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[0001] CONSOLIDATED PRETREATMENT AND HYDROLYSIS OF
PLANT BIOMASS EXPRESSING CELL WALL DEGRADING ENZYMES

[0002] This application claims the benefit of U.S. provisional application
No. 61/449,769 filed March 7, 2011, which 1s incorporated herein by reference
as 1f fully set forth.

[0003] The sequence listing electronically filed with this application
titled “Sequence Listing,” created on March 7, 2012, and having a file size of
620,037 bytes 1s incorporated herein by reference as if fully set forth.

[0004] FIELD OF INVENTION
[0005] The disclosure relates to methods for producing soluble sugars
from plants expressing cell wall degrading enzymes, transgenic plants,

expression vectors, nucleic acids, and cell wall degrading proteins.

[0006] BACKGROUND

[0007] Lignocelluosic biomass 1s an attractive feedstock for the
production of biofuels, chemicals, and bioproducts. Lignocellulosic biomass
provides many benefits, including abundant availability, potential low cost,
sustainability, and the fact that it 1s not ordinarily consumed by humans as a
source of food (Langeveld JWA et al. 2010 Crop Sci1 50: S131-S151). To convert
lignocellulosic biomass into renewable energy and biochemicals, bioprocesses
convert a portion of the lignocellulosic biomass into simple sugars, which are
converted into biofuels or other bioproducts.

[0008] The cost of sugar production through biological conversion is
expensive due to the costs of biomass pretreatment and enzymatic hydrolysis
(Alvira P et al. 2010 Bioresour Technol 101: 4851; Abramson M et al. 2010
Plant Science 178: 61; Daniel Klein-Marcuschamer et al. Biotechnol. Bioeng.
2012; 109:1083). Plant cell walls are recalcitrant to enzymatic hydrolysis
because the heterogeneity, chemical composition and structural features of the
cell wall polysaccharides make them inaccessible to hydrolytic enzymes (Zhu L

et al. 2008 Bioresour Technol 99: 3817). For this reason, enzymatic hydrolysis
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requires a pretreatment that can make plant cell walls accessible. The
pretreatment technologies prevalent in industry typically employ harsh
conditions such as high temperatures and extreme pHs (Wyman CE et al.
2005 Bioresour Technol 96:1959; Mosier N et al. 2005 Bioresour Technol 96:
673). These conditions cause sugar degradation and result in reduced sugar
yields and formation of toxic fermentation compounds, requiring expensive
additional steps for detoxification, separation and neutralization as well as
expensive up-front capital equipment.

[0009] Pretreatment costs, high costs of exogenous enzyme loadings,
slow hydrolysis rate, and limited supply of enzymes are also concerns for the

commercialization of processes involving lignocellulosic biomass.

[0010] SUMMARY

[0011] In an aspect, the invention relates to a method for producing
soluble sugars from engineered plant material. The method includes
pretreating by mixing the engineered plant material with a pulping
formulation to form a mixture. The engineered plant material includes a first
polynucleotide sequence encoding a first protein selected from the group
consisting of: a xylanase, an endoglucanase, an exoglucanase, a feruloyl
esterase, an intein-modified xylanase, an intein-modified endoglucanase, an
intein-modified exoglucanase, and an intein-modified feruloyl esterase. The
method also includes providing hydrolysis conditions.

[0012] In an aspect, the invention relates to an engineered plant. The
engineered plant includes a first polynucleotide sequence encoding an amino
acid sequence with at least 90% 1dentity to a first reference sequence selected
from the group consisting of: SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, SEQ ID NO: 10, and SEQ ID NO: 11.

[0013] In an aspect, the invention relates to an expression cassette. The
expression cassette includes a first polynucleotide sequence capable of
hybridizing under conditions of moderate stringency to a nucleic acid

consisting of a first reference sequence selected from the group consisting of:

2.
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SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID
NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, and SEQ ID NO: 39 [P77853:5158-
30-108-35]. The expression cassette also includes a second polynucleotide
sequence capable of hybridizing under conditions of moderate stringency to a
nucleic acid consisting of a second reference sequence selected from the group
consisting of: SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO:
35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID
NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, and SEQ ID: 43. The SEQ ID NO
selected as the first reference sequence is different than the SEQ ID NO
selected as the second reference sequence.

[0014] In an aspect, the invention relates to an expression cassette. The
expression cassette includes a polynucleotide sequence capable of hybridizing
under conditions of moderate stringency to a nucleic acid consisting of a
reference sequence selected from the group of sequences consisting of: SEQ ID
NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56,
SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID
NO: 61, and SEQ ID NO: 62.

[0015] In an aspect, the invention relates to an expression vector. The
expression vector includes a polynucleotide sequence capable of hybridizing
under conditions of moderate stringency to nucleic acid consisting of a
sequence selected from the group consisting of: SEQ ID NO: 68, SEQ ID NO:
69, SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID
NO: 74, SEQ ID NO: 75, SEQ ID NO: 76 , SEQ ID NO: 77, SEQ ID NO: 78,
SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 82, and SEQ ID
NO: 83.

[0016] BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The following detailed description of the preferred embodiments
of the present invention will be better understood when read in conjunction
with the appended drawings. For the purpose of illustrating the invention,

there are shown in the drawings embodiments which are presently preferred.
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It 1s understood, however, that the invention is not limited to the precise
arrangements and instrumentalities shown. In the drawings:

[0018] FIG. 1 1s a process flow diagram 1illustrating steps of consolidated
pretreatment and hydrolysis of plant biomass expressing cell wall degrading
enzymes.

[0019] FIGS. 2A-2B 1illustrate glucose (FIG.2A) and xylose (FIG.2B)
yields from a pretreated transgenic plant expressing xylanase A
(XynA.2015.05) and a transgenic control plant lacking xylanase A
(TGC.4000.12) after enzymatic hydrolysis with enzyme cocktail #5 (FCt; gray
(middle bar of each set of three)); or the enzyme cocktail #5 lacking xylanase A
(Ct-Xyn; diagonal stripes (right)); or no enzymes (NCt; white (left)).

[0020] FIGS. 3A-3B 1illustrate glucose (FIG.3A) and xylose (FIG.3B)
yields from a pretreated transgenic plant expressing xylanase B (XynB.
2063.17) and a pretreated wild-type control plant (AxB) after enzymatic
hydrolysis with enzyme cocktail #1 (FCt; gray (middle)); or the enzymatic
cocktail #1 lacking xylanase (Ct-Xyn; diagonal stripes (right)), or no enzymes
(NCt; white (left)).

[0021] FIG. 4 illustrates glucose yields from pretreated transgenic
plants expressing endoglucanase (EG) following enzymatic hydrolysis with
enzyme cocktail #1 (FCt; gray (middle)), or the enzymatic cocktail #1 lacking
endoglucanase (Ct-EG(right)), or no enzymes (NCt; white (left)). FIG. 4A
1llustrates glucose yield from transgenic plants expressing endoglucanase A
(EGA.2049.02 and EGA.2049.10) and a transgenic control plant lacking
endoglucanase (TGC.4000.12). FIG. 4B illustrates glucose yield from a
transgenic plant expressing endoglucanase B (EGB2042.03) and a transgenic
control plant lacking endoglucanase (T'GC.2004.8.02).

