
Vacuolar ATPases (V-ATPases) are molecular machines responsible for creating electrochemical gradients and preserving the viability of pH-dependent cellular compartments.  The energy required for these processes is supplied by the hydrolysis of ATP within the soluble A3B3 complex driving the rotary mechanism that results in the translocation of protons across the membrane. ATP hydrolysis occurs at catalytic subunit A and B interfaces within the A3B3 complex, which is stabilized against the rotor-induced forces by elongated peripheral stalks.  Previously, the structure and stoichiometry of the peripheral stalks has been unclear. A mechanism for the inhibition of the free V1-ATPase has been proposed but direct evidence had been missing.  Here we show a series of single particle reconstructions of the yeast V1-ATPase using cryo-electron microscopy (cryo-EM) that clearly show three peripheral stalks and a unique central stalk interaction that connects to the A3B3 complex.  Subunits C and H provide a base for three EG peripheral stalks that extend toward the A3B3 complex and are necessary for stabilizing the A3B3 catalytic complex against the rotational forces induced by the central stalk.  Furthermore, the extended conformation of the central stalk subunit F interacts with a non-catalytic B subunit, bridging the rotor and stator components.  The presence of this interaction confirms the regulatory mechanism that halts the rotation of the central stalk and the hydrolysis of ATP associated with that rotation. These results help explain the structural details of the V1-ATPase and the methods by which it is stabilized and regulated.  The structural detail presented here will aid in subsequent studies regarding the inhibitory mechanism of the free V1-ATPase.  Additionally, the study of V-ATPase inhibition holds relevance to fields of tumor cell invasion and osteoporosis.

