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Inhibition of mitochondrial respiration has been shown to increase the lifespan of various organisms 

including yeast, C. elegans, Drosophila and mice. However, the molecular mechanisms by which 

impaired respiration promotes longevity are poorly understood. One environmental condition that 

reduces rates of respiration is hypoxia (low oxygen). Thus it is possible that mechanisms that sense 

oxygen levels play a role in the longevity response to reduced respiration rates. While performing a 

genome-wide RNAi screen to identify genes that affect the activity of the hypoxia inducible factor HIF-

1, we found that knockdown of many respiration component genes can activate HIF-1. This increased 

HIF-1 activity seems to play an essential role in the longevity caused by reduced respiration, since we 

found that the long lifespan of respiration-defective clk-1 and isp-1 mutants was significantly decreased 

by hif-1 mutations. As a potential mechanism by which conditions that reduce respiration increase HIF-1 

activity, we hypothesized that reactive oxygen species (ROS) levels rise in mutants with defective 

respiration, and that this ROS, in turn, may activate HIF-1. We showed that the respiratory clk-1 and isp-

1 mutants actually displayed elevated levels of ROS. Moreover, we found that chemically induced ROS 

levels by using paraquat can up-regulate the HIF-1 activity. Finally we demonstrated that treatment of 

low level (e.g. 250 μM) of paraquat can increase the lifespan of C. elegans in a hif-1-dependent manner. 

Taken together our data show that longevity caused by inhibition of respiration activates HIF-1 and that 

this process is mediated by ROS. In contrast to the free radical theory of aging, which suggests that ROS 

generated from mitochondria are one of the main determinants of aging, our findings indicate that ROS 

generated by mitochondrial dysfunction can actually be beneficial to aging.  