[0022] FIGS. 5A-5D 1llustrate hydrolysis results with transgenic plants
expressing multiple proteins. FIGS. 5A and 5C illustrate glucose yields, and
FIGS. 5B and 5D illustrate xylose yields from test transgenic plants and the
transgenic control plants with cocktail #1. FIGS. 5A and 5B illustrate results
with 1) double stack transgenic plants XynA/AccA/B.2096.05 and
XynA/AccA/B.2096.01, which express xylanase A (XynA) and accessory
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enzymes (Acc) and 2) a transgenic control plant TGC.2004.8.02 in treatments
with a full enzyme cocktail (FCt; dark gray (middle)), a full cocktail lacking
xylanase (FCt-Xyn; striped bars (right)) and no enzymes (NCt; white bars
(left)). FIGS. 5C and 5D 1illustrate results with 1) a transgenic plant
EGA/XynA.2242.09 expressing XynA and EGA and 2) a transgenic control
plant TGC.4000.12 in treatments with a full enzyme cocktail (FCt; dark gray
(left bar of the four for each sample)), a full cocktail lacking xylanase (Ct-Xyn,;
diagonal stripes (second from left)), a full cocktail lacking endoglucanase (Ct-
EG; white (third from left)) and a full cocktail lacking xylanase and
endoglucanase (Ct-Xyn-EG; checked (fourth from left)).

[0023] FIGS. 6A—6B 1illustrate glucose and xylose yields, respectively,
from the stover of the pretreated wild type control plant AxB and the
transgenic maize plants XynB/EGA/CBHB.2349.56,
XynB/EGA/CBHB.2349.55, and XynB/EGA/CBHA.2345.116, which express
triple stacked proteins. The yields were measured following enzymatic
hydrolysis with the enzyme cocktail Accelerase® 1500/XY (FCt; black bars
(right)) compared to a control treatment lacking the enzyme cocktail (NCt;
gray bars (left)).

[0024] FIGS. 7A-7B illustrate glucose and xylose yields, respectively,
from transgenic plants. FIG. 7A shows glucose yields from pretreated
transgenic switchgrass plants expressing xylanase A (XynA.pv2015.3c,
XynA.pv2015.4c) and a pretreated wild-type switchgrass plant (Alamo)
following enzymatic hydrolysis with the enzyme cocktail #1 (FCt; gray
(middle)); the cocktail #1 lacking xylanase (Ct-Xyn; diagonal stripes (right));
and a control treatment lacking the enzyme cocktail (NCt; white (left)). FIG.
7B shows the xylose yield results from a pretreated first generation transgenic
plant expressing xylanase A (XynA.2015.05.T0), a second generation
transgenic plant expressing xylanase A (XynA.2015.05.T1) and a pretreated
transgenic plant lacking xylanase (T'GC.4000.11) following enzymatic
hydrolysis with the enzyme cocktail #1 (FCt; gray (middle)); the cocktail #1
lacking xylanase (Ct-Xyn; diagonal stripes (right)); and a control treatment

lacking the enzyme cocktail (NCt; white (left)).
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[0025] FIGS. 8A—-8B 1illustrate glucose and xylose yields, respectively,
from two pretreated transgenic switchgrass plants expressing xylanase A
(XynA.pv2015.3¢c and XynA.pv2015.4c) compared to a control non-transgenic
switchgrass plant (Alamo) following enzymatic hydrolysis with enzyme
cocktail #1 (FCt; gray (middle)); enzyme cocktail #1 lacking xylanase (Ct-Xyn;
diagonal stripes (right)) and a control treatment lacking the enzyme cocktail
(NCt; white (left)).

[0026] FIGS. 9A-9B 1illustrate glucose and xylose yields, respectively,
from a pretreated transgenic plant (XynA.2229.110) expressing intein-
modified XynA (1XynA) and a pretreated wild-type control plant (AxB)
following enzymatic hydrolysis with enzyme cocktail #1(FCt; gray (middle));
enzyme cocktail #1 lacking xylanase (Ct-Xyn; diagonal stripes (right)) and a
control treatment lacking the enzyme cocktail (NCt; white (right)).

[0027] FIG. 10 1illustrates the time course of the glucose yield from
enzymatic hydrolysis of a pretreated transgenic plant expressing xylanase A
(XynA.2015.5T1; closed triangle), and a pretreated transgenic plant
expressing xylanase B (Xyn B.2063.17; closed circle) versus a transgenic
control plant (T'GC.2004.8.02; open square) using enzyme cocktail #1.

[0028] FIG. 11 illustrates the time course of glucose yield from
enzymatic hydrolysis of a pretreated transgenic plant (EGA.2049.10) and a
pretreated transgenic control (TGC.4000.11) using enzyme cocktail #1
(EGA.2049.10.FCt, closed square; TGC.4000.11.FCt, open diamond) and the
enzyme cocktaill #1 lacking endoglucanase (EGA.2049.10.Ct-EG, closed
triangle; TGC.4000.11.Ct-EG, open circle).

[0029] FIGS. 12A-12B illustrate time courses of the glucose yield from
enzymatic hydrolysis of a pretreated transgenic plant (EGA/XynA.2242.09)
and a pretreated transgenic control plant (T'GC.4000.11) using the full enzyme
cocktail (EGA/XynA.2242.09.FCt, closed square; TGC.4000.11.FCt, open
diamond) compared to treatments using the full enzyme cocktail lacking
endoglucanase (EGA/XynA.2242.09.Ct-EG, closed circle; TGC.4000.11.Ct-EG,
open circle in FIG. 12A) and the full enzyme cocktail lacking xylanase
(EGA/XynA.2242.09.Ct-Xyn, closed circle; TGC.4000.11.Ct-Xyn, open circle).
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[0030] FIGS. 13A-13B illustrate time courses of glucose and xylose
yields, respectively, from a pretreated transgenic plant expressing xylanase A
and feruloyl esterase B (XynA/AccB.2092.103) and a pretreated transgenic
control plant (T'GC.4000.11) following enzymatic hydrolysis with the full
enzyme cocktail (XynA/AccB.2092.103.FCt, closed square; TGC.4000.11.FCt,
open diamond) and the full enzyme cocktail lacking xylanase
(XynA/AccB.2092.103.Ct-Xyn, closed triangle; TGC.4000.11.Ct-Xyn, open
circle).

[0031] FIG. 14 illustrates glucose yields from enzymatic hydrolysis of
pretreated transgenic plant expressing the following proteins: xylanase B
(XynB.2063.17), endoglucanase (EGA.2049.10), xylanase A and feruloyl
esterase B (XynA/Acc.B.2092.103), xylanase A and endoglucanase
(EGA/XynA.2242.09), intein modified xylanase A (iIXynA.2229.110) compared
to a non-transgenic control plant (AxB) and a transgenic control plant lacking
enzymes (T'GC.4000.11) . Pretreatments were performed at temperatures of
65°C (PT_65) and 75°C (PT_75). Enzyme loading includes 0.2 ml Accellerase®
1500 or 0.1 ml Accellerase® XY per gram of biomass and 0.05 uM B-glucosidase
(BGL). The bars above each of the PT 65 and PT _75 pretreatment sets
present data for the transgenic and control plants from left to right as follows:
AxB; TGC.4000.11; XynA.2015.05T1; XynB.2063.17; XynA/AccB.2092.103;
1XynA.2229.110; EGA.2049.10; and XynA/EGA.2242.09.

