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Wood properties are dependent on the wood cell wall architecture 
We can use Arabidopsis as a model system to study cell wall properties  

using plants with modified composition 



Wood properties are dependent on the wood cell wall architecture 

Research aims  
•  What is the molecular architecture of the plant cell wall? 
•  What are the functions of the different polymers? 
•  Can we change the composition to improve biomass properties? 
•  How are the polymers made by the plant?  

Only when we understand the architecture will we be able to make a 
step change in wood processing and use 



Gomes and Skaf, Campinas, Brazil 

Cellulose, a semi-crystalline fibre composed of glucose chains. 

• How many chains in a fibre? 
• What is the arrangement of the chains? 
• Stable structure, difficult to digest with enzymes 

Jarvis et al. Glasgow, UK 



There are several different ‘hemicelluloses’ in cell walls 

modified from Pauly and 
Keegstra, 2008 

•  40% of sugar in woody biomass is in ‘hemicellulose’ 
•  The majority of hemicellulose in biomass is xylan or mannan 
•  What is the arrangement of hemicellulose in the cell wall? 

Hardwood, grasses 

Softwood 



Primary and secondary cell walls have different composition 
and molecular architecture of polymers 

Secondary 

Primary 



Hypothetical model of a primary cell wall architecture 

Somerville et al. 2004; after McCann and Roberts. 



Hypothetical model of secondary cell wall architecture 
Xylan or glucomannan binds and crosslinks cellulose and lignin  

 
•  How does xylan bind to cellulose and 
lignin? 
•  Is it aligned on the cellulose? 
•  What are the molecular interactions 
between cellulose and xylan? 

• Hypothetical model structure 



 
•  Discovery of enzymes of polysaccharide synthesis 

•  Engineering of polysaccharide structure 

•  Study the influence of cell wall composition on wood 
function and processing 

•  Study cell wall architecture by comparing normal and 
modified cell walls 

 

Experimental approach 	




Engineering the structure of woody cell walls	


Genes	

???	


GM/Mutant	

Arabidopsis	


Altered:	

Plant growth,	


Wall properties,	

Sugar extraction	


	


Novel 
polysaccharide 	

structures and 
properties / uses	


Test in crop plants	




A mutant has no stem glucomannan detectable by 
immunofluorescence, sugar composition, enzymatic 

hydrolysis 
No developmental or strength phenotype detected so far 

Calcofluor  
white 

Wt 

anti- 
mannan 

anti- 
xylan 

clsa2/csla3/csla9 

clsa9 

Goubet et al. 2009 



Xylan synthesis model 

MeT 
Acetylation GUX 

XAT 
????? 

•  Backbone synthase in Golgi apparatus 
•  Glycosyltransferases adding decorations of Glucuronic acid, arabinose. 
•  Acetylation and methylation 
 



A B 

C D 

ph ph 

ph ph 

Col-0 irx14 parvus-3 irx8 

E 

Xylan synthesis (irregular xylem (IRX) genes)	

 required for secondary cell wall strength	


Collaboration David Brown and Simon Turner, Manchester 

WT irx8 

irx14 parvus 



Xylan polysaccharide profiling	


Cell wall polysaccharide mixture 

Mutant 
Arabidopsis 

Oligosaccharides 

PACE 
profile, 

structure, 
quantity 

Enzyme hydrolysis 

Wild type 
Arabidopsis 

Mass spectrometry 
size, 

linkage 

Harry Gilbert 
Newcastle 



Xyl 

(Xyl)2 

(Xyl)3 

* 

* 

(Xyl)4 

WT irx10-L irx10-L 
irx10 

irx10 No wall  
control 

* 

[Me]GlcUA(Xyl)4 

Xylanase GH11 

Collaboration Simon Turner, David Brown, Manchester 
Brown et al (2009) Plant Journal 

IRX10+IRX10L, two similar GT47 glycosyltransferases are required 
for xylan synthesis 

PACE  



GUX1 and GUX2 glycosyltransferases are required for branching of 
xylan. The gux xylan shows reduced MeGlcA branching. 

Xyl 
MeGlcA 

GlcA 

Mortimer et al (2010) PNAS 



gux xylan has no sugar substitution, only acetylation.  
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Mortimer et al (2010) PNAS 



There is no visible phenotype, even in the double gux mutant 
lacking any sugar decoration on the xylan. 



TEM of xylem fibres 

Mechanical strength of stems, 
tested using a four-point stem-
bending assay. 

gux1 gux2 has normal cell wall thickness, but slightly weaker stems. 

WT 
WT mean 

gux1 gux2 mean 
gux1 gux2 



gux1 gux2 xylan is hydrolysed to xylose only, reducing sugar waste.  

Pentose  
fermentation 

Xylanase 

Xylosidase 

gux1 gux2 

Xylanase 

Xylosidase 

Xyl 
MeGlcA 

GlcA 

WT, irx9, irx14 

Pentose  
fermentation 

Unfermented 
sugars 

Lignin Mortimer et al (2010) PNAS 



Heterologous wheat GT61 expression in Arabidopsis 	

gux mutants yields arabinose on xylan	


Nadine Anders 

Wheat GT61 
expressed under 
IRX9 promoter 
(Linked to xylan 
synthesis) 



Dora Tryfona 

Heterologous GT61 expression in Arabidopsis yields 
α(1,3)-linked arabinofuranosyl xylan substitution	


	


MALDI Tof/ToF MS/MS CID	




O 

Engineering of xylan in Arabidopsis 
Xylose 

Glucuronic acid 
Arabinose 
4-O-methyl 
O-Acetyl 

Glucuronoxylan 

Arabinoxylan 

Anders et al (2012) PNAS 



Cell wall modifications generated by the research field  
•  Reduced xylan acetylation 
•  Shorter xylan chains 
•  No sugar decorations on xylan 
•  No methylation of xylan glucuronic acid 
•  Novel sugar decorations on xylan 
•  No glucomannan 
•  Altered lignin 
•  Altered cellulose crystallinity 

• Hypothetical model structure 



Engineering of modified plant cell wall 

 
• Xylan backbone quantity cannot be reduced without 
consequences for viability of the plant 

•  Xylan decoration can be changed is a target for breeding or 
manipulation to improve lignocellulose characteristics 

•  Glucomannan is not essential in hardwood cell walls 

• Other studies show lignin can be modified 
 



Engineering the structure of woody cell walls	


Genes	
 GM/Mutant	

Arabidopsis	


Altered:	

Plant growth,	


Wood properties,	

Sugar extraction	


	


Novel 
polysaccharide 	

structures and 

properties, new uses	


Test in crop plants	


2D/3D ssNMR	

XRD,	


Enzyme 	

accessibility to 

polymers	


Cell wall 
architecture 

models	
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Golgi enzymes and    
PACE, glycan analysis   
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