Figure 40.10 ADH Induces Insertion of Aquaporins into Plasma Membranes
In 1993, Fushimi and colleagues cloned and characterized AQP-2, a water channel of the apical membrane of the kidney collecting duct cells. Shortly thereafter, a research group led by M. A. Knepper tested the hypothesis that ADH, or vasopressin, increases water permeability by inducing translocation of AQP-2 to the apical plasma membrane of the collecting duct cells. The researchers isolated collecting ducts from rat kidneys and used immunocytochemisty to visualize AQP-2 before, during, and after exposure to ADH. The ducts were also perfused with water to measure permeability of the duct cells to water. The results indicated that in the absence of ADH, AQP-2 was largely found in the plasma membrane of intracellular vesicles. By contrast, in the presence of ADH, AQP-2 localized to the apical plasma membrane of the collecting duct cells. After ADH washout, the AQP-2 was again found primarily in the membrane of intracellular vesicles. Together, these findings suggested that ADH increases the water permeability by stimulating insertion of AQP-2 into the plasma membrane of the collecting duct cells. In humans, mutations in the aquaporin-2 gene result in hereditary nephrogenic diabetes insipidus (NDI). As expected, based on the results above, this disorder is characterized by the inability of the kidney to concentrate urine in response to ADH. In addition to its role in the hereditary form of NDI, however, aquaporins are also involved in acquired forms of NDI. Specifically, acquired NDI can occur as a result of impaired regulation of aquaporin-2 due to administration of lithium salts, low blood potassium levels, high blood calcium levels, or chronically excessive water consumption beyond normal body needs. Patients with NDI are chronically thirsty and in danger of dehydration. Treatment of the disorder varies according to the form of NDI, but in all cases ready access to water is a must. 
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