[0032] FIG. 15 illustrates glucose yields from enzymatic hydrolysis of
pretreated transgenic switchgrass (EGC.2253.4b, closed circle) and a wild type
switchgrass (Alamo, open square) with enzyme cocktail #5. Pretreatment
temperatures: 65°C, 75°C, and 95°C.

[0033] FIGS.16A-16B illustrate an effect of a pretreatment temperature
and time on glucose (FIG. 16A) and xylose (FIG. 16B) yields from enzyme
hydrolysis of a pretreated transgenic plant expressing endoglucanase and
xylanase A (EGA/XynA.2342.105; black bars (right)) and a pretreated control
plant (TGC.2342.01; gray bars (left)).

[0034] FIGS. 17A-17B 1illustrate an effect of a pretreatment
temperature on glucose (FIG. 17A) and xylose (FIG. 17B) yields from the
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pretreated transgenic plants EGA/XynA.2242.09.01and EGA/XynA.2242.09.07
expressing endoglucanase A and xylanase A, and the control plants: wild type
AxB and transgenic TGC.4000.11.

[0035] FIG. 18 illustrates an effect of reducing loading of external
enzymes on glucose yields from the pretreated transgenic plants
XynA.2015.05T1 (closed circle), XynB.2063.17 (closed triangle), and control
plant TGC.2004.8.04 (closed square) after hydrolysis with the decreasing
enzyme loadings: full cocktail #1 (FCt), 75% full cocktail #1 (0.75 FCt), 50%
full cocktail #1 (0.50FCt), 25% full cocktail #1 (0.25FCt), 10% full cocktail #1
(0.10FCt) and no enzymes (OFCt).

[0036] FIG. 19 illustrates an effect of reducing loadings of external
enzymes on glucose yields from the transgenic plants
XynE/EGC/CBHA.2339.03, XynE/EGC/CBHA.2339.04, and

XynE/EGC/CBHA.2339.05, and the control plant BxA. Pretreatment was
performed using 0.17 M ammonium bisulfite and ammonium carbonate
(pHS&.1) at 75 °C, at liquid to solid ratio equal to 10 for 16 hours. Enzymatic
hydrolysis was conducted at approximately 2% solids content with no
enzymes (NCt; white (left)), 20% full cocktail (0.2FCt; gray (middle)) and full
cocktail Accellerase®1500/XY at 0.2ml/0.1 ml of per gram stover (FCt; black
(right)) at 50 °C and pH 5.0 for a period of 3 days.

[0037] FIGS. 20A—20B illustrate glucose and xylose yields, respectively,
from pretreated plants expressing xylanase A and endoglucanase (Xyn
A/EGA.2309.54 and XynA/EGA2309.107) compared to a pretreated non-
transgenic control plant (BxA) after enzymatic hydrolysis with a full load of
the enzyme cocktail Accelerase ®1500/XY (FCt; black (right)), a 20% load of
the cocktail (0.2FCt; gray (middle in FIG. 20A and right in FIG. 20B)) and no
enzymes (NCt; white (left in FIG. 20A)).

[0038] FIGS. 21A-21B illustrate an effect of reducing loadings of
external enzymes on glucose (FIG. 21A) and xylose (FIG. 21B) yields from the
transgenic plants EGA/XynA.2242.09.16, CBHA.2069.01.03 and the control
plant TGC.4000.11 following enzymatic hydrolysis with the full cocktail at

0.2 ml Accellerase® 1500 per gram stover + 0.1ml Accellerase® XY per gram



WO 2012/122308 PCT/US2012/028132

stover (FCt;), 80% full cocktail: 0.16 ml Accellerase® 1500 per gram stover +
0.08 ml Accellerase® XY per gram stover (0.8FCt), 60% full cocktail: 0.12 ml
Accellerase® 1500 per gram stover + 0.06 ml Accellerase® XY per gram stover
(0.6FCt), 40% full cocktail: 0.08 mL Accellerase® 1500 per gram stover + 0.04
mL Accellerase® XY per gram stover (0.4FCt), 20% full cocktail: 0.04 mlL
Accellerase® 1500 per gram stover + 0.02 mL Accellerase® XY per gram stover
(0.2FCt) and no enzymes (OFCt).

[0039] FIG. 22 illustrates ethanol production from simultaneous
saccharification and fermentation (SSF) of pretreated transgenic plants
EGA.2049.10 and EGA/XynA.2242.09 against control plants using 1) the
enzyme cocktails Accellerase® 1500 and Accellerase® XY; and 2) yeast strain
Saccharomyces cerevisiae D5A.

[0040] FIG. 23 1llustrates biomass solubilization based on weight loss in
a transgenic plant expressing exoglucanase CBHA (CBHA.2069.3.17; white)
and a wild-type control plant (AxB; gray).

[0041] FIGS. 24A—-24B illustrate yield of acetic acid (HAc) from a non-
transgenic control plant (AxB; FIG. 24A) and a transgenic plant expressing
exoglucanase CBHA (CBHA.2063.3.17; FIG. 24B). The treatments were
performed at 75°C for 16 hours (white (left)); 85°C for 7 hours (striped bars
(middle)) and 95°C (checked (right)).

[0042] FIGS. 25A-25B 1illustrate yield of sugar degradation products
hydroxymethylfurfural (HMF) and furfural from a non-transgenic control
plant (AxB; FIG. 25A) and a transgenic plant expressing exoglucanase CBHA
(CBHA.2063.3.17). The treatments as indicated by white, striped or checked
bars were as follows from left to right: white, HMF_75°C for 16 hours; striped,
HMF _85°C for 7 hours; checked, HMF 95°C for 16 hours; striped,
Furfural_95°C for 16 hours).

[0043] FIG. 26 illustrates xylose yield from a transgenic plant
expressing xylanase B alone (XynB.2063.15), a transgenic plant expressing
xylanase A and two accessory enzymes A and B (XynA/AccA/B.2096.1) and a
non-transgenic control plant (WT AxB) following pretreatment with 0.17M

ammonium bisulfite and ammonium carbonate (BSC; pH 8.1) and
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autohydrolysis. Xylose yield was assessed for xylose as a monomer (black
(right)) and xylose as oligosaccharide (gray (left)).

[0044] FIG. 27 illustrates xylose yields from two transgenic plant
expressing xylanase B, endoglucanase, and CBHB (XynB/EGA/CBHB.2349.56
and XynB/EGA/CBHB.2349.55), a transgenic plant expressing xylanase B,
endoglucanase and CBHA (XynB/EGA/CBHA.2345.116) and a non-transgenic
control plant (AxB) following pretreatment with 0.17M ammonium bisulfite
and 0.165M ammonium carbonate (BSC; pH 8.1) and autohydrolysis

[0045] FIGS. 28A-28B illustrate glucose and xylose yields, respectively,
from pretreated transgenic plants using Accellerase® XY.
EGA/XynA.2242.09T1 (closed circle) simultaneously expressed endoglucanase
and xylanase A, and the transgenic control plant was TGC.4000 (closed
square).

