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Abstract
ll

Rotary motors, including ATP synthase and the bacterial flagellar motor, play critical roles in living organisms.  
ATP synthase produces ATP, life’s chemical currency of energy, in all three domains of life – bacteria, archaea, 
and eukarya.  In humans, ATP synthase operates in the inner membranes of mitochondria.  I will describe 
our recently developed electric field driven torque model of ion-driven rotary motors.  The model predicts a 
scaling law that relates torque to the number of ion-carrying subunits in the rotor, the number of stators, and 
the ion motive force across the membrane.  When the F0 complex of ATP synthase is coupled to F1, the model 
predicts a critical proton motive force below which ATP production drops to zero.  In a human, such a drop in 
ATP would lead to unconsciousness and, eventually, death. We have also been measuring electromagnetic 
properties, such as impedance and harmonic responses, of live cells, mitochondria, and chloroplasts, in an 
effort to detect activity of active enzymes and changes in membrane potential.  Dysfunction of mitochondrial 
enzymes has been implicated in type-2 diabetes, cancer, heart disease, Alzheimer’s disease, and numerous 
specific mitochondrial disorders.  Therefore, improved understanding of ATP synthase and other enzymes 
of mitochondrial respiratory chain is broadly significant to human health.
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