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To the Editor — The recent experimental 
demonstration of non-equilibrium 
switching kinetics in the transitions 
between clockwise and counterclockwise 
rotation of the bacterial flagellar motor by 
Wang et al.1 is an elegant illustration of 
how theoretical results in non-equilibrium 
thermodynamics can lead to practical 
biological insight. Citing theoretical 
work by Tu from 20082, they note that 
the presence of peaked waiting time 
distributions between switching events 
is incompatible with detailed balance in 
the underlying kinetics, showing that the 

switching process is actively driven by some 
dissipative process.

This line of argument, as well as the 
underlying theoretical result, mirrors an early 
development in the study of ion channels. 
Peaked waiting time distributions in the 
current traces of single glutamate-gated 
channels were reported by Gration et al. in 
19823, and the connection between peaks and 
non-equilibrium kinetics was quickly noted 
for a simple three-state model4. A general 
proof was then given by Kijima and Kijima 
in 19875, whose theorem I is equivalent to 
equation 1 in ref. 2. ❐
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