[0046] FIGS. 28C-28D show, respectively, glucose and xylose yields
from XynB/EGA/CBHB.2349.55 (open circle), XynB/EGA/CBHB.2349.229
(closed triangle, point up), and XynB/EGA/CBHB.2349.56 (closed triangle,
point down), each of which simultaneously expressed endoglucanase A,
xylanase B, and cellobihydrolase B, and 1XynA.2329.14, which expressed

intein-modified xylanase A and a wild type control plant AxB .

[0047] DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
[0048] Certain terminology 1s used in the following description for

convenience only and 1s not limiting. The words "right," "left,” "top," and
"bottom" designate directions in the drawings to which reference is made. The
words “a” and “one,” as used in the claims and in the corresponding portions of
the specification, are defined as including one or more of the referenced item
unless specifically stated otherwise. This terminology includes the words
above specifically mentioned, derivatives thereof, and words of similar import.
The phrase "at least one" followed by a list of two or more items, such as "A,

B, or C,” means any individual one of A, B or C as well as any combination

thereof.

-10-
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[0049] Embodiments herein provide technologies to express a portfolio of
cell wall degrading (CWD) proteins in a plant. The CWD proteins may be
CWD enzymes or modified forms of the CWD enzymes. The modified forms
may be intein modified CWD proteins. The plant may be maize, sorghum,
switchgrass, or another plant. Embodiments herein provide for harvesting
plant biomass with in planta CWD proteins for use as a feedstock in sugar
production. In planta enzyme expression uses the plant as a “factory” rather
than microbial fermentation to produce industrial CWD enzymes. This
strategy has an advantage of delivering the proteins directly in the biomass
feedstocks for fermentable sugar production. Transgenic plant biomass with
hydrolytic traits may not require harsh pretreatments to improve cellulose cell
wall accessibility to exogenous enzymes. The expression of different classes of
CWD proteins in a single plant may create a low cost sugar platform for
biofuel and biochemical production. Embodiments herein provide methods for
producing soluble sugars using a mild chemical pretreatment of lignocellulosic
biomass derived from plants genetically engineered to include one or more

types of a CWD protein.

[0050] An embodiment provides a method for producing soluble sugars
from engineered plant material. The method may include pretreating the
engineered plant material through mixing with a pulping formulation to form
a mixture. The engineered plant material may include a first polynucleotide
sequence encoding a first protein. The first protein may be a CWD enzyme.
The first protein may be an intein-modified CWD enzyme. The first protein
may be a xylanase, an endoglucanase, an exoglucanase, a feruloyl esterase, an
intein-modified xylanase, an intein-modified endoglucanase, an intein-
modified exoglucanase, or an intein-modified feruloyl esterase. The first
protein may be capable of hydrolyzing a component of the engineered plant
material. Being capable of hydrolyzing a component means that the first
protein catalyzes hydrolysis of the component under hydrolysis conditions. In
the case of an intein modified first protein, being capable of hydrolyzing a
component means that after the intein has spliced from the peptide, the

nrotein may hydrolyze the component under hydrolysis conditions. The
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method may further include providing hydrolysis conditions. The hydrolysis
conditions may be suitable for hydrolyzing the component.

[0051] The engineered plant material may further include a second
polynucleotide sequence encoding a second protein. The second protein may be
a CWD protein. The second protein maybe an intein-modified CWD protein.
The second protein may be a xylanase, an endoglucanase, an exoglucanase, a
feruloyl esterase, an intein-modified xylanase, an intein-modified
endoglucanase, an intein-modified exoglucanase, or an intein-modified feruloyl
esterase. The protein selected as the second protein may be different than the
protein selected as the first protein. The second protein may be capable of
hydrolyzing a component of the engineered plant material. Being capable of
hydrolyzing a component means that the second protein catalyzes hydrolysis
of the component under hydrolysis conditions. In the case of an intein
modified second protein, being capable of hydrolyzing a component means that
after the intein has spliced from the peptide, the protein may hydrolyze the
component under hydrolysis conditions.

[0052] The engineered plant material may further include a third
polynucleotide sequence encoding a third protein. The third protein may be a
CWD protein. The third protein maybe an intein-modified CWD protein. The
third protein may be a xylanase, an endoglucanase, an exoglucanase, a
feruloyl esterase, an intein-modified xylanase, an intein-modified
endoglucanase, an intein-modified exoglucanase, or an intein-modified feruloyl
esterase. The protein selected as the third protein may be different than the
protein selected as the first protein. The protein selected as the third protein
may be different than the protein selected as the second protein. The third
protein may be capable of hydrolyzing a component of the engineered plant
material. Being capable of hydrolyzing a component means that the third
protein catalyzes hydrolysis of the component under hydrolysis conditions. In
the case of an intein modified third protein, being capable of hydrolyzing a
component means that after the intein has spliced from the peptide, the

protein may hydrolyze the component under hydrolysis conditions.
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[0053] Engineered plant material refers to a transgenic plant, progeny
of a transgenic plant, a descendant of a transgenic plant, or a part of any of
the foregoing. Engineered plant material may include a cell wall degrading
enzyme, which does not occur naturally in the plant, or a gene encoding the
same. Engineered plant material may be a transgenic plant expressing a CWD
protein, or any part of the transgenic plant. Engineered plant material may
be any transgenic plant expressing a modified form of a CWD protein, or any
part of the transgenic plant. The transgenic plant may be of any type of plant.
The transgenic plant type of plant may be but is not limited to maize, sugar
beet, sugar cane, sorghum, switchgrass, miscanthus, eucalyptus, willow, or
poplar. Engineered plant material may be a whole transgenic plant or parts
of the plant. The parts may be but are not limited to leaves, stems, flowers,
buds, petals, ovaries, fruits, or seeds. Engineered plant material may be
callus from a transgenic plant. Engineered plant material may be regenerated
from parts of a transgenic plant or plants. Engineered plant material may be
a product of sexual crossing of a first transgenic plant and a second transgenic
plant or a non-transgenic plant where the product plant retains a
polynucleotide sequence introduced to the first transgenic plant. The
transgenic plant may be any one of the transgenic plants provided herein.
The transgenic plant may include any vector, expression cassette, or 1solated
nucleic acid or fragment thereof herein.

[0054] Mixing of engineered plant material with a pulping formulation
may be done by any combination of the engineered plant mater with the
pulping formulation. Mixing may be done by agitation.

[0055] The pulping formulation may be a substance that breaks down
lignin, which binds the lignocellulose fibers within lignocellulosic plant
material together. The substance may break down ligin without seriously
degrading the lignocellulose fibers. Pretreating may lead to a partial release of
enzymes expressed 1n the genetically engineered plants and partial
degradation of lignin within lignocellulosic plant material.

