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• Six Partners
– Lawrence Berkeley National Lab
– Sandia National Lab
– Lawrence Livermore National Lab

• Four Science and Technology Divisions
– Feedstocks
– Deconstruction
– Fuels Synthesis
– Technologies

• Single location
– Emeryville, CA

– UC Berkeley
– UC Davis
– Carnegie Institute
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Cell Wall Synthesis & Grass Genetics
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How is hemicellulose synthesized?

B



Hemicellulose and pectin (20% of a plant mass)

Synthesized by large family of redundant proteins (450 to 800)
highly complex
contain large fractions of hard-to-ferment sugars (e.g. xylose)
contain phenolic crosslinks
contain acetyl esters that inhibit deconstruction and 
fermentation

Only few of the enzymes involved in their 
biosynthesis are known!

Modifying matrix polysaccharides
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CESA-CSL superfamily responsible for synthesis 
of cellulose and hemicelluloses

β-1-3,1-4-glucan 
synthases

Cellulose 
synthases

?

(Gluco-)mannan 
synthases

Xyloglucan 
synthases

Lan Yin
Henrik Scheller
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CslD proteins are mannan synthases

• In two assays, CslD5 shows mannose mannosyltransferase activity
• Mannan may potentially replace xylan for improved deconstruction

and fuel synthesis
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csld2/csld3/csld5 triple mutant

Multiple CslD proteins required for one function

Csld5 + (d3 or d2) required for plant growth
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769 rice GT gene models were identified and classified into 40 families

Prioritization of rice GTs through bioinformatics
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282 putative rice-specific GTs in 24 families
(no orthologs in Arabidopsis, Populus, Medicago, Ricinus)

33 genes prioritized based on expression levels in stem/leaf
Peijian Cao
Laura Bartley
Pam Ronald
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http://ricephylogenomics.ucdavis.edu/cellwalls/gt/

Cell wall enzyme database
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Cell Wall Engineering
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Can we overcome lignin recalcitrance?
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- monolignols
- glycosylated monolignols

Cytosol

Apoplast Vesicular transport
passive transport

Transporters

Plasma membrane transport? 

“These data, produced with the best microscopy tools that 
are available today, support a model where unknown 

membrane transporters, rather than Golgi vesicles, export 
monolignols.”

Lacey Samuels (Kaneda et al., 2008 Plant Physiology)

The elusive monolignol export pathway
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Screening for the lignin transporter

4/2/2009

16

mM

mM

M
on

ol
ig

no
ls

 a
nd

 d
er

iv
at

esYeast Δabc7

Yeast Δabc8

Yeast Δabc7

Yeast Δabc8

control

control

16



Systems Biology
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Can we use ‘big biology’ to further cell wall biosynthesis
and fast track targets?



Subcellular Characterization of Golgi

Plant Cell Wall

Golgi apparatus

Many complex sugars destined for 
the plant cell wall are

synthesized at the Golgi apparatus

The Golgi appears to be sub-compartmentalized, potentially a crucial 
feature of hemicellulose design

GT2-YFP GUT1-YFP

Yumiko Sakuragi 
University  Copenhagen

Distinct Golgi sub-
compartments by FP
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High purity Golgi from plants
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Isolate Golgi
by denisty 

centrifugation

Analyze
proteome 

Purify Golgi
using FFE

LC-MS/MS

Golgi

Plastid

Mito

1 2 3 4

Mito Golgi



Comparative Golgi Proteomics

Do cell wall biosynthetic compartments from different tissues 
contain the same protein and sugar content?
Can we correlate proteomics and metabolomics with cell wall 
structure in tissues, mutants and ecotypes?



Modified from Somleva, Crop Science 2002

regenerate

3 months

1.1 - 3.6% {50x less efficient compared to rice}

root

seed

2 months

co-cultivate

Select

callus

Grass Genetics – Transforming Switchgrass

Target
genes
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Summary of targets at JBEI
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• Functional characterization of GT’s involved in hemicellulose 
biosynthesis

• Targeting monocot (grass) specific GT’s involved in hemicellulose 
biosynthesis

• Golgi proteomics to identify new targets involved in 
hemicellulose biosynthesis and comparative studies

• Attempt lignin replacement for improved deconstruction

• Identify lignin transporter to for replacement strategies
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Feedstocks: Approach at JBEI
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• Understand & modify polysaccharide biosynthesis
• Focus on hemicellulose

• Modify lignin to aid deconstruction 
• Introduction of cleavable linkages

• Systems approaches to cell wall biology
• Rice and Arabidopsis as model plant systems to apply 

to switchgrass

B


