Figure 5.5 Aquaporins Increase Membrane Permeability to Water
Although diffusion can account for limited water movement across cell membranes, researchers noted that simple diffusion was unlikely to explain the considerable water movement in kidney and red blood cells. By happenstance, Agre and colleagues discovered a protein shared by these two types of cells and determined the DNA sequence of this protein. Unfortunately, this sequence did not offer any clues as to the function of this protein, although the researchers established that similar proteins were found in plant cells. The fact that this protein seemed to occur in cells that moved significant amounts of water led the researchers to hypothesize that this protein, initially named CHIP28, was responsible for cell membrane water transport. In an elegant experiment, Agre and colleagues tested this hypothesis using frog egg cells (oocytes) that normally have low water permeability. Experimental oocytes were injected with the CHIP28 protein RNA, whereas control oocytes were injected with water. Agre and colleagues observed that the control oocytes maintained their volume and shape, whereas the experimental oocytes became swollen and ruptured after 3 min. To further confirm CHIP28's role in water transport, the researchers added a chemical inhibitor to water transport and found that the experimental oocytes no longer became swollen. However, when a second chemical was added that reversed the inhibitory effect of the first chemical, the experimental oocytes again absorbed water and ruptured. Taken together, these data provided strong support for the role of CHIP28 in water transport across cell membranes. CHIP28 was later renamed “aquaporin,” and its structure and mechanism of activity has been intensely studied. Further, several other members of the aquaporin protein family have been identified, including proteins in humans that, when defective, are implicated in disorders related to vision and kidney function. Given the great importance of the discovery of aquaporins, Agre was awarded the Nobel prize in Chemistry in 2003.
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