[0056] The method may include activation of a CWD protein before,

during or after pretreating. The method may include activation of a CWD
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protein before, during or after providing hydrolysis conditions. The CWD
protein being activated may be a first protein, second protein, or third protein,
or any additional lignocellulose processing enzyme. A CWD protein may be
modified to include an intein. The intein may be fused to the CWD enzyme on
an end of the enzyme or within the enzyme. The intein may be inducible to
splice by providing induction conditions. The induction conditions may be a
particular temperature of the mixture. The induction conditions may be a
temperature provided before, during, or after one of the pretreating or
providing hydrolysis steps. Intein modified enzymes and conditions for
inducing splicing of the inteins, which could be used as activation conditions,
were described in U.S. Appln. 10/886,393 filed July 7, 2004 and
PCT/US10/55746 filed November 5, 2010, and PCT/US10/55669 filed
November 5, 2010 and PCT/US10/55751 filed November 5, 2010, which are
incorporated herein by reference as if fully set forth.

[0057] The component may be any moiety desired for processing. The
component may be lignocellulosic material. The component may be the
substrate for any CWD protein listed herein. The component may be the
substrate for a xylanase, an endoglucanase, an exoglucanase, a feruloyl
esterase. The component may be a moiety including a substrate for any CWD
protein listed herein. The component may be a moiety including a substrate
for a xylanase, an endoglucanase, an exoglucanase, a feruloyl esterase.

[0058] The method may also include adding other plant material before,
during, or after mixing, pretreating, or providing hydrolysis conditions. Other
plant material may be any plant biomass, cellulosic or lignocellulosic material
other than the engineered plant material. The other plant material may be
from biorefineries. Other plant material may include forestry and
agricultural residues. The forestry and agricultural residues may be, but are
not limited to, corn stover, baggasses, wheat straw, waste wood, forest
trimmings, waste paper, and municipal solid wastes (MSW). Other plant
material may be any energy crop. The energy crop may be, but is not limited

to, switchgrass, sorghum, sugar beet, sugar cane, miscanthus and poplar.
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[0059] A polynucleotide sequence encoding a first protein, a second
protein, a third protein, or any additional enzyme may be operably connected
to a regulatory sequence. In this context, operably connected means that the
regulatory element imparts it function to the polynucleotide sequence. In the
case of a regulatory element that 1s a promoter, the promoter 1s capable of
controlling expression from the polynucleotide sequence when they are
operably connected. In the case of a regulatory element that is a terminator,
the terminator 1s capable of terminating transcription from the polynucleotide
sequence. Non-limiting examples of regulatory elements are provided below.
[0060] At least one of the first protein, the second protein, or the third
protein may be but is not limited to an enzyme selected from XynA: Beta-1,4-
xylanase 229B from Dictyoglomus thermophilum (Uniprot accession P77853);
XynB: Endo-1,4-beta-xylanase from Thermomyces lanuginosus (Uniprot
accession 043097); EGA: Endo-beta 1,4-endoglucanase from Nasutitermes
takasagoensis (Uniprot accession 077044); EGB: Endo-beta 1,4-endoglucanase
from Acidothermus cellulolyticus (Uniprot accession P54583); AccA: Feruloyl
esterase A from Apergillus niger (Uniprot accession 042807); AccB: Feruloyl
esterase B from Aspergillus niger (Uniprot accession number Q8SWZIS),
AccA/B: Feruloyl esterase A and Feruloyl esterase B from Aspergillus niger;
EGC: Endo-beta 1,4-endoglucanase from Rhodothermus marinus (Uniprot
accession 033897); P40942: Beta-1,4-xylanase from Clostridium stercorarium
F9 (Uniprot accession number P40942); P40943: Beta-1,4-xylanase from
Geobacillus stearothermophilus T-6 (Bacillus stearothermophilus;Uniprot
accession number P40943); O30700: Beta-1,4-xylanase from Bacillus sp. NG-
27(Uniprot accession number 030700); CBHA: cellobiohydrolase A from
Clostridium thermocellum  (Uniprot accession number 068438); CBHB:
cellobiohydrolase B (SYT BD22308); or XynE: xylanase (EU591743).

[0061] The first protein may include, consist essentially of, or consist of
an amino acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100% 1dentity to a reference sequence selected from the
group consisting of: SEQ ID NO: 1[WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ
ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ ID NO: 5 [EU591743], SEQ
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ID NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101], SEQ ID NO: 8
[P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO: 10 [068438],
and SEQ ID NO: 11 [P54583]. The first protein may include, consist
essentially of, or consist of an amino acid sequence with at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% identity to the reference
sequence of SEQ ID: 12 [BD22308].

[0062] The second protein may include, or consist essentially of, or
consist of an amino acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100% 1identity to a second reference sequence
selected from the group consisting of: SEQ ID NO: 1[WT P77853], SEQ ID NO:
2 [AnfaeA], SEQ ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ ID NO: 5
[EU591743], SEQ ID NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101],
SEQ ID NO: 8 [P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO:
10 [068438], and SEQ ID NO: 11 [P54583]. The second protein may include,
consist essentially of, or consist of an amino acid sequence with at least 70, 72,
75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% identity to the
reference sequence of SEQ ID: 12 [BD22308].

[0063] The third protein may include, consist essentially of, or consist of
an amino acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100% 1dentity to a third reference sequence selected from the
group consisting of SEQ ID NO: 1{WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ
ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ ID NO: 5 [EU591743], SEQ
ID NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101], SEQ ID NO:
8[P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO: 10 [068438],
and SEQ ID NO: 11 [P54583]. The third protein may include, consist
essentially of, or consist of an amino acid sequence with at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% identity to the reference
sequence of SEQ ID: 12 [BD22308].

[0064] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence may further
include a first targeting polynucleotide sequence encoding a respective

targeting peptide. For engineered plant material lacking the third
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polynucleotide sequence, a first targeting polynucleotide sequence may be
included on at least one of the first polynucleotides sequence or the second
polynucleotide sequence. For engineered plant material lacking the second
polynucleotide sequence and the third polynucleotide sequence, a first
targeting polynucleotide sequence may be included on the first polynucleotide
sequence. Each respective targeting peptide may be independently selected for
each of the first, the second, or the third polynucleotide sequence. A targeting
peptide may be fused to the first protein, the second protein, or the third
protein. Each respective targeting peptide may be independently selected
from but 1s not limited to an amyloplast targeting signal, a cell wall targeting
peptide, a mitochondrial targeting peptide, a cytosol localization signal, a
chloroplast targeting signal, a nuclear targeting peptide, and a vacuole
targeting peptide.

[0065] A first targeting polynucleotide may be upstream of the first
polynucleotide sequence, the second polynucleotide sequence or the third
polynucleotide sequence. A targeting peptide may have at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1dentity to one of SEQ ID NO:
13 [BAASS], the barley aleurone sequence SEQ ID NO: 14 [HVAlePS], SEQ ID
NO: 15 [PR1a], SEQ ID NO: 16 [the gamma-zein sequence xGZein27ss-02], or
SEQ ID NO: 17 [Glu B4SP].

[0066] A first targeting polynucleotide sequence in combination with one
of the first polynucleotide sequence, the second polynucleotide sequence, or
the third polynucleotide sequence together may encode an amino acid
sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100% 1dentity to a reference sequence selected from the group consisting of:
SEQ ID NO: 18 [BAASS:P77853], SEQ ID NO: 19 [BAASS:033897], SEQ ID
NO: 20 [HVAIePS:NtEGm], and SEQ ID NO: 21 [BAAS:P77853:5158-30-108-
35].

