
Verméglio has brought up a number of interesting points.  
 
1) Statistical models. It would be helpful if the authors could agree that either statistical model 

(supercomplexes or random distribution) can in principle explain the low equilibrium 
constant. The debate could then shift to distinction between the models, and possible tests.  
a) The supercomplex model demands a fixed stoichiometry. We have demonstrated that 

rapid electron transfer between bc1 complexes and reaction centers occurs in strains with 
stoichiometries markedly different from those of the supercomplex, and that cyt c2 can 
visit ~10 bc1 complexes on a rapid time scale in chromatophores. Both these results show 
that, at least under these conditions, most centers are not organized as supercomplexes.  

b) Verméglio asks “…why should such a statistical distribution be present in intact cells 
where all chromatophores are connected, especially if the cyt c2 can freely diffuse?” 
Whether vesicles are connected or not, the proteins would, by definition, be distributed at 
random if their diffusion was not constrained. The question is then whether redistribution 
would be rapid compared to turnover. For membrane proteins this is not likely to be the 
case because of the low diffusion coefficient. Also, since chromatophores have a different 
composition from the non-invaginated membrane, there are likely constraints to diffusion 
at the constrictions. With respect to the diffusion of cytochrome (cyt) c2 in cells, all 
experiments seem to indicated a restricted diffusion, so whatever the explanation for this, 
it would mean that the chromatophores act as local domains, and would therefore be 
subject to the constraints of the random distribution model. 

c) The disagreement between labs could then be framed in terms of different explanations 
for the restricted diffusion of cyt c2 seen in cells. I agree that the argument suggesting an 
involvement of the murein sacculus has difficulties, though it is not experimentally 
disproven, - the peptidoglycan can certainly polymerize in three dimensions. However, 
we have to weigh this element of doubt against the demonstration that the kinetics in 
chromatophores, and in mutant strains, are inconsistent with the supercomplex 

hypothesis. 
2) The structural data. It is 

useful to have agreement 
that a bc1 complex dimer 
could not fit. However, 
Verméglio asserts in his 
response that “a 
monomeric bc1 complex 
can be located in the basic 
unit of this array”; 
Verméglio and Joliot state 
in the legend to Fig. 4 that 
“The electron density 
localized outside these 
structures is tentatively 
attributed to the bc1 
complex”, and in the text 
they say that 
“Alternatively, the bc1 



complex could be localized between the two C-shaped structures”. There seem to be several 
different propositions, and it would help if the authors could be more specific. The first and 
third statements refer to different spaces, and the second to density, but this latter is 
ambiguous because the figure is based on optical diffraction analysis, rather than X-ray or 
electron diffraction.  
a) On the basis of the fitting of RC and LH1 shown in Fig. 5 of the Jungas et al. paper (1), it 

is clear that there is no room for a bc1 monomer “between the two C-shaped structures” if 
this is taken to mean the two linked “C”s.  

b) In the Figure, a transparent monomeric bc1 complex (abstracted from the chicken 
mitochondrial complex, 1bcc, appropriately scaled, and viewed down the vertical axis 
with respect to the membrane plane) is superimposed on the array taken from Fig. 4B of 
the Jungas et al. paper, and positioned in the widest gap in the array. Assuming that this 
abstracted complex is a good model for the bacterial monomeric complex, the cross-
sectional area in the membrane-spanning region of cyt b would barely fit between the 
outer diffraction map contours, and only if the anchoring helices of ISP and cyt c1 could 
be accommodated in more open slots, for example the openings of the two opposing 
“C”s.  

c) Although the gap might possibly accommodate the bc1 complex monomer, the projection 
map provides no evidence for such an occupancy, since it shows too little material in the 
gap. 

d) It is not clear how the contours derived from optical analysis of negatively stained images 
relate to protein volume in the membrane, but the models all have the LH1 helices more 
or less vertical, with a fairly uniform diameter for the resulting cylinder. Presumably 
there are protein contacts between the elements of the array; if so, the contours 
underestimate the volume. 

e) Whatever the orientation, positioning of a bc1 complex monomer as shown in the Fig. 
would lead to a marked asymmetry with respect to distances between the Qo site where 
QH2 is oxidized in cyt b and each of the reaction center QB sites where QH2 is generated, 
since one of these would be on the wrong side of the RC/LH1 dimer.  

f) The kinetics of turnover of the high potential chain following flash activation are the 
same in pufX-- strains (in which the RC/LH1 dimer is not seen) as in wild type. It seems 
unlikely that the interactions necessary to form a supercomplex would have the same 
tight association expected if the interface was so dramatically altered.  

3) Functional monomers. The question of the functionality of a monomeric bc1 complex is 
more open, and the literature has been somewhat divided.  
a) Apart from the dimeric association in the crystals, and the dimeric nature of most active 

complexes isolated, the strongest evidence for a dimer as the functional unit comes from 
examination of the mitochondrial structures. These show that the iron sulfur protein (ISP) 
is held in the dimer by a vise contributed by different spans from the sequences of b 
cytochrome from both monomers. These spans (the ab helix and the ab-B linker from 
one, and cd2 helix and cd2-D linker from the other) are highly conserved across the 
mitochondrial-α-proteobacterial divide (2). This rigid anchoring looks to be functionally 
important, since it constrains the movement of the ISP. The relatively high degree of 
polarity, conservation, and specificity involved in the interactions suggests that rigidity 
has been built in by evolution. These specific features would have to be reproduced in the 



postulated interface between a monomeric bc1 complex and the 2RC/24LH1 complex 
suggested by the authors. No evidence for any such association has been provided.  

b) The co-purification from the thermophilic bacterium PS3 of a bc1 complex with an 
oxidase (3) is interesting, but shows a feature conspicuously absent from the 
supercomplex scenario, - an association that is stable to isolation.  
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