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Abstract  
Complex I (NADH:ubiquinone oxidoreductase) is the largest and most complicated component of the 

mitochondrial respiratory chain. Its involvement in neurodegenerative disorders and role in the generation 
of reactive oxygen species are well established. Yet, our understanding of complex I is limited by the lack of 
structural information at the atomic level. We have obtained crystals of complete mitochondrial complex I 
from Yarrowia lipolytica diffracting to ~4 Å and have calculated an electron density map at 6.8 Å resolution. 
This allowed us to locate functional modules and all canonical iron-sulfur clusters. In combination with 
extensive mutagenesis studies the structural data show that the ubiquinone reduction site resides a 
remarkable ~30 Å above the membrane. It is located at the interface between the 49-kDa and the PSST 
subunit of the peripheral arm. We propose an entry pathway for ubiquinone leading to a conserved tyrosine 
next to iron-sulfur cluster N2. We have also mapped domains interacting with different classes of 
hydrophobic complex I inhibitors. Our structural analysis also revealed a remarkable ~60 Å long helical 
element that extends along the membrane arm and may transmit conformational energy to a proton 
pumping module at the distal end of the membrane arm.  

The observed topology of functional modules within complex I suggests a conformational, and 
essentially excludes a direct coupling mechanism. Thus, we propose that long range conformational 
changes drive proton pumping of complex I via a two-state stabilization change mechanism involving 
distinct binding modes of charged ubiquinone intermediates.  
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