[0067] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence may further
include a second targeting polynucleotide sequence encoding a carboxy

targeting peptide. For engineered plant material lacking the third
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polynucleotide sequence, a second targeting polynucleotide sequence may be
included on at least one of the first polynucleotide sequence or the second
polynucleotide sequence. For engineered plant material lacking the second
polynucleotide sequence and the third polynucleotide sequence, a second
targeting polynucleotide sequence may be included on the first polynucleotide
sequence. A carboxy targeting peptide may be selected from but is not limited
to sequence having at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100 identity to one of SEQ ID NO: 22 [SEKDEL], the abridged SEQ ID
NO: 23 [KDEL], or the barley vacuolar sorting determinant sequence SEQ ID
NO: 24 [HvVSD-01]. A carboxy targeting peptide may be fused to at least one
of the first protein, the second protein, or the third protein.

[0068] At least one of the first protein, the second protein, or the third
protein may be provided without the targeting peptide for accumulation in
cytoplasm.

[0069] The first targeting polynucleotide sequence and the second
targeting polynucleotide sequence in combination with one of the first
polynucleotide sequence, the second polynucleotide sequence, or the third
polynucleotide sequence together may encode an amino acid sequence with at
least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1dentity to
a reference sequence selected from the group consisting of: SEQ ID NO: 25
[BAASS: AnfaeB: SEKDEL], SEQ ID NO: 26 [BAASS:AnfaeA:SEKDEL], SEQ
ID NO: 27 [PR1a:NtEGm:SEKDEL], SEQ ID NO: 28 [BAASS: P77853:T134-
100-101:SEKDEL], SEQ ID NO: 29 [HvAleSP:NtEGm:SEKDEL], SEQ ID
NO: 30 [BAASS:043097:SEKDEL] and SEQ ID NO: 31[xGZein27ss-
02:BD22308:HVVSD-01].

[0070] At least one of the first, the second or the third polynucleotide
sequence may encode a “variant” of a CWD protein. The amino acid sequence
of a variant of a CWD protein may differ by deletions, additions, substitutions
of amino acid sequences, or other modifications of the CWD protein. A variant
of a CWD protein may maintain the biological activity of the CWD protein. To
maintain biological activity as used herein means that the variant has at least

60% of the activity of the CWD protein from which it 1s derived Activity of a
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xylanase may be assessed in an assay using Xylazyme AX substrate as
described herein in the sub-section of Example 1 herein entitled “Stover
Enzyme Assay. "Activity of a endoglucanase may be assessed by using
Cellazyme substrate as described herein in the sub-section of Example 1
herein entitled “Stover Enzyme Assay.“ Activity of a exoglucanase may be
assessed by using fluorescent 4-methylumbelliferyl-b-D-lactopyranoside (4-
MU) as described in Harrison MD et al. 2011 “Accumulation of recombinant
cellobiohydrolase and endoglucanase in the leaves of mature transgenic sugar
cane,” Plant Biotechnology Journal 9: 884-896 and incorporated here by
reference as if fully set forth. Activity of a feruloyl esterase may be assessed
using an assay using pNP labeled ferulate as a substrate (as described in
Hegde S. et al. 2009 “Single-step synthesis of 4-nitrophenyl ferulate for
spectrophotometric assay of feruloyl esterases,” Analytical Biochemistry
387(1): 128-129). The foregoing tests for activity of a xylanase, endoglucanase,
exoglucanase, or feruloyl esterase may be utilized to determine whether a
sequence with less than 100% identity to a CWD degrading protein sequence
herein 1s a variant of the CWD degrading protein. Variants of a CWD protein
herein may be modified in amino acid sequence versus the CWD protein based
on similarity in hydrophobicity, hydrophilicity, solubility, polarity of amino
acid residues. Variants of a CWD protein herein may differ following post-
translational modifications. The differing post-translational modification may
be but are not limited to glycosylations, acetylations, or phosphorylations. A
variant may be developed by any means. A variant may be developed through
site-directed mutagenesis or non-targeted mutagenesis. Error-prone PCR
may be used to create mutants of a CWD protein herein, and any of the assays
above may be used to assess whether the mutant is a variant.

[0071] Embodiments include at least one of the first protein, the second
protein, or the third protein, or variants thereof, fused to variants of at least
one of a targeting peptide, or a carboxy targeting peptide. Variants of a
targeting peptide or a carboxy targeting peptide will target the protein it 1s
fused with to the same location as the reference sequence for the targeting

peptide or carboxy targeting peptide.
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[0072] Variants of intein may be provided in a first protein, a second
protein, or a third protein. An intein variant may splice from the protein in
which it 1s fused.

[0073] For determining percent identity of two amino acid sequences or
two nucleic acid sequence may include aligning and comparing the amino acid
residues or nucleotides at corresponding positions in the two sequences. If all
positions in two sequences are occupiled by identical amino acid residues or
nucleotides then the sequences are said to be 100% identical. Percent identity
may be measured by the Smith Waterman algorithm (Smith TF, Waterman
MS 1981 “Identification of Common Molecular Subsequences,” J Mol Biol 147:
195 -197, which 1is incorporated herein by reference as if fully set forth).

[0074] In an embodiment, a polynucleotide sequence that encodes a
protein having less than 100% identity to the cited amino acid reference
sequence may encode a variant of the protein having the amino acid reference
sequence. In an embodiment, a protein having less than 100% identity to the
cited amino acid reference sequence may be a variant of the protein having the
amino acid reference sequence. In an embodiment, a polynucleotide sequence
that encodes a protein having less than 100% identity to the protein encoded
by the cited nucleic acid reference sequence may encode a variant of the
protein encoded by the reference sequence.

[0075] Referring to FIG. 1, a method for producing soluble sugars from
engineered plant material is illustrated. FIG. 1 depicts a process flow for
consolidated pretreatment and hydrolysis of engineered plant material.
Engineered plant material or engineered plant material admixed with other
plant material may be added through Feeder 10 to Reactor 20 for chemical
pretreatment and enzymatic liquefaction; i.e., the process of conversion of
solid lignocellulosic biomass into a liquefied state suitable for further
processing and hydrolysis. In Reactor 20, engineered plant material or
engineered plant material admixed with other plant material may be mixed
with the pulping formulation. The pulping formulation may include at least
one molety having an ion selected from the group consisting of: sulfite,

bisulfite, sulfate, carbonate, hydroxide, and oxide. The at least one moiety
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further may include but i1s not limited to a counter 1on selected from the group
consisting of: ammonium, sodium, magnesium, and calcium. The at least one
moilety may be a salt. A salt may be but is not limited to a sulfite (SO3%7), a
bisulfite (HSOs"), an oxide (O2°) and a hydroxide (OH-). The salt may include
a counter ion. A counter ion may be but is not limited to sodium (Na@),
calcium (Ca?*), hydrogen, potassium (K*), magnesium (Mg?*), and ammonium
(NH4*). A pulping formulation may include at least one of calcium oxide
(Ca0), lime, or calcium hydroxide (Ca(OH)z), shaked lime.

