Figure 6.6 An Experiment Demonstrates the Chemiosmotic Mechanism
Previous research into the force driving ATP synthesis in mitochondria and chloroplasts led to the postulation of the chemiosmotic mechanism. Precisely how this mechanism uses ATP synthase to couple proton diffusion to ATP synthesis was demonstrated by two insightful experiments. In the first experiment (shown here), isolated organelles were placed in a medium with a low H+ concentration until equilibrium was reached. The organelles were then moved to a medium with a high H+ concentration. The H+ ions moved down the concentration gradient and into the organelles, driving the synthesis of ATP. In a second experiment, a proton pump was added to an artificial lipid vesicle and used to pump H+ into the vesicle, generating a gradient. ATP synthase was then inserted into the vesicle membrane. As the H+ diffused out of the vesicle, ATP synthase drove the synthesis of ATP. Together, the results of these two experiments provided evidence that the chemiosmotic mechanism uses ATP synthase to couple proton diffusion to ATP synthesis (see also Figure 6.5). It is important to realize that while ATP synthase normally functions to drive the synthesis of ATP, it is also capable of functioning in the reverse direction, leading to ATP hydrolysis and the formation of ADP and Pi. It is the H+ gradient, as well as the low concentration of ATP in the mitochondrial matrix, that drives the reaction toward ATP production. Consider, then, what would happen in the second experiment if a second ATP synthase, oriented in the opposite direction of the one originally inserted in the membrane, was added. In this scenario, the conditions for the second ATP synthase would differ from that for the original ATP synthase. The second ATP synthase would lack a H+ concentration gradient, thereby preventing ATP production. Further, the ATP produced by the first ATP synthase would likely drive the ATP synthesis reaction in the reverse direction, causing the enzyme to function as an ATPase and result in ATP hydrolysis.
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