Improving plant digestibility by in-planta expression of fungal enzymes.
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Cell walls play important roles in the life of plants. Moreover, as a major sink for
photosynthates they factor heavily in the nutrition of farm animals and - potentially – in
the future replacement of petroleum with a renewable, domestic source of fuel for
transportation needs.
Ferulic acid (4-hydroxy-3-metoxy-cinnamic acid) is the most abundant
hydroxycinnamic acid (HCA) in grass cell walls and is intracellularly esterified to
arabinosyl residues attached to arabinoxylans. These HCAs are important components of
the cell wall because they can be oxidatively coupled to form a variety of
dehydrodiferulate dimers, cross-linking hemicellulose polysaccharide chains1 and
contributing to the integrity of the cell wall. These feruloyl polysaccharide esters also
anchor lignin in the cell wall of grass, generating a ferulate-polysaccharide-lignin
complex2. Such cross-linking is among the factors most inhibitory to the biodegradation
of grass cell wall carbohydrates.
We have demonstrated previously the expression of an Aspergillus niger ferulic
acid esterase gene (faeA) in Lolium multiflorum3 and the potential of the recombinant
FAEA to break phenolic cross-links and release monomeric and dimeric ferulic acids on
cell death in plants with FAEA targeted to the vacuole. We have also attempted to
manipulate ferulate cell wall cross-linking further by targeting expression of FAEA to the
apoplast and ER/Golgi system in order to achieve more complete degradation of cell wall
polymers. We report the efficiency of gene targeting and the effect of FAEA expression
on the level of cell wall ester linked HCAs. We also show the synergistic effect of
Aspergillus FAEA and exogenous Trichoderma xylanase on the release of esterified
HCAs from grass cell walls. Our findings also indicated the positive effect of FAEA on
increasing digestibility and the kinetics of cell wall degradation under rumen conditions.
We have now produced F. arundinacea FAEA plants expressing endo-ß-1,4xylanase (XYN2)4 from Trichoderma reesi and we report whether expression of
xylanase will increase the release of ferulates further.
In conclusion we show that it is possible to genetically modify the levels of cell
wall phenolic cross-link in grasses and its digestibility by inducible expression of FAEA
to different cell wall compartments. These results also provide further understanding of
how grass cell wall composition affects digestion rates generating novel material with
altered levels of cell wall hydroxycinnamic acids.
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