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Potential ' Scale of Energy. Crops-derived Fuel
Production

Box 1 Box 2

Conversions Biomass energy yield per acre

1 exajoule = 108 joules!

1 exajoule = 9.48 x 10'* BTU

1 terrajoule = 1012 joules

1 terrajoule ~ 0.17 barrels of oil
1 kilojoule ~ 0.2777 watt hours
1 hectare = 2.471 acres

1 bu corn ~ 56 Ib? (25.4 kg)

1 bu soybean ~ 60 Ib

1 bu canola ~ 491b

7.7 Ibs vegetable oil ~1 gallon

1 ton of dry Miscanthus has 17,252 GJ of heat value [2]

1 acre of Miscanthus at 21 dry tons/acre! ~ 362,292 GJ
1,021,275 acres of biomass ~ 370 EJ

Terrestrial surface of earth ~32.123 x 10? acres

370 exajoules could be grown on 3.2% of the surface

'Stephen P. Long, University of lllinois, personal communication.

10ther energy interconversions at
http://fwww.mycomponents.co.uk/
energy.htm

?Exact value depends on moisture From Somerville, Curr Biol. 2007

content of seed

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 i ngredients to r &meéeniEzeign goig!l ob al
carbon neutral or carbon negative processes of

renewable energy generation.
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Rubin, Nature 2008

point of major net energy input



Typical process for cellulosic ethanol production.

Pulverized biomass

hot acid treatment
(hydrolyze hemicellulose and disrupt lignin)

neutralize and separate

nydrolysate
fermentation @d glycosidaD

glucose

fermentation




Structural Components of/Llignocellulose
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Structure of lignocellulose. The main component of
lignocellulose is cellulose, a B(1-4)-linked chain of glucose molecules.
Hydrogen bonds between different layers of the polysaccharides contribute
to the resistance of crystalline cellulose to degradation. Hemicellulose, the
second most abundant component of lignocellulose, is composed of various
5- and 6-carbon sugars such as arabinose, galactose, glucose, mannose and
xylose. Lignin is composed of three major phenolic components, namely
p-coumaryl alcohol (H), coniferyl alcohol (G) and sinapyl alcohol (S). Lignin
is synthesized by polymerization of these components and their ratio within
the polymer varies between different plants, wood tissues and cell wall layers.
Cellulose, hemicellulose and lignin form structures called microfibrils,
which are organized into macrofibrils that mediate structural stability in the

plant cell wall. :
From Rubin, Nature 2008




Different: Iypes ofiHemicellulose are
Used by Energy. Crops

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

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

A Necessitates different and to optimize
biomass conversion depending on the particular energy
crop.



ODbjective: to create more readily fermentable biomass
Via genetic engineering of;energy. crops.

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

A 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.



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

Enhanced conversion of plant biomass into glucose using A
transgenic rice-produced endoglucanase for cellulosic Transgenic rice straw extract
ethanol

Hesham Oraby - Balan Venkatesh -
Bruce Dale - Rashid Ahmad - Callista Ransom -
James Qehmke - Mariam Sticklen Glucose [giL) ©*

Percentage of E1 in the total soluble protein

Parcentage

Gonverson

Linge1 Line2 Lines Lined4 Lines

Lines

Conversion of cellulose to
glucanin non -transgenic
corn stover and rice straw

of total '\luhh:

|S dependent on added ei s .;nd u_nmn.mu_ul fi-glucosidase
cellulase ——

from Transgenic Research, 2007

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



Biomass Feedstocks and Degraders With ©Gngoing or
Completed Genome Projects Provide Available Gene Sets

Feedstocks : prospects
to customize cell walls

Populus trichocarpa (poplar) «
Chlamydomonas reinhardtii = *
Glycine max (soya bean)
Manihot esculenta (cassava)
Sorghum bicolor

Eucalyptus globulus
Brachypodium distachyon

Zea mays (maize)

Elaeis guineensis (oil palm)
Panicum virgatum (switchgrass)
Setaria italica (foxtail millet)

* . completed genomes

Acidothermus cellulofyticus 11B %

Bacillus pumilis SAFR-032 *
Caldicellulosiruptor saccharolyticus DSM 8903  *
Clostridium phytofermentans 1SDg *
Clostridium thermocellum ATCC 27405  *
Cytophaga hutchinsonii ATCC 33406
Flavobacterium johnsonige UW101  *
Rubrobacter xylanophilus DSM9941  *
Saccharophagus degradans *

Thermobifida fusca strain YX *

Clostridium cellufolyticum H10

Elusimicrobium minutum Peil91

Nectria haematococca/Fusarium solani
Phanerochaete chrysospoiffFw491

Postia placenta

Sagittula steflata E-37

Trichoderma reesei/Hypocrea jecorina
Cellulomonas flavigena DSM 20109

Cellvibrio japonicus Uedal07

Fibrobacter succinogenes subsp. succinogenes S85
Ruminococcus albus

Teredinibacter turnerae T7902

Termite hindgut community *

Poplar biomass degrading community

Asian longhorned beetle (Anoplophora glabripennis) gut
community

Bovine rumen community transcriptome

From Rubin, Nature 2008



Expression of:cell'wall'degradation enzymes in
energy. crop plants: immediate goals.

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

A 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.
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Fig. 4. A scheme for lignin biodegradation including
enzymatic reactions and oxygen activation, (for expla-
nation see text). Updated from Gutiérrez and Martinez
[22].




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 Il 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 1from Trametes versicolor 52J (wood rot fungus)
2. Lignin peroxidase H8 from Phanerochaete chrysosporium

3. Xylanase 2 from Trichoderma reesei



Strategies for Overexpression of Cellulose Degradation Enzymes in planta

1. Design and synthesize . 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 Ppecr
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 306 ends of the the synthetioc

of the desired gene product.



QuickTi meE and a pN‘W’Zi‘D
decompressor
are needed to see this picture.




Localization of GFP fusion proteins in guard cells of transgenic
Arabidopsis.

* Needs to co -express peroxisome -specific mCherry marker together with
triple -targeting construct to verify peroxisome targeting.



Expression of Recombinant Synthetic Genes using pET23a

L: pET23a-lLccl
~55-kDa

M: EZ protein markers
P: pET23a-Lph8
~40 kDa

X: pET23a-Xyn2
~24 kDa

- 17

* 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

RRRRERENEENY

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




