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The ParB-CTP Cycle Activates Phase Separation in
Bacterial DNA Segregation

Cell function relies on liquid-like organelles formed through phase transitions, yet the mechanisms ensuring
their specificity and rapid assembly remain poorly understood. In bacterial chromosome segregation via the
ParABS system, hundreds of ParB proteins are recruited around the centromere-like parS sequence forming
the partition complex. Recent studies have shown that ParB binds CTP and undergoes cycles of binding and
unbinding near parS, however, this accounts for the recruitment of only a small fraction of ParB molecules,
leaving its role unclear. Separately, a lattice gas model with fixed interaction energy has been proposed to
describe ParB phase separation, but it fails to explain key experimental observations, including the absence of
droplets in ParB variants. We reconcile these two perspectives by proposing that the ParB-CTP cycle acts as a
molecular switch that enhances ParB-ParB interactions, triggering phase transition from vapor to liquid-like
condensates.
Our hypothesis is supported by numerical simulations of droplet formation and experiments showing that
ParB variants disrupting the CTP cycle fail to undergo phase separation. These findings establish amechanistic
framework for ParB-CTP-mediated phase transitions and may have broader implications for understanding
the spatial control of intracellular condensate formation.
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