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ABSTRACTn plantaexpression of cell wall degrading (CV%Wrolaseg)ro ises to be’a cosdffective strategy for produ
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eing enzymes that are required for converting biomass to fermentable cortgponen

Embedding such enzymes in the plant material as the plant grows could also enable more efficient processing of*‘bioriassgolpyidiolysis of plant polysaccharides with lower restrictions from mass transfer
effects, reducing or potentially eliminating the need for exogenous enzymes. Unfortunately, when expressed in transgsnicarig CWD enzymes cause severe negative phenotypes such as stunting and poor
seed set, presumably because their hydrolytic activity interferes with cell wall f'ormatiqn during normal plant dévelo@nenption to. overcome this barrier tm plantaexpression has been to generate
transgenicsn which the CWD enzymes are sequestered suocellulacompartments, away from their natural substrates. An alternative strattegy }o overcome this problem is to express the {ii¢b afnz
Inactive precursors, which can then be aqtivafed' Huastvest via any of a number of poSsible inducers. Thus, enzyme prodaatidre decqQupled from hydrolysis, enabling even higher levels of expression in
energy crops. We are developing a numbeér of such‘GV.'\/@rmam:es for expression in maize, sorghum, and switchgrass, and wesm&ing}t{eir perfofmance in transgenic plants.
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Cellulosic Biomass

A Simple sugars derived from cellulosic biomass can support a vari
fermentationbased products, includingofuels

A Releasing these sugars from plant material requires several distinc
enzymes, includingylanasesesterasesendoglucanases,
exoglucanaseg-glucosidasesetc.

A These enzymes represent a significant cost component of cellulosi (
bioprocesses ($0.50/galb0.75/gal)

A Expressing the enzymes directly in plants may make it possible to
the overall cost of producing cellulosic sugars
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Expression of Unmodified CWD Enzyme in plants

Level of Enzyme Activity In Transgenic Plants

In planta expression of cell wall degrading enzymes adversely
affects plant growth, development, and yield
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Creating Dormant Enzymes to Protect

Inteln-
Modified
Enzyme

The activity of a cell wall degrading enzyme can be blocked by
Inserting anintein into the polypeptide, thereby blocking access to
the active site or preventing correct folding
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Intein-Modified Enzyme Non-Splicing Intein
Modified Enzyme

Enzyme Activity (RFU)
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After the intein splices, enzyme activity will be restored. Conditions
that prevent splicing of the intein will also prevent enzyme activity.
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Mutagenesis and Enzyme Evolution
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B Activity (no heat treatment) B Acitivity (heat pretreatment)

Intein-modified enzymes can be developed in which intein splicing |
dependent on an external stimulus such as heat. This behavior ca
enhancedhrough mutagenesisf the inteirmodified enzyme.
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In Planta Expression of Intein Modified Enzymes

Wild-type Control Inteinrmodified  Native Enzyme See
Seed Enzyme Seed
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Native enzyme
expression

Intein-modified enzyme
expression

Maize plant expressing an
Intein-modified enzyme

Expression of inteimodified enzymes allows plants to develop
with more normal phenotypes
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In Planta Production of Enzyme Enables more

Efficient Hydrolysis of Biomass

Control Tissue ® Transgenic CWDI
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Cocktail lacking one CWLC
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No cocktail Full cocktail

Exogenous Enzymes Added

A cocktall of cell wall degrading enzymes are required to hydrolyze
cellulosic material.Tissuegrom plants that express one of these cell
wall degrading enzymes require less of that enzyme to release suge

Conclusion

A The activity of cell wall degrading enzymes can be controlled throu

conditional splicing of inteins.
A In their dormant forms, such enzymes can be expressed in plants
without interfering with plant development.

A The enzymes that have accumulated in plant tissues can be actival
postharvest, displacing the requirement for some or all exogenous

hydrolytic enzymes.




