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Fowler et al., 2010 ) and assembled complexes in vitro using these components, with CheA and 
CheW present in excess. The mixture of puri�ed proteins also contained the molecular crowding agents 
PEG-8000 and trehalose to simulate cytoplasmic conditions. Once formed, the complexes activated 
the kinase as effectively as when assembled on vesicles (Fowler et al., 2010 ). Using ECT, we observed 
extended arrays with identical architecture to that of the in vivo cytoplasmic clusters described above: 
two baseplates, approximately 31 nm apart, �ank two hexagonal lattices of chemoreceptor trimers 
with 12 nm center-to-center spacing ( Figure 7 ). The receptors from the two sides interact at their 
methylation tips. Again, as we observed for transmembrane chemoreceptors, the kinase-binding tips 
were well ordered, with decreasing order towards the middle of the sandwich.

Curvature of R. sphaeroides  cytoplasmic arrays is an intrinsic property
The most striking difference between the cytoplasmic arrays in R. sphaeroides and V. cholerae was the 
curvature observed in the former. In all cases observed, cytoplasmic V. cholerae arrays and arrays 
formed in vitro from E. coli cytoplasmic receptor fragments were �at, while those of R. sphaeroides 
exhibited kinks and regions of high curvature, even forming full rings in some cases. We wondered if 
this curvature may be induced by interactions between the �uorophores rather than being a property 
of the arrays themselves, as tags are known to introduce such artifacts (e.g., Swulius and Jensen, 2012 ). 
To test this, we performed tomography of high-pressure frozen, freeze-substituted cells overexpressing 

arrays (brackets with arrowheads) in tomograms of R. sphaeroides cells lysed with molecular crowding agents 
added. Distance between baseplates is approximately 30 nm. Scale bars 100 nm.
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Figure 5. Continued

Figure 6 . In vivo architecture of the V. cholerae cytoplasmic array. Left: side view of a membrane-bound 
chemoreceptor array (MA) and a cytoplasmic chemoreceptor array (CA). The cytoplasmic array is composed of two 
parallel CheA/W baseplates approximately 35 nm apart. The chemoreceptors are sandwiched between the two 
baseplates and are hexagonally packed with a 12 nm center-to-center spacing. Right: top views of the receptor 
packing close to the CheA/CheW baseplate on either side and corresponding power spectra (top insets), as well as 
sixfold symmetrized subvolume averages (bottom insets) reveal that the hexagonal arrangement of the receptors is 
identical to that of the membrane bound array described previously ( Briegel et al., 2009 ). Scale bars 50 nm. CA, 
Cytoplasmic chemoreceptor array; MA, membrane-bound chemoreceptor array; IM, inner membrane; OM, outer 
membrane. Power spectra not to scale.
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