
 
 

Scheme S1. The protonmotive Q-cycle mechanism by which the cyt bc1 
complex is believed to couple electron transfer to proton translocation.  The 
horizontal band shaded with wavy lines represents the lipid bilayer, and the 
ellipse extending across the bilayer represents the bc1 complex.   

Oxidation of quinol or reduction of quinone results in release or uptake of 
protons. By arranging sequential oxidation and reduction steps to occur on 
opposite sides of the membrane, electron transport can be coupled to 
translocation of protons.  If the bc1 complex simply oxidized quinone at the P-
side of the membrane, one "scalar" proton would be released per electron 
passing through the complex to cytochrome c.  In the Q-cycle mechanism, quinol 
is oxidized at the P side of the membrane (in the Qo site, labeled "o"), but only 
one of the two electrons released is passed on to cytochrome c. Thus two 
protons are released on the P side per electron passing through. The second 
electron is recycled back to the quinol pool by a reduction taking place in protonic 
equilibrium with the N-side aqueous phase (active site Qi, labeled "i"), resulting in 
uptake of one proton per electron. This cycling of electrons from quinol back to 
quinol does not contribute to the driving force, but results in one proton being 
translocated from the N phase (normally low protonic potential) to the P phase 
(normally high protonic potential) and thus requires energy when the membrane 
is energized with the normal polarity. The energy is provided by the other 
electron, which passes on to cytochrome c and eventually to molecular oxygen in 
cytochrome oxidase. The overall stoichiometry is thus one proton translocated 
and one scalar proton released per electron, which is consistent with the 
experimentally determined stoichiometry of proton and charge translocation.  

Notice that a single turnover of the QO site provides only one electron to the 
Qi site, while two electrons are required to reduce quinone to quinol. Although 
some early models proposed dismutation or input of an electron directly from a 
dehydrogenase to complete the reduction, it appears now that this site 
undergoes two non-equivalent single-electron reactions: first reducing quinone to 
a semiquinone and then, on the next turnover of the Qo site, reducing 
semiquinone to quinol. Thus the Qi site must bind semiquinone, quinone, and 
quinol at different stages of the catalytic cycle; and an inhibitor acting at the site 
might be expected to mimic any one of these three forms of the substrate. 



 
 

 
 
Figure S1. Helix-Intercolated Waters. Stereodiagram of the beginning of helix 
A of cyt b showing how the two "intercolated" waters fit into the secondary 
structure of the helix. Purple spheres labeled W3 and W5 are the waters, the 
other atoms are backbone atoms of cyt b (residues 25 to 39) with Molscript 
default colors (C, N, O yellow, blue, and red). Side-chain atoms have been 
removed for clarity. Notice the normal α-helical interaction between atoms 35 O 
and 39 N, and compare the relation of 31 O with 35 N or 30 O with 34 N. 


