
Pectins greatly reduced mobility of water and increase water interactions 
with cellulose within complex primary cell walls 

Significance and Impact 
Wall polymer hydration greatly affects the 
physical and functional properties of plant cell 
walls. Our results show that pectin gelation within 
the wall greatly reduces water mobility and 
enhances water interactions with all cell wall 
components. The results support the conclusion 
that pectin-cellulose interactions are more 
important than commonly believed. 
 
 

Research Details 
– Water proximity to cellulose, hemicellulose 

and pectins was assessed by water 1H spin 
transfer to 13C in polysaccharides; 

– Water−pectin spin diffusion is much faster 
than water−cellulose spin diffusion; 

– Removal of calcium-extracted pectin 
(homogalacturonan) greatly increased water 
mobility, and slowed spin diffusion to all 
components of the wall; 

– This effect was partially reversed by enzymatic 
removal of xyloglucans.  
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Scientific Achievement 
Water dynamics and interactions within the 
plant cell wall strongly depend on the state of 
pectin, implying that by stabilizing water 
structure pectins influence water’s interactions 
with cellulose and hemicelluloses.  

ABOVE:  Comparisons of water-polysaccharide spin 
diffusion buildup curves of wall samples after serial 
extraction of selective wall components. Buildup 
curves of the 69-ppm peak (pectin) and the 89-ppm 
peak (crystalline cellulose). 

Serial treatments: 
Unextracted walls 
Pectins extracted 
XEG digested 
CXEG digested 

BELOW:  Pectin extraction 
(sample #2)  narrows the 1H 
line widths and increases 
the 1H  T1 values, indicating 
increased water mobility. 

Presenter
Presentation Notes
The polysaccharide-rich plant cell walls are hydrated under functional conditions, but the molecular interactions and proximities between water and polysaccharides in the wall have not been investigated. In this work, we employ 1H spin diffusion solid-state NMR techniques to study the hydration of primary-wall polysaccharides of the model plant, Arabidopsis thaliana. By transferring water 1H polarization to polysaccharides through distance-dependent and motionally averaged 1H-1H dipolar couplings and detecting it through polysaccharide 13C signals, we obtain information about water mobility and water proximity to cellulose, hemicellulose, and pectins. Both intact and partially extracted cell wall samples are studied. Our results show that pectins are better hydrated than cellulose in all samples, but the extent of extraction has a profound impact on water – polysaccharide spin diffusion. Removal of calcium ions and the consequent extraction of homogalacturonan (HG) significantly slowed down spin diffusion, but further extraction of matrix polysaccharides restored the spin diffusion rate. These trends are observed in cell walls with similar water content, thus they reflect inherent differences in the mobility and spatial distribution of water. Combined with quantitative analysis of the polysaccharide contents, our results indicate that calcium ions and HG gelation increase the amount of bound water, which facilitates spin diffusion, while calcium removal disrupts the gel and gives rise to highly dynamic water, which slows down spin diffusion. The recovery of spin diffusion rates after more extensive extraction is attributed to increased water-exposed surface areas, i.e. better hydration, of the polysaccharides. The water-cellulose spin diffusion trend follows the water-pectin spin diffusion trend, lending support to the single-network model of plant primary walls and indicating that a substantial fraction of the cellulose surface is surrounded by pectins. 
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