these cysteines, promoting kinase activity.

Although it is known that quinones act as signals for ArcB, a key question remains
regarding the regulatory mechanism: how do membrane-embedded quinones
interact with cysteines located in the PAS domain?

Using structural modeling, it was observed that ArcB, in its tetrameric state, forms a
tunnel-like structure that connects the membrane with the PAS domain. In this study,
experimental evidence is presented showing that ArcB functions as a tetramer and
that amino acids within the tunnel are critical for quinone-mediated regulation.
Mutations outside the tunnel have no effect, and the changes observed in mutants
within the tunnel are not due to general structural alterations or differences in
expression levels, but rather to a loss of interaction capacity with quinones. This
finding expands the current model of Arc system regulation.