[0076] In an embodiment, a pulping formulation may include at least
one of ammonium bisulfite and ammonium carbonate. The ammonium
bisulfite may be at a concentration of 0.02 M to 0.35 M and the ammonium
carbonate may be at a concentration of 0.025 M to 0.25 M. The pulping
formulation may be mixed with the engineered plant material or engineered
plant material admixed with other plant material at an optimal liquid-to-solid
ratio in a mixture. The mixture may have a liquid to solid ratio selected from
the value of less than or equal to one of 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1, or any
value 1n a range between any two of the foregoing (endpoints inclusive). For
example, the liquid to solid ratio may be a value less than any integer or non-
integer number selected from 3 to 7. The liquid-to-solid ratio may be equal to
10, 9, 8, 7, 6, 5, 4, 3, 2, or 1, or any value 1n a range between any to of the
foregoing (endpoints inclusive). For example, the liquid to solid ratio may be a
value equal to any integer or non-integer number in the range from 3 to 7.
[0077] Pretreating may include incubating the mixture for any period of
time. Pretreating may include incubating the mixture for up to 16 hours.
Incubating may occur for longer or shorter periods may be performed.
Pretreating may include incubating the mixture for a period of less or equal
to one of 16, 15, 14, 13, 12, 11, 10,9, 8, 7, 6, 5, 4, 3, 2, or 1 hour(s).

[0078] Pretreating may include providing a mixture temperature of 40°C
to 95°C. A mixture temperature of 40°C to 95°C may allow breakage or
removal of portions of lignin within the lignocellulosic material in the mixture
without deactivating hydrolytic enzymes. Pretreating may include providing a

mixture temperature of 55°C, 65°C, 75°C, 95°C, less than 55°C, less than 65°C,
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less than 75°C, less than 95°C, less than 100°C, 40°C to 55°C, 40°C to 65°C,
40°C to 75°C, 40°C to 95°C, 40°C to less than 100°C, 55°C to 65°C, 55°C to
75°C, 55°C to 95°C, 55°C to less than 100°C, 65°C to 75°C, 65°C to 95°C, 65°C
to less than 100°C, 75°C to 95°C, 75°C to less than 100°C, or 95°C to less than
100°C.

[0079] Pretreating may include providing a mixture pH ranging from
5.0 to 10. Pretreating may include providing a mixture pH within a range of
6.5 to 8.5. The mixture pH provided may be 5.0, 5.5, 6.0, 7.0, 7.5, 8.0, 9.0, 9.5,
or 10, or a pH within a range between any two of the foregoing pH values
(endpoints inclusive). The pH of the mixture during pretreating may depend
on the type of chemical used and/or type of plant material used. Providing a
mixture pH may include adding a pH modifying chemical. A pH modifying
chemical may be an acid or an alkali.

[0080] At the end of the pretreating step, the mixture may include
partially degraded plant material and a liquid phase called a partial filtrate
that may include chemicals from the pulping formulation and a low
concentration of CWD enzyme or enzymes released from engineered plant
material. The method may include separating the partial filtrate from solids of
partially degraded plant material in Separator 30. Separation may be
achieved through various processes. Separation may be achieved through
sedimenting, filtering, or centrifuging the partial filtrate. The method may
include at least one of collecting or recycling at least a portion of the partial
filtrate in multiple rounds of pretreating. After removal of the partial filtrate,
the concentration of solids within the mixture may be increased and may be
any integer or non-integer value within a range of 2% to 15% (w/v), or any
range within two integer values within the range of 2% to 15% (w/v).

[0081] The method may include washing the pretreated engineered
plant material with any suitable liquid. The liquid may be deionized water.
The liquid may be removed by centrifugation.

[0082] The method may further include refining by mechanical grinding,
which 1s performed in Refiner 40 by any known method, such as, but is not

limited to, defibrillation, milling, or crashing.
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[0083] The method may include transferring refined pretreated biomass
to Saccharification vessel 50. Hydrolysis by a CWD enzyme released from
engineered plant material may occur in Saccharification vessel 5.

[0084] Providing hydrolysis conditions may include adjusting the
mixture to 2% to 25% solids, to any integer or non-integer value within 2% to
25% solids (endpoints inclusive), or to any integer or non-integer value within
a range between any two integers within 2% to 25% solids. Providing
hydrolysis conditions may include incubating the mixture for a period of time
up to 144 hours, a period of time selected from any one integer or non-integer
value up to 144 hours, or a period of time within a range between any two
integer values greater than zero and up to 144 hours. Providing hydrolysis
conditions may include providing a mixture temperature of 100°C or less, 65°C
or less, 50°C or less, 48°C to 50°C, 48°C to 65°C, 48°C to less that 100°C, or
48°C to 100°C. Providing hydrolysis conditions may include providing a pH
ranging from 4.8 to 5.0, a pH of 4.8, a pH of 4.9, or a pH of 5.0. At least one of
the temperature, pH, or time of treatment, may be selected based on the
specific activity of a CWD enzyme in the engineered plant material.

[0085] If the engineered plant material includes multiple CWD
enzymes, conditions optimal for at least one of expression, pretreating, or
hydrolysis by each of the multiple CWD enzymes may be provided
sequentially. Hydrolysis conditions may include providing a pH optimal for
activity of one enzyme, followed by a different pH optimal for activity of
another enzyme. Hydrolysis conditions may include adjusting temperatures at
different periods of time for optimal activity of each enzyme. For example, a
xylanase may require a different temperature or pH than an endoglucanase.
[0086] The method may include adding one or more exogenous enzymes
to at least one of the engineered plant material, other plant material, or the
mixture. The exogenous enzymes may be added before, during, or after
pretreating. The exogenous enzymes may be added before, during, or after
providing hydrolysis conditions. Exogenous enzymes may be added to
Saccharification vessel 50. One or more exogenous enzymes may be provided

in an enzyme cocktail. An enzyme cocktail may include one or more CWD
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enzymes. A CWD enzyme provided in an embodiment herein may be but is not
limited to a lignin degrading enzyme, a cellulose degrading enzyme, or a
hemicellulose degrading enzyme. A CWD enzyme provided in an embodiment
herein may be but 1s not limited to one selected from glycosidases, xylanases,
cellulases, endoglucanases, exoglucanases, cellobiohydrolases, B-xylosidases,
feruloyl esterases, and amylases. An enzyme cocktail may include a cellulase
1solated from Trichoderma reesii. An enzyme cocktail may be purchased from
a vendor. An enzyme cocktail may be, but is not limited to, Accellerase™
1000, Accellerase® 1500, and Accellerase ® XY available from Genencor
International (Rochester, NY). An enzyme cocktail may be Cellic. An enzyme
cocktail may include different classes of CWD enzymes. Optimal conditions for
different classes of CWD enzymes in a cocktail may be provided. For example,
the temperature, pH and time of treatment for hydrolysis may be adjusted
during the method to provide optimal conditions for different enzymes in the
cocktail. Hydrolysis conditions may include reduced loadings of external
enzymes 1ncluded in an enzyme cocktail. Reduced loadings may include
formulations having less of or lacking a CWD protein or proteins expressed in
engineered plant material. For example, if a transgenic plant expresses
xylanase and endoglucanase, these enzymes may be removed from an enzyme
cocktail formulated for hydrolysis of engineered plant material having the
transgenic plant.

