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Potential Scale of Energy Crops-derived Fuel 

Production

From Somerville, Curr Biol. 2007

Global energy market: ~370 exajoules/yr. = ~170 M barrels of oil/day



Efficient and sustainable practice for energy crop 

production as well as cellulosic fermentation will be 

key ingredients to realizing global ñGreen Energy ò ï

carbon neutral or carbon negative processes of 

renewable energy generation.



Biomass conversion to ñGreen Energyò

point of major net energy input

Rubin, Nature 2008



Typical process for cellulosic ethanol production.
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Structural Components of Lignocellulose

From Rubin, Nature 2008



From Rubin, Nature 2008



Different Types of Hemicellulose are 

Used by Energy Crops

Â Group I :  Contains principally xyloglucan as the principal 
hemicellulose and relatively higher proportion of pectins.  
Typical of dicotyledonous plants (and some monocots).  

Â Group II:  Contains arabinoxylans and mixed linkage 
glucan in addition to xyloglucan.   Characteristic of 
monocotyledonous plants such as maize and rice.

Â Necessitates different enzymes and treatments to optimize 
biomass conversion depending on the particular energy 
crop.



Objective: to create more readily fermentable biomass 

via genetic engineering of energy crops.

Â Endogenous expression of degradative enzymes in energy 
crop plants to minimize or eliminate the need for their 
addition - transgenics .

Â To facilitate the engineering of energy crops, the 
suppression of somaclonal variations in tissue culture will 
minimize the time and work for producing desired traits.



Transgenic rice straw extract

Proof - of - concept for first area: facilitating biomass 
conversion via transgenic approaches.

Conversion of cellulose to 
glucan in non - transgenic 
corn stover and rice straw 
is dependent on added 
cellulase

from Transgenic Research, 2007

E1 = catalytic domain of Acidothermus cellulolyticus endo -1,4 - glucanase



Biomass Feedstocks and Degraders With Ongoing or 

Completed Genome Projects Provide Available Gene Sets

Feedstocks : prospects 
to customize cell walls

Degraders :  tool box for 
genetic engineering
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From Rubin, Nature 2008



Expression of cell wall degradation enzymes in 

energy crop plants: immediate goals.

Â Overexpression of target enzymes in stable 
transgenic plants to degrade hemicellulose and 
disrupt lignin.

Â Demonstration of enzyme activities in plant cell 
extracts and compare rates of biomass 
conversion rate between wild - type and transgenic 
plants.



Laccase and Lignin Peroxidase are key enzymes in lignin biodegradation.



Xylanase is a class of enzymes that degrade linear 

polysaccharide beta -1,4 -xylan into xylose, thus breaking 
down hemicellulose.  It is especially relevant for group II cell 
walls (monocots) since it is able to degrade arabinoxylan 
while cellulases cannot .  For this purpose, xylanases are 
present in fungi for degrading plant biomass into carbon 
source.

Three Fungal Genes are Chosen for Overexpression Studies

1. Laccase 1 from Trametes versicolor 52J (wood rot fungus)

2. Lignin peroxidase H8 from Phanerochaete chrysosporium *

3. Xylanase 2 from Trichoderma reesei *

* Draft sequence of cell wall degrader completed



Strategies for Overexpression of Cellulose Degradation Enzymes in planta

1. Design and synthesize codon -optimized genes : using known 
codon -usage of rice and Arabidopsis where whole genome 
annotation have been performed, synthetic versions of 
laccase 1, lignin peroxidase H8 and xylanase 2 were made 
and cloned.

2. Sequestration of translated proteins in multiple subcellular 
compartments.  Secretion signal peptide (SP) at the 5ô end 
of the fungal genes were substituted with the dual targeting 
transit peptide (DuTP) sequence from the Arabidopsis 
histidyl - tRNA synthase ( AtHRS1 ) gene.  This should target 
the linked peptides to the mitochondria and plastids .  A 
peroxisome targeting tripeptide sequence (SKL) is inserted 
at the 3ô ends of the the synthetic genes as well to affect 
triple targeting of the desired gene product.



Constructs Created to Optimize Overexpression of 
Target Enzymes in Plants

QuickTimeÊ and a
 decompressor

are needed to see this picture.

pNW241

pNW240



Localization of GFP fusion proteins in guard cells of transgenic 
Arabidopsis.
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* Needs to co -express peroxisome -specific mCherry marker together with 
triple - targeting construct to verify peroxisome targeting.



Expression of Recombinant Synthetic Genes using pET23a
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L : pET23a -Lcc1
~55 kDa

M: EZ protein markers

P:  pET23a -Lph8
~40 kDa

X:  pET23a -Xyn2
~24 kDa

* Enzyme assays with bacterial extracts will be performed and synthetic 
genes will now be subcloned into plant expression vectors to test for 
expression in planta by transient and stable transformation.



Tissue Culture Induces Transposable Element Activities

Rice retrotransposon number increases as a 
function of time in tissue culture - activation of 
transposable elements is likely an important 
factor for somaclonal variations .


