
The Cellulose Synthesis Complex (CSC) is made of Three Cellulose 
Synthases (CesAs) in a 1:1:1 ratio 

Significance and Impact 
The arrangement of cellulose synthase proteins 
is one key factor controlling the final structure of 
the cellulose microfibril. Plants utilize a 
hexameric rosette composed of an unknown 
number of CesAs in an unidentified stoichiometry. 
Our results show CesAs exist in an equimolar 
stoichiometry, supporting a 18-CesA model of the 
complex. This information is essential for 
understanding how CesAs assemble into CSCs. 
 

Research Details 
– Quantitative immunoblotting to determine 

molar amount of CesAs 4, 7, and 8, which 
shows a 1:1:1 stoichiometry; 

– Analysis of protein levels along the axis of the 
stem shows that this equimolar stoichiometry 
is fixed throughout development; 

– This equimolar stoichiometry, and recent 
literature on cellulose microfibril size, argue for 
a cellulose synthesis complex model of 18 
active CesAs as a hexamer of trimers; 

Hill Jr., J. L., Hammudi, M. B., & Tien, M. (2014). The Arabidopsis Cellulose 
Synthase Complex: A Proposed Hexamer of CESA Trimers in an Equimolar 
Stoichiometry. The Plant Cell, 25(12). doi:10.1105/tpc.114.131193 
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LEFT:  Quantitative 
immunoblotting 
determines average 
molar  ratio of CesA4, 7, 
and 8 in  a protein sample 
from Arabidopsis stems. 
Comparison shows a 
1:1:1 stoichiometry. 

RIGHT: Analysis 
of CesA protein 
levels from the 
base (left) to 
the tip (right) of 
the Arabidopsis 
stem. 

Scientific Achievement 
The CSC in Arabidopsis 2o cell walls has a 
fixed and equimolar stoichiometry of 3 CesAs, 
indicating a non-fluid structure based on a 
hetero-trimeric CesA building block. 

BELOW: Our current 
model for the CSC as 
a hexamer of CesA 
hetero-trimers 

Presenter
Presentation Notes
In higher plants, cellulose is synthesized by a plasma membrane embedded supercomplex visualized as a hexameric ‘rosette’ by freeze-fracture electron microscopy. This unique arrangement is one factor that gives rise to the properties of plant-based celluloses, as other cellulose synthase arrangements in bacteria (linear) and algae (arrays of rosettes) give rise to cellulose with alternative structures and properties. Understanding the composition and assembly of the rosette is a major step towards determining the mechanism for microfibril synthesis. It is known that the rosette is composed of three unique cellulose synthase (CesA) isoforms acting in a non-redundant manner, but the total number, stoichiometry, and arrangement of the CesAs is a complete mystery. In the Arabidopsis secondary cell wall, CesAs 4, 7, and 8 are responsible for cellulose synthesis. In this study, we generated isoform specific antibodies to each of these three CesAs and performed quantitative immunoblotting to determine the absolute molar concentration of each within a stem protein sample. Identical molar concentrations revealed that these CesAs exist in a 1:1:1 stoichiometry. Analysis of protein levels along the Arabidopsis stem, which represents a developmental gradient from primary cell wall (tip) to secondary cell wall (base) synthesis, revealed that the equimolar stoichiometry between CesAs 4, 7, and 8 is fixed throughout developmental stages. As a control, protein levels of a separate CesA (CesA1) was also analyzed, showing that its stoichiometry with CesAs 4, 7, and 8 varies, which is expected as all existing data shows that CesA1 does not interact with CesAs 4, 7, and 8. Additionally, it was shown through analysis of cesa null alleles that the absence of any one CesA results in severe depletion of the remaining two. This strongly suggests that CesAs are unstable in vivo outside of a hetero-trimer context. Combining these data with several spectroscopic studies that point toward an 18-24 glucan cellulose microfibril leads to a model of the rosette as a hexamer of CesA trimers. 
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