
Cellulose Synthase Complexes Act in a Concerted Fashion to Synthesize 
Highly Aggregated Cellulose in Secondary Cell Walls of Plants 

Significance 
We show that cellulose synthase complexes (CSCs)  
exhibit different patterns of movement in the plasma 
membrane (PM) during synthesis of primary and 
secondary cell walls (PCWs, SCWs), contributing to 
distinctive organizations of these two types of cell walls.  

Scientific Results 
During PCW synthesis, CSCs move bidirectionally, 
whereas during SCWs synthesis, densely arranged 
groups of CSCs move coherently to synthesize highly 
aggregated microfibrils.  
 

Research Details 
 We introduced fluorescent cellulose synthases 

(GFP-CESA3, GFP-CESA7) into an Arabidopsis 
line containing an inducible transcription factor that 
causes epidermal cells to transdifferentiate into 
xylem cells that form SCWs.  

 With spinning disk confocal microscopy we 
monitored CSC movements before and after 
induction of SCW formation.  
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Uncoordinated activity of 
CSCs produces cellulose 
microfibrils with low 
aggregation in PCWs 
(A&B). During SCW 
synthesis in trans-
differentiating xylem cells, 
high rates of CSC delivery 
result in swaths of active 
CSCs at the PM that move 
coherently in a common 
direction both before (C) 
and during hoop formation 
(D). The concerted activity 
of CSCs forms highly 
aggregated cellulose 
microfibrils of SCWs (E).  
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Presentation Notes
Top two panels illustrate bidirectional movement along tracks during PCW synthesis and directionally coherent movement along tracks during SCW synthesis. During PCW and SCW synthesis, PM-localized CSCs moved steadily along linear trajectories. In contrast to the bidirectional movement of CSCs along shared tracks during PCW synthesis, a majority of CSCs moved coherently in a favored direction along shared tracks during SCW synthesis. The crosshatched pattern of trajectories in kymographs from GFP-CESA3-labeled CSCs during PCW synthesis is indicative of bidirectional CSC movement, while trajectories on kymographs from GFP-CESA7-labeled CSCs mostly run in a common direction during SCW synthesis. Kymographs were derived from single track in seven-minute projection image and the directions of particle movements along the track were color-coded in schematic kymographs. Bottom panel shows the frequency of particle direction along individual tracks.
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