[0087] Efficiency of hydrolysis may be assessed by measuring
solubilization of plant material. Methods to measure solubilization of plant
material are known in the art and may include determining monosaccharide
and disaccharide concentrations, for example by high performance liquid
chromatography (HPLC). As described in Examples herein, HPLC may be
performed using Shimadzu LC-20 AD binary pump with LC solutions software
(Shimadzu, Kyoto, Japan) and sugar concentration may be determined using
an Aminex HPX-87P sugar column (Bio-Rad Laboratories). Other methods to
measure solubilization of plant material, for example, by determining weight
loss, lignin removal, or deacetylation in the pretreated plant material, are

available.
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[0088] The method may further include contacting the mixture and/or
products of hydrolysis with a fermenting organism to produce a biochemical
product. After enzymatic hydrolysis, soluble sugars may be recovered and
used for production of a biochemical product. Alternatively, simultaneous
saccharification and fermentation of soluble sugars into a biochemical product
may be performed in the method. A biochemical product may be but is not
Iimited to butane, butanediol, butadiene, butanol, 1isobutanol, propane,
propanediol, propylene, propanol, isopropanol, methane, methanol, ethanol,
phenol, glycerol, ethylene, toluene, ethyl, benzene, styrene, xylene, ethylene
glycol, ethylene oxide, formic acid, carbone dioxide, formaldehyde,
acetaldehyde, acetone, a vitamin, ethane, pentane, hexane, heptane, octane,
benzene, acetic acid, sorbitol, arabinitol, succinic acid, fumaric acid, malic
acid, furan dicarboxylic acid, aspartic acid, glucaric acid, glutamic acid,
itaconic acid, levulinic acid, hydroxybutyrolactone, glycerol, sorbitol, xylitol,
arabinitol, gluconic acid, lactic acid, malonic acid, propionic acid, citric acid,
aconitic acid, xylonic acid, furfural, levoglucosan, alanine, proline, lysine,
serine, or threonine (See T. Werpy and G. Petersen, Top Value Added
Chemicals From Biomass, Volume 1, Results of Screening for Potential
Candidates from Sugars and Synthesis Gas, August 2004, Report, PNNL &
NREL, which 1s incorporated herein by reference as if fully set forth). The
method may include simultaneous saccharification and fermentation of
soluble sugars to produce ethanol. Simultaneous saccharification and
fermentation to produce ethanol may include providing Saccharomyces
cerevisiae D5A before, during or after pretreating or providing hydrolysis
conditions.

[0089] The conversion of sugars into desired biochemical products may
be performed by any suitable fermenting organism. The fermenting organism
may be selected based on the desired biochemical product. The fermenting
organism may be yeast. The yeast may be but is not limited to one of
Saccharomyces, Kluyveromyces, Pichia, Yarrowia, Spathaspora or
Scheffersomyces ssp. The fermenting organism may be a bacterium. A

bacterium may be but is not limited to a Zymomonas, Escherichia, Bacillus,
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Lactobacillus, or Clostridium ssp. The fermenting organism may be a wild
type organism or a genetically engineered recombinant organism.

[0090] An embodiment includes an engineered plant including a first
polynucleotide sequence encoding a first protein. The first protein may be a
CWD protein. The first protein may be an intein-modified CWD protein. The
first protein may by any one described with respect to the method for
producing soluble sugars from engineered plant material. The first protein
may include, consist essentially of, or consist of an amino acid sequence with
at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1dentity
to a first reference sequence selected from the group consisting of: SEQ ID
NO: 1[WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ ID NO: 3 [AnfaeB], SEQ ID
NO: 4 [NtEGm], SEQ ID NO: 5 [EU591743], SEQ ID NO: 6 [043097], SEQ ID
NO: 7 [P77853:T134-100-101], SEQ ID NO: 8[P77853:5158-30-108-35], SEQ
ID NO: 9 [033897], SEQ ID NO: 10 [068438], and SEQ ID NO: 11 [P54583].
The first protein may include, consist essentially of, or consist of an amino
acid sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100% 1dentity to the reference sequence of SEQ ID: 12 [BD22308].
[0091] The engineered plant may further 1include a second
polynucleotide sequence encoding a second protein. The second protein may
be a CWD enzyme. The second protein may be an intein-modified CWD
protein. The second protein may by any one described with respect to the
method for producing soluble sugars from engineered plant material. The
second protein may include, consist essentially of, or consist of an amino acid
sequence with at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100% 1identity to a second reference sequence selected from the group
consisting of: SEQ ID NO: 1[WT P77853], SEQ ID NO: 2 [AnfaeA], SEQ ID
NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm], SEQ ID NO: 5 [EU 591743], SEQ ID
NO: 6 [043097], SEQ ID NO: 7 [P77853:T134-100-101], SEQ ID NO: 8
[P77853:5158-30-108-35], SEQ ID NO: 9 [033897], SEQ ID NO: 10 [068438],
SEQ ID NO: 11 [P54583], and SEQ ID: 12 [BD22308]. The SEQ ID NO
selected as the second reference sequence may be different than the SEQ ID

NO selected as the first reference sequence.
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[0092] The engineered plant may further include a third polynucleotide
sequence encoding a third protein. The third protein may be a CWD enzyme.
The third protein may be an intein-modified CWD protein. The third protein
may by any one described with respect to the method for producing soluble
sugars from engineered plant material. The third protein may include, consist
essentially of, or consist of an amino acid sequence with at least 70, 72, 75, 80,
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% 1dentity to a third reference
sequence selected from the group consisting of: SEQ ID NO: 1[WT P77853],
SEQ ID NO: 2 [AnfaeA], SEQ ID NO: 3 [AnfaeB], SEQ ID NO: 4 [NtEGm],
SEQ ID NO: 5 [EU591743], SEQ ID NO: 6 [043097], SEQ ID NO: 7
[P77853:T134-100-101], SEQ ID NO: 8 [P77853:5S158-30-108-35], SEQ ID NO:
9 [033897], SEQ ID NO: 10 [068438], SEQ ID NO: 11 [P54583], and SEQ ID:
12 [BD22308]. The SEQ ID NO selected as the third reference sequence may
be different than the SEQ ID NO selected as the first reference sequence. The
SEQ ID NO selected as the third reference sequence may be different than the
SEQ ID NO selected as the second reference sequence.

[0093] At least one of the first polynucleotide sequence, the second
polynucleotide sequence, or the third polynucleotide sequence in an
engineered plant may further include a first targeting polynucleotide sequence
encoding a respective targeting peptide. For an engineered plant lacking the
third polynucleotide sequence, a first targeting polynucleotide sequence may
be included on at least one of the first polynucleotide sequence or the second
polynucleotide sequence. For an engineered plant lacking the second
polynucleotide sequence and the third polynucleotide sequence, a first
targeting polynucleotide sequence may be included on the first polynucleotide
sequence. A respective targeting peptide may be independently selected from
but 1s not limited to an amyloplast targeting signal, a cell wall targeting
peptide, a mitochondrial targeting peptide, a cytosol localization signal, a
chloroplast targeting signal, a nuclear targeting peptide, or a vacuole
targeting peptide.

[0094] Each respective targeting peptide may be fused to the

corresponding first protein, second protein, or third protein. A targeting
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peptide may have at least 70, 72, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100% 1dentit